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ABSTRACT

The objective of this systematic review and meta-Analysis is to examine 
the effects of different exercise training on lipid profiles in older adults. A 
database search was performed (PubMed, Scopus, Web of Science and 
Google Scholar) to identify controlled clinical trials in English language. The 
mean difference (MD) with 95% confidence intervals (CIs) and overall effect 
size were calculated for all comparisons. The PEDro scale was used assess 
the methodological quality. Thirteen studies were included in the review. The 
meta-analysis found a significant effect of exercise training on Triglycerides 
TG in the elderly (difference in means=11.56; Z=2.51; p=0.01; I2=97%) and 
a significant effect of exercise training on Total Cholesterol TC in the elderly 
(difference in means=14.33; Z=4.13; p=0.00; I2=88%) and a significant 
effect of exercise training on High-Density Lipoprotein (HDL) in the elderly 
(difference in means=3.41; Z=2.80; p=0.00; I2=92%) and a significant effect of 
exercise training on Low-Density Lipoprotein (LDL) in the elderly (difference 
in means=12.74; Z=3.33; p=0.00; I2=91%). This systematic review and meta-
analysis found that the elderly can improved their lipid profiles by participating 
in aerobic and combined exercise training programs. Further studies on the 
physiologic effects of exercise training on lipid profiles are needed.
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Association for Integrated Care. Published by Full Universe Integrated Marketing Limited.

forms of dyslipidemia may include low values 
(typically of HDL-C).2 Dyslipidemia is associated 
with cardiovascular disease.3 A clear relationship 
exists between coronary artery disease (CAD) risk 
and elevated blood lipid and lipoprotein levels, and 
it seems physical inactivity is a major contributing 
factor to the changes in blood lipid and lipoproteins. 
However present information now supports the 
concept that lipids and lipoproteins may play a larger 
role in the development of multiple chronic diseases, 
not just atherosclerosis and CAD.4,5 Elevated blood 
lipid and lipoprotein levels are known to have various 
roles in the pathogenesis of the metabolic syndrome 
(MetS), insulin resistance, type 2 diabetes, and 
sarcopenia.6,7 Lipids and lipoproteins as risk factors 

1. INTRODUCTION

The lipid profile is defined as the relationship 
between the blood concentrations of total cholesterol 
(TC), high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), and 
tr iglycerides (TG).1 These biomarkers display 
physiological functions of serum lipid and cellular 
lipid interactions and assist in clinical decision 
making and authenticated risk type. As dyslipidemia 
is an alteration of the profile corresponding to 
abnormal blood levels of TG and/or cholesterol-
carrying lipoproteins affecting one or all of the 
subfractions of blood lipids. Characteristically, 
these levels are abnormally high, although some 
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through discussion. Irrelevant articles were excluded 
and the full texts were screened for the final inclusion/
exclusion of the studies.

2.3. Study Inclusion and Exclusion Criteria

The inclusion and exclusion criteria were defined 
based on the PICOS approach [population (P), 
intervention (I), comparators (C), main outcome (O) 
and study design (S)]. Only full-text articles published 
in English and with a target group of older adults of 
60 years and older (P) were included in the meta-
analysis. Further inclusion criteria were that studies 
had to be intervention studies (I) with Resistance 
Training (RT), Aerobic Exercise (AE) or Combined 
Exercise (CE) (At least two weeks) in the form of a 
controlled trial. There had to be at least one control 
group per study (C). Lipid profile consist of TC, TG, 
LDL and HDL (O) had to be the main outcome and 
pre- and post-testing had to be performed (S). The 
exclusion criteria were additional diet changes or 
nutrition supplements as part of the intervention.

2.4. Study Selection

Two authors, independently, screened titles and 
abstracts. Potential eligible studies were full read. The 
reference list of the included studies was consulted 
for additional studies. Disagreements were resolved 
by consensus between the two reviewers.

2.5. Methodological Quality Assessment

The methodological quality of the included RCTs 
was scored using the PEDro scale. The PEDro scale 
consists of 11 criteria (random allocation; concealed 
allocation; baseline comparability; blind subjects; 
blind therapists; blind assessor; adequate follow 
up; intention-to-treat-analysis; between groups 
comparisons; point estimates and variability), which 
receives either a “yes”, or “no” rating. As criteria 1 is 
not used in the calculation, the maximum PEDro score 
is 10 points.

2.6. Data Extraction

Lipid prof i les  outcomes were extracted and 
transferred to a separate excel sheet that contained 
the equations for all relevant calculations that 
are described in the statistical analysis section. 
Furthermore, other relevant study information (author, 
year, number of participants, Body Mass Index (BMI), 
participants’ characteristics (gender, age), intervention 
groups, and details about the intervention) were 
extracted and compiled in Table 1.

2.7. Statistical Analysis

S ta t i s t i ca l  ana l y ses  we re  conduc ted  us ing 
Comprehensive Meta-Analysis Version 2.0. We 

for CVDs in the elderly increase with age.8 Changes 
in circulating CVD markers are good indicators of the 
ideal impacts of training on cardiovascular health.9 A 
few examinations have indicated that the grown-ups 
with low degrees of HDL-C have a high risk of CVDs10 
and LDL-C was significantly correlated with CVDs and 
mortality.11 Observational studies comparing inactive 
and active groups confirm that exercise training 
optimally decreases blood lipids.12,13 In some studies, 
ultra-endurance athletes had lower concentrations of 
LDL-C, higher concentrations of HDL-C, TC, and TG 
compared with a matched group.14

Several meta-analyses of exercise have reported 
that changes in lipid and lipoprotein levels of 
elderly subjects were related to exercise intensity or 
volume. But this systematic review and meta-analyses 
compare different types of exercises. On the basis 
of this hypothesis, a systematic review on this topic 
is needed, given that: (a) the evidence presented in 
studies examining the effects of exercise training in this 
age group is conflicting, and (b) there are no recent 
systematic reviews on this topic and findings on this 
topic could have a substantial public health impact.

2. METHODS

2.1. Protocol and Registration

The protocol for this systematic review was registered 
prospectively in the PROSPERO database with 
the registration number CRD42021260379 that is 
available online: http://crd.york.ac.uk/PROSPERO/
display_record.asp?ID=CRD42021260379.

2.2. Literature Search Strategy

The PRISMA guidelines were used for reporting 
this meta-analytical review.15 A literature search was 
independently conducted by two researchers in 
four health and sport-related databases (PubMed, 
Web of Science, Scopus, and Google Scholar). The 
search was conducted from May 2, 2021, until May 
21, 2021. The relevant search terms were divided 
into three search levels and were combined with 
Boolean conjunctions (AND/OR). On the first search 
level “lipid profile OR blood lipid,” on the second 
level “AND (aerobic exercise OR strength training 
OR resistance training OR exercise training OR 
combined exercise)” and on the third level “AND (old 
OR elderly OR older adults OR aging)” were used 
as search terms. The screening process consisted 
of title, abstract, and full text screening. First, all 
resulting titles of the search were screened manually 
by the two researchers and discussed for eligibility. All 
chosen articles were then transferred to a reference 
management software (EndNote, Version X9). Both 
researchers screened abstracts separately and their 
inclusion was discussed afterwards. Consent has been 
found upon the independent search procedure and 
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there was a significant effect of combined exercise 
on TC (difference in means=29.02; Z=3.16; p=0.00); 
but, there was not a significant effect of resistance 
training on TC (difference in means=6.81; Z=1.39; 
p=0.16). The meta-analysis found a significant effect 
of exercise training on HDL in the elderly (difference 
in means=3.41; Z=2.80; p=0.00; Fig. 4) with a 95% 
confidence interval (1.02–5.80). In a subgroup analysis 
that included types of exercises training, there 
was a significant effect of aerobic exercise on HDL 
(difference in means=8.30; Z=3.14; p=0.00); but, 
there was not a significant effect of combined exercise 
on HDL (difference in means=7.74; Z=1.82; p=0.06); 
and there was not a significant effect of resistance 
training on HDL (difference in means=1.42; Z=0.97; 
p=0.32). The meta-analysis found a significant effect 
of exercise training on LDL in the elderly (difference 
in means=12.74; Z=3.33; p=0.00; Fig. 5) with a 95% 
confidence interval (5.25–20.23). In a subgroup 
analysis that included types of exercises training, 
there was a significant effect of aerobic exercise on 
LDL (difference in means=17.01; Z=2.64; p=0.00); and 
there was a significant effect of combined exercise 
on LDL (difference in means=29.65; Z=2.66; p=0.00); 
but, there was not a significant effect of resistance 
training on LDL (difference in means=6.15; Z=1.17; 
p=0.24).

3.2. Heterogeneity

In the present review, four forest plots that report the 
I2 statistic (total [95% CI]) due the heterogeneity of 
the continuous data were compiled. Four analyses 
presented high evidence of heterogeneity: (I) Exercise 
training group versus control group on TG (I2=97%; 
P=0.00); (II) Exercise training group versus control 
group on TC (I2=88%; P=0.00); (III) Exercise training 
group versus control group on HDL (I2=92%; P=0.00); 
(IV) Exercise training group versus control group on 
LDL (I2= 91%; P=0.00).

3.3. Sensitivity Analyses

An average value of 0.5 was used to determine the 
correlation between pre-test and post-test studies. 
Sensitivity analyses were performed using correlations 
ranging from 0.2 to 0.8, and their results were 
consistent with those using 0.5. Assessing the risk of 
bias was performed by one study removed method. 
Excluding any of the studies, the meta-analysis results 
did not change significantly, indicating a low risk of 
bias. The results were the same for TG, TC, HDL-c, 
and LDL-c.

4. DISCUSSION

The current work performed a meta-analysis of a 
systematic review effect of different types of exercise 
training on the lipid profile in the elderly. According 
to Meta-analyses, aerobic exercise resulted in 

conducted a meta-analysis to determine change in 
lipid profile from baseline to post-intervention by 
calculating the standardized mean difference (SMD) 
between the experimental and control groups, with a 
95% confidence interval (CI).

3. RESULTS

The search strategy identified 103 studies. Following 
screening procedures, 45 studies were found to be 
relevant. Thirty two (32) studies were excluded after 
reviewing their abstracts and/or full text based on 
inclusion criteria. Finally, 13 studies met the inclusion 
criteria and were included (summarized in Table 1). 
Figure 1 presents the flowchart of selection process 
based on study criteria. All studies included in this 
study have a PEDro score of 3 or higher and their 
average scores are 5.12±1.72. In all studies, various 
exercises were used and the lipid profile of the elderly 
was measured.

3.1. Meta‑Analysis Results for Lipid Profiles

The meta-analysis found a significant effect of 
exercise training on TG in the elderly (difference in 
means=11.56; Z=2.51; p=0.01; Fig. 2) with a 95% 
confidence interval (2.54–20.58). In a subgroup 
analysis that included types of exercises training, 
there was a significant effect of aerobic exercise on 
TG (difference in means=32.19; Z=2.50; p=0.01); and 
there was a significant effect of combined exercise 
on TG (difference in means=53.82; Z=2.17; p=0.02); 
but, there was not a significant effect of resistance 
training on TG (difference in means=6.67; Z=1.32; 
p=0.18). The meta-analysis found a significant effect 
of exercise training on TC in the elderly (difference 
in means=14.33; Z=4.13; p=0.00; Fig. 3) with a 95% 
confidence interval (7.53–21.13). In a subgroup 
analysis that included types of exercises training, 
there was a significant effect of aerobic exercise on 
TC (difference in means=19.13; Z=3.26; p=0.00); and 

Figure 1. Flow diagram regarding article selection for the meta-
analysis
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Study Country

Exercise + 
Control= Total 
sample size 
(Baseline)

Sex
Participants 

characteristics
BMI (kg/m2) 
(Baseline)

Frequency
(days/
week)

Intervention 
duration 
(weeks)

Exercise
intervention

Results

Bachi et al., 
2019 (30)

Brazil 27+27=54 Female Elderly women
Exercise: 25.1±3.2
Control: 28.7±5.1

3 72

M o d e r a t e  i n t e n s i t y 
c o m b i n e d  a e r o b i c -
r e s i s t a n c e  e x e r c i s e 
training

Improved lipid profile

Botton et al., 
2018 (31)

Brazil 22+22=44
Female/

Male

Elderly with 
type 2 diabetes 

mellitus

Exercise: 28.2±3.6
Control: 28.64±3.26

3 12

Strength exercises were 
performed on traditional 
machines, free weights 
and functional exercises

Were no improvements for 
lipid profile in both groups, 
with exception of triglyceride 
level reduction for resistance 
training group

Costa et al., 
2019 (32)

Brazil 46+23=69 Female
Women with 
dyslipidemia

Exercise: 29.35±2.1
Control: 30.91±2.4

2 10

Wate r-based aerob ic 
training (WA) and water-
based resistance training 
(WR)

W A  a n d  W R  i m p r o v e 
similarly the lipid profile of 
dyslipidemic elderly women

Hagner-
Derengowsk et 
al., 
2015 (33)

Poland 127+20=147 Female

Over weight 
and obese 

postmenopausal 
women

Exercise: 31.15±4.42
Control: 28.9±2.2

3 10
Nordic walking exercise 
p r o g r a m  ( N W )  a n d 
Pilates exercise program

E x e r c i s e  t r a i n i n g  i n 
accordance with the NW 
model causes statistically 
and clinically more significant 
changes in basic blood lipid 
levels than do Pilates and 
dietary intervention alone

Hoseini et al., 
2020 (34)

Iran 10+10=20 Female

Elderly women with 
Vit D deficiency 

and Nonalcoholic 
Fatty Liver Disease 

(NAFLD)

Exercise: 33.57±1.92
Control: 34.65±1.70

3 8

The  ae rob ic  t ra in ing 
program consisted of the 
sessions of 45 - 60 min 
at 60% - 75% of the 
Maximum Heart Rate

Improved lipid profile

Park and Lee, 
2015 (35)

Republic 
of Korea

24+13=37
Female/

Male
Type 2 diabetic 

patients
Exercise: 25.5±2.5
Control: 23.6±2.2

3 12

Combined exercise (for 
40 min) consisting of 
strengthening exercise 
(for 20 min) and aerobic 
exercise (for 20 min)

There was no signif icant 
improvement in blood lipid 
profile in either group

Rech et al., 
2019 (36)

Brazil 18+21=39
Female/

Male
Elderly patients 

with type 2 diabetes
Exercise: 28.46±3.2

Control: 28.3±3.1
3 12

Progressive resistance 
training program

No significant differences 
were found for blood lipid 
profile for both groups after 
the intervention period

Roh et al., 
2020 (37)

Republic 
of Korea

13+13=26 Female
Elderly women 
with obesity

Exercise: 24.67±1.55
Control: 25.72±2.32

3 12

The exerc ise t ra in ing 
per formed res is tance 
training using elast ic 
bands

There was no signif icant 
improvement in blood lipid 
profile in either group

Sbardelotto et al., 
2019 (38)

Brazil 41+14=55
Female/

Male
Healthy 

elderly people
Exercise: 27.05±0.9
Control: 25.18±1.72

3 8

A e r o b i c  t r a i n i n g  o n 
d ry  l and  (ATd l )  and 
Combined training on 
d ry  land  (CTd l )  and 
Combined t raining in 
water (CTw)

Improved lipid profile

Sousa et al., 
2013 (39)

Portugal 31+17=48 Male
Healthy 

elderly men
Exercise: 27.2±3.0
Control: 27.1±3.2

3 36

Aerobic training group 
and combined (aerobic 
and resistance) training 
group

Comb ined  a e r ob i c  and 
resistance training is more 
e f f ec t i ve  in  the  ch ron ic 
m o d i f i c a t i o n  o f  b l o o d 
pressure and lipid profile, 
and in the reduction of total 
risk factors aggregated

Sousa et al., 
2014 (40)

Portugal 31+17=48 Male
Overweight 
older men

Exercise: 27.2±3.0
Control: 27.1±3.2

3 32
Aerobic training group 
and a mixed aerobic and 
resistance training group

Comb ined  a e r ob i c  and 
res is tance  t ra in ing was 
more effective in the chronic 
modification of lipid profile

Tan et al., 
2012 (41)

China 15+10=25
Female/

Male

Elderly patients 
with a long history 
of type 2 diabetes

Exercise: 25.2±2.5
Control: 25.8±2.5

3 24

Each session consisted of 
a 30 minutes of moderate 
aerobic exercise and 10 
minutes of resistance 
t ra ining wi th f ive leg 
muscle exercises (two 
sets of 10-12 repetitions 
at 50-70% of 1RM for 
each activity)

Improved lipid profile

Theodorou et al., 
2016 (42)

Cyprus 41+15=56
Female/

Male
Coronary artery 
disease patients

Exercise: 30.8±1.0
Control: 30.3±1.1 3 32

Aerobic exercise group, 
resistance exercise group 
and combined (aerobic 
+ resistance) exercise 
group

The aerobic exercise caused 
favorable effects mostly on lipid 
and apolipoprotein profiles. 
On the other hand, combined 
exercise caused significant 
favorable effects on biochemical 
(i.e. lipid and apolipoprotein 
profile and inflammation status) 
parameters.

Table 1. Specifications of the analyzed randomized controlled trials
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training. When trials were limited to this involving 
aerobic exercise and combined exercise the WMD 
in HDL-C, LDL, TC, and TG improved significantly, 
and significant heterogeneity was noted. But in the 
resistance training, the WMD in HDL-C, LDL, TC, and 
TG did not ameliorate significantly, and significant 
heterogeneity was noted.

Previous meta-analyses have not reported the effect 
of different types of exercise training on the lipid 
profile in the elderly, and they have not compared 

changes in the levels of HDL-C (8.30 mg/dL), LDL-C 
(17.01 mg/dL), TC (19.13 mg/dL), and TG (32.19 
mg/dL). These changes in the combined exercise 
resulted in the levels of HDL-C (7.74 mg/dL), LDL-C 
(29.65 mg/dL), TC (29.02 mg/dL), and TG (53.82 
mg/dL). Furthermore, the analysis of the resistance 
training produced changes in the levels of HDL-C 
(1.42 mg/dL), LDL-C (6.15 mg/dL), TC (6.81 mg/
dL), and TG (6.67 mg/dL). Aerobic and combined 
exercises improve the lipid profile in the elderly. 
This study focused on the different types of exercise 

Figure 2. Meta-analysis of the effects of exercise training on TG (mg/dL) in the elderly, forest plot showings pooled mean differences with 95% 
CIs for 16 effect sizes obtained from 10 trials

Figure 3. Meta-analysis of the effects of exercise training on TC (mg/dL) in the elderly, forest plot showings pooled mean differences with 95% 
CIs for 16 effect sizes obtained from 10 trials
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unchanged, although the HDL: LDL cholesterol ratio 
was improved considerably, suggesting that the 
increased intensity and structure normally associated 
with aerobic exercise has a more consistent impact 
upon triglycerides and LDL cholesterol than moderate 
levels of physical activity.17 Also, Wood et al, (2021) in 
a meta-analysis reported that aerobic exercise training 
is effective on the standard lipid profile in sedentary 
adults.18 On the other hand, a meta-analysis also 
demonstrated that resistance training reduced leptin 
levels and improved adiponectin levels.19 It is also 
difficult for the elderly to do high-intensity resistance 
training. As a result, older people are less likely to 

them. Ghafari et al. (2020), conducted a meta-
analysis of 23 trials involving the overall effect of 
exercise on the lipid profile of the elderly and found 
that exercise improves the lipid profile of the elderly. 
Thus, an improvement in lipid and lipoprotein levels 
is presumably related to exercise types. Previous 
meta-analyses have shown results that these effects 
are more related to aerobic exercise that is why 
combined exercise is more effective in improving 
lipid profile than resistance training.16 Leon and 
Sanchez (2001) conducted a meta-analysis of 51 
interventions involving 12 weeks or more of aerobic 
exercise (n=4,700). They reported total cholesterol 

Figure 4. Meta-analysis of the effects of exercise training on HDL-C (mg/dL) in the elderly, forest plot showings pooled mean differences with 
95% CIs for 16 effect sizes obtained from 10 trials

Figure 5. Meta-analysis of the effects of exercise training on LDL-C (mg/dL) in the elderly, forest plot showings pooled mean differences with 
95% CIs for 16 effect sizes obtained from 10 trials
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intensity. The analyzed population was heterogeneous 
in terms of clinical condition, publication bias.

5. CONCLUSION

This systematic review and meta-analysis found 
that the elderly can improve their lipid profiles by 
participating in aerobic and combined exercise 
training programs. Exercise training can be a safe type 
of exercise for the elderly. More research is needed 
on the effects of different types of exercise training on 
lipid profiles in the elderly.
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