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Abstract
Background  Meta-analyses of randomized controlled trials (RCTs) have shown the beneficial effect of exercise on HDL-
cholesterol (HDL-C) levels. However, systematic reviews are not free of bias, and this could call into question their results.
Objectives  The aim of this work was to conduct a critical assessment of meta-analyses of RCTs that analyze the association 
between exercise and HDL-C levels, evaluating their results and the risk of bias (RoB).
Methods  This systematic review of MEDLINE and EMBASE included meta-analyses of RCTs that studied the effects of 
exercise on HDL-C levels in healthy adults or patients at cardiovascular risk. The RoB was determined using AMSTAR-2, 
and information was obtained on exercise and the variation in HDL-C levels.
Results  Twenty-three meta-analyses were included. Great variability was found in exercise (different types, frequencies 
or intensities in the studied interventions). All the analyses found an improvement in HDL-C levels, ranging from 0.27 to 
5.41 mg/dl, in comparison with the control group (no exercise). The RoB was very high, with 18 reviews obtaining a criti-
cally low confidence level and the remaining works obtaining the highest confidence level.
Conclusions  Only one meta-analysis showed good quality, in which HDL-C levels increased by 3.09 mg/dl in healthy adults 
and patients at high cardiovascular risk who practiced yoga. The rest had high RoB. Therefore, new systematic reviews with 
low RoB are needed to apply the results to clinical practice.
Register: CRD42020158471 (PROSPERO).

Key Points 

Meta-analyses have shown that exercise can increase 
HDL-C levels.

Systematic reviews should have a low risk of bias for 
conclusions to be applicable to clinical practice.

A systematic review was performed evaluating these 
meta-analyses, finding that only one work meets the 
accepted standards for this purpose (yoga).
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1  Introduction

Cardiovascular diseases (CVD) are a major cause of mor-
bidity and the leading cause of premature death, with coro-
nary heart disease and stroke being the types of events that 
produce the highest number of deaths [1, 2]. Tradition-
ally, CVD has been considered to have a higher prevalence 
and incidence in men, although it is currently prevalent in 
women [3]. In addition, differences between the sexes can 
be seen in the various cardiovascular risk factors, such as 
high blood pressure, total cholesterol (TC), high- and low-
density lipoprotein cholesterol (HDL-C and LDL-C), dia-
betes mellitus (DM), smoking, sedentary lifestyle, alcohol 
use and stress. Most of these are largely modifiable when 
identified early and addressed [3].

Coronary events are associated with blood levels of 
lipid parameters [TC, HDL-C, LDL-C, and triglycerides 
(TG)]. Increased LDL-C, TC and TG levels above rec-
ommended values together with decreased HDL-C levels 
lead to cholesterol accumulating, contributing to atheroma 
and atherosclerotic plaques, increasing the risk and devel-
opment of CVD. These parameters therefore need to be 
addressed, generally, with pharmacological interventions 
[4].

Focusing only on HDL-C levels, these can be modified 
with non-pharmacological therapy, especially nutrition. 
For example, the Mediterranean diet has numerous ben-
efits with regard to chronic diseases, but it has also been 
shown to be effective at increasing HDL-C levels, espe-
cially with the addition of olive oil [5]. Similarly, various 
chemical compounds produced by living organisms have 
shown benefit in raising HDL-C levels [6–8]. Another 
important element in raising HDL-C levels is exercise, as 
numerous meta-analyses associate physical exercise with 
this increase [9–13].

According to the Centre for Evidence-Based Medicine, 
when assessing the effectiveness of an intervention, the 
meta-analysis of randomized controlled trials (RCTs) is 
the type of study with the best scientific evidence [14], 
making it an essential tool for clinical decision-making. 
However, the fact that certain authors have published a 
meta-analysis in a scientific journal does not mean that 
the study is free of bias. In other words, it is possible that 
errors were made in the design or execution of the system-
atic search, as well as in obtaining and interpreting results. 
For this reason, tools have been developed to assess the 
methodological quality of these reviews, one of the most 
widely used being AMSTAR-2 (A MeaSurement Tool to 
Assess systematic Reviews) [15]. This is an instrument 
consisting of 16 questions that enable the assessment of 
the quality of systematic reviews of RCTs and non-rand-
omized clinical trials. The analysis results in four levels 

of confidence: high, moderate, low and critically low 
[15]. Concerning the degree of quality of published meta-
analyses, reviews that have used this tool have found an 
inadequate methodological level, finding that most meta-
analyses have a low level of confidence [16, 17].

Taking into account the importance of raising HDL-C 
levels to prevent the onset of CVD and the role of physical 
exercise in this aspect [4, 9–13], a document is needed that 
analyzes the results found in meta-analyses of RCTs on this 
subject, specifying the type, duration and intensity of the 
exercise. Furthermore, given the precedents found with other 
diseases (diabetes mellitus and fibromyalgia) [16, 17], it is of 
interest to evaluate whether these meta-analyses have been 
performed correctly in terms of their methodology, since 
they could present a risk of bias and therefore cast doubt on 
the results obtained (AMSTAR-2) [15].

2 � Methods

2.1 � Protocol and PROSPERO Registration

This systematic review protocol has been recorded in the 
PROSPERO database (CRD42020158471) and follows the 
guidelines of both the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) and the 
AMSTAR-2 statements [15, 18].

2.2 � Selection Criteria

The scientific articles selected were those that had performed 
a meta-analysis of RCTs and that assessed the following 
PICO(T) question (population, intervention, comparator, and 
objective [with or without time]):

1.	 Population: healthy adults or those with a condition that 
increased their cardiovascular risk, such as having high 
blood pressure, diabetes, dyslipemia, obesity or meta-
bolic syndrome. They could regularly engage in some 
form of physical training or be sedentary. Reviews that 
included only men, only women or both sexes were con-
sidered.

2.	 Intervention: any type of physical exercise, whether 
aerobic, endurance, strength or combined, as long as its 
influence on HDL-C levels was studied.

3.	 Comparator: not engaging in any type of physical exer-
cise or having another condition that could alter HDL-C 
levels, such as following a certain type of diet [5].

4.	 Objective: the main variable was HDL-C levels, and sec-
ondarily, possible improvements in other lipid param-
eters (TC, LDL-C and TG).

5.	 Time: no time frame was established to find benefits 
from the intervention to be evaluated.
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Only meta-analyses of RCTs were selected, as this is the 
design with the best scientific evidence when assessing the 
benefit of an intervention [14].

2.3 � Information Sources and Search

A systematic search was conducted in the MEDLINE 
(through the PubMed portal) and EMBASE databases, from 
their inception (MEDLINE, 1966; EMBASE, 1947) until 
October 30, 2019, using the following keywords, which were 
searched as MESH (for MEDLINE only) or EMTREE terms 
(for EMBASE only) in the title and abstract: HDL, trial, 
clinical trial, randomized controlled trial, exercise, physi-
cal activity, sports, activity, ‘physical activity, capacity and 
performance’, and training. No publication date-based exclu-
sion criteria were applied, and no systematic reviews were 
excluded based upon the number of studies included in the 
meta-analysis.

The following database filters were established: (1) meta-
analysis: this requirement was set as only studies with this 
type of design were of interest; (2) humans: as we were not 
interested in studies involving cells or animals; (3) with an 
abstract: a necessary criterion to assess whether a paper 
could meet the selection criteria of our research question; 
(4) English or Spanish language: as these were the only two 
languages we were able to read and understand adequately, 
given that full texts had to be analyzed as this was a system-
atic review.

In addition to analyzing MEDLINE and EMBASE, we 
examined the reference lists of the selected articles. We also 
hand searched the PROSPERO database, which is a reg-
istry of systematic reviews, either ongoing or completed. 
In PROSPERO, the protocols of the systematic reviews 
are registered before the reviews are undertaken. Protocols 
are updated regularly to include their status. Consequently, 
PROSPERO is a source for obtaining systematic reviews 
that have been published on the subject. It is important to 
note that the authors are experts in cardiovascular risk and/
or meta-analysis. No grey literature was analyzed as we were 
focused solely on meta-analyses, which, as far as we know, 
are generally published in scientific journals. More infor-
mation about the search strategy is available in Electronic 
Supplementary Material Appendix S1 and in the PRISMA 
checklist (Electronic Supplementary Material Appendix S2).

2.4 � Selection of Reviews

Following the current gold standard in meta-analytic tech-
nique, two people (AP and DH) independently and in dupli-
cate analyzed all titles and abstracts obtained from the above 
search equations. In the event of discrepancies, a meeting 
was held to reach consensus, and if no consensus was 
reached, a third reviewer resolved the disagreement (VFG). 

After selecting the valid titles and abstracts, the same pro-
cedure was followed with the full texts, as well as with the 
analysis of their references and of PROSPERO. Finally, if 
we had articles that assessed the same type of intervention in 
the same type of patients, we retained only the most recent 
review, that is, the one that covered a longer time period 
for reviewing scientific studies. In other words, we removed 
reviews when they had overlap in the population and inter-
vention of focus, retaining the most updated papers.

2.5 � Data Extraction

The same two reviewers (AP and DH) independently 
extracted the following information: (1) population; (2) 
intervention (which forms of physical exercise were 
assessed?); (3) sessions/week; (4) minutes/session; (5) 
duration (weeks); and (6) modification in HDL-C (mg/dl) 
obtained in the meta-analysis. If this figure was in mmol/l, 
the units were converted. If any data were missing, the 
authors of the original systematic review were contacted 
through the corresponding author, although none of the 
information provided was used in our review.

2.6 � Risk of Bias

We applied the AMSTAR-2 checklist to assess the methodo-
logical quality of the articles finally included. This tool has a 
total of 16 items [15]. Generally, the items consider aspects 
of the review protocol, the way in which the systematic 
review or meta-analysis was conducted, as well as the inter-
pretation of its results. The checklist objectively indicates 
how to assess each of the items, indicating whether each 
associated aspect has been carried out in a completely cor-
rect manner (yes), partially (probably yes) or inadequately 
(no). After quantifying the 16 items, a confidence level for 
the review is determined and is classified into four levels: 
high, moderate, low and critically low. This confidence 
level is based on the response to the items, with seven of 
them considered as critical domains (or weaknesses): pro-
tocol registration before commencement of the review (#2), 
adequate literature search (#4), justification for the excluded 
studies (#7), risk of bias from individual studies (#9), appro-
priate statistical methods (#11), consideration of risk of bias 
in the interpretation of results (#13) and analysis of publi-
cation bias (#15). The remaining nine are considered non-
critical weaknesses. The AMSTAR statement provides the 
following guidelines for rating confidence [15]:

1.	 Critically low: more than one critical weakness.
2.	 Low: at most one critical weakness.
3.	 Moderate: no critical weakness and more than one non-

critical weakness.
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4.	 High: no critical weakness and at most one non-critical 
weakness.

5.	 To assess the items concerning the statistical methods of 
the systematic review (meta-analysis), the recommenda-
tions of the Cochrane Library were followed [19].

2.7 � Statistical Analysis

As this is a systematic review with no meta-analysis, a 
descriptive analysis of the information extracted and of the 
confidence obtained through the AMSTAR-2 was carried 
out [15].

3 � Results

Figure 1 shows the outline of our systematic review, in which 
we started with a total of 268 scientific articles, 62 in MED-
LINE and 206 in EMBASE. After eliminating duplicates 
and screening the abstracts, we analyzed a total of 34 articles 
[9–13, 20–48]. Of these, 7 were eliminated [20, 22–24, 28, 
29, 46] because there was one group which could included 
diet or another kind of intervention (exercise or medica-
tion), 3 due to the availability of a more updated review 
on the same type of physical exercise [25–27], and one for 
not restricting the review to just RCTs [45]. Consequently, 
23 articles were finally included in the systematic review 
(Table 1). These were published between 1999 and 2019 

(mean 2013) and all of them showed an increase in HDL-C 
levels after the intervention [9–13, 21, 30–44, 47, 48]. 

Table 1 shows the main features of the meta-analyses of 
RCTs included in this systematic review. First, we would 
like to highlight that no great variability (generally all sub-
jects were adults with a particular disease or no mention of 
this) was seen in the populations, with the majority being 
patients with cardiovascular risk factors (including diabetes 
and high blood pressure) [11–13, 21, 33, 36, 37, 40, 43, 
48], or presumably healthy people [9, 10, 30–32, 34–36, 
38–42, 44, 47], and either distinguishing by sex [32, 39, 
42] or grouping together men and women [9–13, 21, 30, 
31, 33–38, 40, 41, 43, 44, 47, 48]. With regard to the type 
of physical exercise assessed, it was generally observed that 
nearly all the meta-analyses included groupings of different 
types. For example, many assessed aerobic exercise in any 
form [11, 12, 21, 30, 32, 33, 35, 37–43, 47, 48], and these 
are detailed in Table 1. However, other systematic reviews 
focused on a single type of physical exercise, such as yoga 
[13, 36], Wuqinxi Qigong [9], running [34], walking [44], 
or exercises focused on strength performance as opposed to 
resistance [31]. None of the control groups performed any 
special physical exercise, as this was a criterion for exclusion 
from our review.

With regard to the frequency and time spent practic-
ing the exercise, there was great variability in the reviews 
included (Table 1). First, the frequency varied from every 
day to only once per week, with ranges always provided, 

Fig. 1   Flow chart of the 
systematic review following 
the PRISMA statement. HDL-
C, high-density lipoprotein 
cholesterol; PRISMA, Preferred 
Reporting Items for Systematic 
Reviews and Meta-analyses
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since the RCTs included in these reviews did not always 
use the same duration. Second, the length of each ses-
sion had a fairly wide range, lasting from 12 min to 2 h, 
depending on the type of physical exercise. In addition, 
the period used to assess a change in HDL-C levels ranged 
from 2 to 108 weeks, that is, 2 years. Finally, HDL-C lev-
els increased between 0.27 and 5.41 mg/dl, with positive 
changes also found in TC, LDL-C and TG.

Table 2 and Fig. 2 summarize the AMSTAR-2 items 
for the meta-analyses included in this systematic review. 
Table 2 gives detailed assessments of all the items for 
each work and Fig. 2 provides a graphical analysis of the 
situation at the group level. It is also important to note 
that only one systematic review reached the highest level 
of confidence, [36] while the rest were rated as critically 
low. This work was a Cochrane review, which determined 
the effectiveness of yoga in healthy adults or those at high 
cardiovascular risk [36]. 

The analysis of Fig. 2 highlights positively that all sys-
tematic reviews defined the PICO(T) question correctly, 
as well as the description of the included studies, giving 
information on time and form of practice of the physical 
exercise assessed. We would also like to point out that 
82.6% of the reviews analyzed took into account the het-
erogeneity of the results when interpreting them. By con-
trast, several negative aspects were observed, notably that 
no review justified why it was restricted to RCTs alone 
and that 95.7% did not explain why they chose to pool the 
results of the RCTs through a meta-analysis. Finally, the 
absence of a protocol or the lack of information within 
it for review is striking, with this error being present in 
91.3% of the cases. Furthermore, in 91.3% of the system-
atic reviews, the list of excluded studies was not given, 
and very few meta-analyses indicated which studies spe-
cifically (with references) were excluded and the reason 
for this.

4 � Discussion

4.1 � Summary

Twenty-three meta-analyses of RCTs were studied that 
assessed the application of a physical exercise protocol in 
a general population or in patients at risk of cardiovascular 
disease, in which a change in HDL-C levels was observed 
after the intervention. There was great variability in their 
characteristics (different types, frequencies or intensities 
in the studied interventions), and with the exception of 
one systematic review [36] they all presented a low level 
of confidence.

4.2 � Strengths and Limitations

The main strength of this review is the research question 
developed, since it is clinically relevant to know which ther-
apeutic options based on physical exercise increase HDL-C 
levels, to advise patients who have below-normal values. In 
other words, according to the initial HDL-C level, prefer-
ences, time available and possible physical limitations, a 
patient with these characteristics can be given physical exer-
cise options: type, frequency and intensity. Another strength 
is the study design, since a systematic review of meta-anal-
yses based on RCTs has a high level of evidence, provided 
that it has been properly conducted [15]. To achieve this, 
we applied the recommendations of the Cochrane Library 
and AMSTAR-2 [15, 19]. Finally, it is important not to 
assume that a published meta-analysis presents the highest 
level of evidence, since it may contain errors that reduce 
the confidence level, as assessed through the application of 
AMSTAR-2 [15].

The limitations of this review are mainly defined by the 
study design as we may have excluded systematic reviews 
indexed in MEDLINE or EMBASE. However, by perform-
ing our search independently and in duplicate, this type of 
bias is minimized. It is also possible that other articles met 
our inclusion criteria but were not in the two databases men-
tioned above. Nonetheless, we analyzed the references of the 
included publications, as well as the PROSPERO registry, 
which minimized the likelihood of this happening. Finally, 
reviews in which participants followed some type of diet 
could have been included [28, 29], and would have increased 
the number of publications analyzed, but as we wanted to 
isolate the effect of physical exercise, these were directly 
excluded.

4.3 � Comparison with the Existing Literature

The increase in HDL-C levels found in the meta-analyses 
consulted ranged from 0.27 to 5.41 mg/dl, depending on 
the type of patient, type of physical exercise, frequency and 
intensity. Comparing these figures with studies that have 
analyzed components of the Mediterranean diet, such as 
olive oil or oily fish, a greater improvement was observed, 
[49, 50] as these increased levels by 2.37 and 2.32 mg/
dl, respectively. However, when a diet that uses this type 
of unsaturated fat is combined with physical exercise at a 
general level, the increase in HDL-C levels rises to almost 
4 mg/dl [51]. Consequently, physical exercise potentiates 
the increase. Therefore, if we choose the most appropriate 
type of activity for the patient based on that described above, 
the ranges indicated could be increased. However, we must 
take into account that for HDL-C levels to be beneficial, the 
patient must have a high level of adherence to the chosen 
exercise to improve the antioxidative and anti-inflammatory 
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Table 2   Assessment of the AMSTAR-2 items of the included meta-analyses that analyzed HDL-c levels after an intervention based on the prac-
tice of physical exercise

AMSTAR, A MeaSurement Tool to Assess systematic Reviews; HDL-c, high-density lipoprotein cholesterol; N, no; PY, partial yes; Q, question; 
Y, yes
Q1: Did the research questions and inclusion criteria for the review include the components of PICO/PICOT?
Q2: Did the report of the review contain an explicit statement that the review methods were established prior to the conduct of the review and 
did the report justify any significant deviations from the protocol?
Q3: Did the review authors explain their selection of the study designs for inclusion in the review?
Q4: Did the review authors use a comprehensive literature search strategy?
Q5: Did the review authors perform study selection in duplicate?
Q6: Did the review authors perform data extraction in duplicate?
Q7: Did the review authors provide a list of excluded studies and justify the exclusions?
Q8: Did the review authors describe the included studies in adequate detail?
Q9: Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the 
review?
Q10: Did the review authors report on the sources of funding for the studies included in the review?
Q11: If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results?
Q12: If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-
analysis or other evidence synthesis?
Q13: Did the review authors account for RoB in individual studies when interpreting/discussing the results of the review?
Q14: Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?
Q15: If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) 
and discuss its likely impact on the results of the review?
Q16: Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?

Reference Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Overall confidence

Zou et al. 2019 [9] Y N N PY Y Y N Y PY Y N N N N Y Y Critically low
Igarashi et al. 2019 [30] Y N N PY Y N N Y Y Y N Y N Y Y Y Critically low
Igarashi et al. 2019 [10] Y N N PY Y Y N Y PY Y N N N Y Y Y Critically low
Costa et al. 2019 [31] Y N N N Y Y N Y Y Y N N N Y Y N Critically low
Wewege et al. 2018 [11] Y N N PY Y N N Y PY Y N N N Y Y Y Critically low
Zhang et al. 2018 [32] Y Y N N Y Y N Y Y Y N N Y Y N Y Critically low
Lemes et al. 2018 [21] Y N N N Y N N Y PY Y N N N Y N Y Critically low
Ostman et al. 2017 [12] Y N N N Y N N Y N Y N N N N Y Y Critically low
Cui et al. 2017 [13] Y N N N N Y N Y Y N N N Y Y N Y Critically low
Zou et al. 2016 [33] Y N N N Y Y N Y Y Y N N N Y N Y Critically low
Hespanhol Junior et al. 2015 [34] Y N N PY Y Y N Y Y Y N N Y Y N Y Critically low
Lin et al. 2015 [35] Y N N PY Y Y N Y Y Y N N Y Y Y Y Critically low
Murtagh et al. 2015 [44] Y N N N N Y N Y Y Y N N Y N Y Y Critically low
Hartley et al. 2014 [36] Y Y N Y Y Y Y Y Y Y Y Y Y Y Y Y High
Hayashino et al. 2012 [37] Y N N N N Y N Y PY Y N Y Y Y Y Y Critically low
Kelley et al. 2009 [47] Y N N PY N Y N Y PY Y N Y N Y Y Y Critically low
Kodama et al. 2007 [38] Y N N N Y Y Y Y PY Y N N N Y Y Y Critically low
Kelley et al. 2006 [39] Y N N N N Y N Y PY Y N Y Y Y Y Y Critically low
Cornelissen et al. 2005 [40] Y N N N N Y N Y N Y N N N Y N N Critically low
Kelley et al. 2005 [41] Y N N PY N Y N Y PY Y N N N Y Y N Critically low
Kelley et al. 2005 [48] Y N N N Y Y N Y PY Y N N N N Y N Critically low
Kelley et al. 2004 [42] Y N N PY N Y N Y PY N N N Y Y Y N Critically low
Halbert et al. 1999 [43] Y N N PY N N N Y Y N N N Y Y Y N Critically low
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properties of HDL-C [52]. Finally, with respect to quality by 
applying the AMSTAR-2 scale [15], results similar to ours 
have been found in other diseases, i.e. low quality in the 
systematic reviews analyzed [16, 17].

4.4 � Implications for Research and Clinical Practice

Regarding clinical practice and considering the results 
together with the quality of the reviews, we see that for a 
patient with or without high cardiovascular risk who also has 
low HDL-C levels, there is strong scientific evidence to rec-
ommend yoga. This activity can be practiced by individuals 
of all ages and improves HDL-C by an average of 4.30 mg/
dl over a period of 2–36 weeks [36]. Yoga can be performed 
outdoors or in a group, thereby increasing adherence. Since 
the remaining reviews were found to have a critically low 
level of confidence, they should be updated according to 
the principles of AMSTAR-2 [15] to obtain a high level 
of confidence, which would allow the recommendation of 
their results for use in routine clinical practice. Although 
no statistical pooling or similar statistical analysis was 
performed, the critically low quality of the meta-analyses 
included suggests that statistical analysis was likely unwar-
ranted. Accordingly, the reviews should be updated or the 
process of reviewing meta-analyses should be strengthened, 
improving the peer-review process, which is a key point for 
the scientific validity of a work [53]. In addition, the process 
should be critical of papers that have already been published, 
applying tools like AMSTAR-2 [15].

5 � Conclusions

This systematic review analyzed the MEDLINE and 
EMBASE databases, assessing meta-analyses of RCTs that 
determined the relationship between engaging in physical 
exercise and a modification in HDL-C levels in the general 
population or in patients with cardiovascular risk factors. A 
total of 23 publications were studied. These meta-analyses 
showed great variability in the types of physical exercise, 
duration and intensity, as well as the type of populations 
examined. These publications showed an increase in HDL-C 
levels ranging from 0.27 to 5.41 mg/dl. However, their con-
fidence level was critically low, except for one systematic 
review (yoga), which had the highest confidence level [36]. 
This lack of confidence was mainly due to the absence of 
a protocol for the review or lack of information contained 
therein, as well as the failure to detail precisely which stud-
ies were consulted in full text and excluded from the review, 
indicating the reason.
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Fig. 2   Analysis of the AMSTAR-2 items of the included meta-anal-
yses that studied HDL-C levels after an intervention based on the 
practice of physical exercise. AMSTAR, A MeaSurement Tool to 
Assess systematic Reviews; HDL-C, high-density lipoprotein cho-
lesterol. Q = question; Red = no, yellow = partial yes, green = yes. 
Q1: Did the research questions and inclusion criteria for the review 
include the components of PICO(T)? Q2: Did the report of the 
review contain an explicit statement that the review methods were 
established prior to the conduct of the review and did the report jus-
tify any significant deviations from the protocol? Q3: Did the review 
authors explain their selection of the study designs for inclusion in 
the review? Q4: Did the review authors use a comprehensive litera-
ture search strategy? Q5: Did the review authors perform study selec-
tion in duplicate? Q6: Did the review authors perform data extraction 
in duplicate? Q7: Did the review authors provide a list of excluded 
studies and justify the exclusions? Q8: Did the review authors 
describe the included studies in adequate detail? Q9: Did the review 
authors use a satisfactory technique for assessing the risk of bias 
(RoB) in individual studies that were included in the review? Q10: 
Did the review authors report on the sources of funding for the stud-
ies included in the review? Q11: If meta-analysis was performed did 
the review authors use appropriate methods for statistical combina-
tion of results? Q12: If meta-analysis was performed, did the review 
authors assess the potential impact of RoB in individual studies on 
the results of the meta-analysis or other evidence synthesis? Q13: 
Did the review authors account for RoB in individual studies when 
interpreting/discussing the results of the review? Q14: Did the review 
authors provide a satisfactory explanation for, and discussion of, any 
heterogeneity observed in the results of the review? Q15: If they per-
formed quantitative synthesis did the review authors carry out an ade-
quate investigation of publication bias (small study bias) and discuss 
its likely impact on the results of the review? Q16: Did the review 
authors report any potential sources of conflict of interest, including 
any funding they received for conducting the review?



252	 A. Palazón‑Bru et al.

Author contributions  AP conceived the idea of the review, designed 
the review, drafted the paper and performed the systematic review; DH 
participated in the review design, performed the systematic review and 
contributed to writing the manuscript; VFG participated in the review 
design and critically reviewed the manuscript. All the authors approved 
the final version of the text to be submitted for publication.

Data availability statement  There are no underlying data in this work.

Compliance with Ethical Standards 

Funding  No external funding was received for this review.

Conflict of interest  Antonio Palazón-Bru, David Hernández-Lozano 
and Vicente Francisco Gil-Guillén declare that they have no conflicts 
of interest relevant to the content of this review.

References

	 1.	 World Health Organization. Cardiovascular diseases (CVDs). 
https​://www.who.int/news-room/fact-sheet​s/detai​l/cardi​ovasc​
ular-disea​ses-(cvds). Updated 17 May 2017. Accessed 3 Feb 2020. 

	 2.	 Allender S, Scarborough P, Peto V, et al. European cardiovascular 
disease statistics. Bruselas: European Heart Network; 2008. 

	 3.	 Mosca L, Barrett-Connor E, Wenger NK. Sex/gender differences 
in cardiovascular disease prevention: what a difference a decade 
makes. Circulation. 2011;124:2145–54. 

	 4.	 Goldstein JL, Brown MS. A century of cholesterol and coronaries: 
from plaques to genes to statins. Cell. 2015;161:161–72. 

	 5.	 Hernáez Á, Castañer O, Elosua R, et  al. Mediterranean diet 
improves high-density lipoprotein function in high-cardiovascu-
lar-risk individuals: a randomized controlled trial. Circulation. 
2017;135:633–43. 

	 6.	 Hadi A, Pourmasoumi M, Mohammadi H, et al. The impact of 
pycnogenol supplementation on plasma lipids in humans: a sys-
tematic review and meta-analysis of clinical trials. Phytother Res. 
2019;33:276–87. 

	 7.	 Simental-Mendía LE, Pirro M, Gotto AM Jr, et al. Lipid-mod-
ifying activity of curcuminoids: a systematic review and meta-
analysis of randomized controlled trials. Crit Rev Food Sci Nutr. 
2019;59:1178–87. 

	 8.	 Yu L, Zhou C, Luo Z, et al. The lipid-lowering effects of Danhong 
and Huangqi injections: a meta-analysis of clinical controlled tri-
als. Lipids Health Dis. 2018;17:106. 

	 9.	 Zou L, Zhang Y, Sasaki JE, et al. Wuqinxi Qigong as an alterna-
tive exercise for improving risk factors associated with metabolic 
syndrome: a meta-analysis of randomized controlled trials. Int J 
Environ Res Public Health. 2019;16:1396. 

	10.	 Igarashi Y, Nogami Y. Response of lipids and lipoproteins to regu-
lar aquatic endurance exercise: a meta-analysis of randomized 
controlled trials. J Atheroscler Thromb. 2019;26:14–30. 

	11.	 Wewege MA, Thom JM, Rye KA, et al. Aerobic, resistance or 
combined training: A systematic review and meta-analysis of 
exercise to reduce cardiovascular risk in adults with metabolic 
syndrome. Atherosclerosis. 2018;274:162–71. 

	12.	 Ostman C, Smart NA, Morcos D, et al. The effect of exercise 
training on clinical outcomes in patients with the metabolic syn-
drome: a systematic review and meta-analysis. Cardiovasc Dia-
betol. 2017;16:110. 

	13.	 Cui J, Yan JH, Yan LM, et al. Effects of yoga in adults with 
type 2 diabetes mellitus: a meta-analysis. J Diabetes Investig. 
2017;8:201–9. 

	14.	 OCEBM Levels of Evidence Working Group. The Oxford 2011 
levels of evidence. Oxford centre for evidence-based medicine. 
https​://www.cebm.net/index​.aspx?o=5653. Updated 1 May 2018. 
Accessed 24 Feb 2020.

	15.	 Shea BJ, Reeves BC, Wells G, et  al. AMSTAR 2: a critical 
appraisal tool for systematic reviews that include randomised or 
non-randomised studies of healthcare interventions, or both. BMJ. 
2017;358:j4008. 

	16.	 Jin X, Wang J, Li X, et al. Quality assessment of systematic 
review of the bariatric surgery for diabetes mellitus. J Diabetes 
Res. 2019;2019:9541638. 

	17.	 Perry R, Leach V, Davies P, et al. An overview of systematic 
reviews of complementary and alternative therapies for fibromyal-
gia using both AMSTAR and ROBIS as quality assessment tools. 
Syst Rev. 2017;6:97. 

	18.	 Moher D, Liberati A, Tetzlaff J, PRISMA Group, et al. Preferred 
reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. PLoS Med. 2009;6:e1000097. 

	19.	 Higgins JPT, Green S. Cochrane handbook for systematic reviews 
of interventions version 5.1.0. The Cochrane Collaboration; 2011.

	20.	 Alenazi AM, Alshehri MM, Hoover JC, et al. The effect of T’ai 
Chi exercise on lipid profiles: a systematic review and meta-anal-
ysis of randomized clinical trials. J Altern Complement Med. 
2018;24:220–30. 

	21.	 Lemes ÍR, Turi-Lynch BC, Cavero-Redondo I, et al. Aerobic train-
ing reduces blood pressure and waist circumference and increases 
HDL-c in metabolic syndrome: a systematic review and meta-
analysis of randomized controlled trials. J Am Soc Hypertens. 
2018;12:580–8. 

	22.	 Wen J, Lin T, Cai Y, et al. Baduanjin exercise for type 2 dia-
betes mellitus: a systematic review and meta-analysis of rand-
omized controlled trials. Evid Based Complement Altern Med. 
2017;2017:8378219. 

	23.	 Cai M, Zou Z. Effect of aerobic exercise on blood lipid and glu-
cose in obese or overweight adults: a meta-analysis of randomised 
controlled trials. Obes Res Clin Pract. 2016;10:589–602. 

	24.	 Huang XL, Pan JH, Chen D, et al. Efficacy of lifestyle interven-
tions in patients with type 2 diabetes: a systematic review and 
meta-analysis. Eur J Intern Med. 2016;27:37–47. 

	25.	 Chu P, Gotink RA, Yeh GY, et al. The effectiveness of yoga in 
modifying risk factors for cardiovascular disease and metabolic 
syndrome: a systematic review and meta-analysis of randomized 
controlled trials. Eur J Prev Cardiol. 2016;23:291–307. 

	26.	 Cramer H, Lauche R, Haller H, et al. Effects of yoga on cardiovas-
cular disease risk factors: a systematic review and meta-analysis. 
Int J Cardiol. 2014;173:170–83. 

	27.	 Pattyn N, Cornelissen VA, Eshghi SR, et al. The effect of exer-
cise on the cardiovascular risk factors constituting the metabolic 
syndrome: a meta-analysis of controlled trials. Sports Med. 
2013;43:121–33. 

	28.	 Malakou E, Linardakis M, Armstrong MEG, et al. The com-
bined effect of promoting the Mediterranean diet and physical 
activity on metabolic risk factors in adults: a systematic review 
and meta-analysis of randomised controlled trials. Nutrients. 
2018a;10:1577. 

	29.	 Zhang X, Devlin HM, Smith B, et al. Effect of lifestyle interven-
tions on cardiovascular risk factors among adults without impaired 
glucose tolerance or diabetes: a systematic review and meta-anal-
ysis. PLoS ONE. 2017;12:e0176436. 

	30.	 Igarashi Y, Akazawa N, Maeda S. Effects of aerobic exercise alone 
on lipids in healthy east Asians: a systematic review and meta-
analysis. J Atheroscler Thromb. 2019;26:488–503. 

	31.	 Costa RR, Buttelli ACK, Vieira AF, et al. Effect of strength 
training on lipid and inflammatory outcomes: systematic review 
with meta-analysis and meta-regression. J Phys Act Health. 
2019;16:477–91. 

https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
http://www.cebm.net/index.aspx?o=5653


253Physical Exercise and HDL-C Levels

	32.	 Zhang Y, Xu L, Zhang X, et al. Effects of different durations 
of aerobic exercise on the cardiovascular health in untrained 
women: a meta-analysis and meta-regression. J Sports Med Phys 
Fit. 2018;58:1525–36. 

	33.	 Zou Z, Cai W, Cai M, et al. Influence of the intervention of exer-
cise on obese type II diabetes mellitus: a meta-analysis. Prim Care 
Diabetes. 2016;10:186–201. 

	34.	 Hespanhol Junior LC, Pillay JD, van Mechelen W, et al. Meta-
analyses of the effects of habitual running on indices of health in 
physically inactive adults. Sports Med. 2015;45:1455–68. 

	35.	 Lin X, Zhang X, Guo J, et al. Effects of exercise training on car-
diorespiratory fitness and biomarkers of cardiometabolic health: 
a systematic review and meta-analysis of randomized controlled 
trials. J Am Heart Assoc. 2015;4:e002014. 

	36.	 Hartley L, Dyakova M, Holmes J, et al. Yoga for the primary pre-
vention of cardiovascular disease. Cochrane Database Syst Rev. 
2014;5:010072. 

	37.	 Hayashino Y, Jackson JL, Fukumori N, et al. Effects of supervised 
exercise on lipid profiles and blood pressure control in people with 
type 2 diabetes mellitus: a meta-analysis of randomized controlled 
trials. Diabetes Res Clin Pract. 2012;98:349–60. 

	38.	 Kodama S, Tanaka S, Saito K, et al. Effect of aerobic exercise 
training on serum levels of high-density lipoprotein cholesterol: 
a meta-analysis. Arch Intern Med. 2007;167:999–1008. 

	39.	 Kelley GA, Kelley KS. Aerobic exercise and lipids and lipopro-
teins in men: a meta-analysis of randomized controlled trials. J 
Mens Health Gend. 2006;3:61–70. 

	40.	 Cornelissen VA, Fagard RH. Effects of endurance training on 
blood pressure, blood pressure-regulating mechanisms, and car-
diovascular risk factors. Hypertension. 2005;46:667–75. 

	41.	 Kelley GA, Kelley KS, Tran ZV. Exercise, lipids, and lipoproteins 
in older adults: a meta-analysis. Prev Cardiol. 2005;8:206–14. 

	42.	 Kelley GA, Kelley KS, Tran ZV. Aerobic exercise and lipids and 
lipoproteins in women: a meta-analysis of randomized controlled 
trials. J Womens Health (Larchmt). 2004;13:1148–64. 

	43.	 Halbert JA, Silagy CA, Finucane P, et al. Exercise training and 
blood lipids in hyperlipidemic and normolipidemic adults: a 

meta-analysis of randomized, controlled trials. Eur J Clin Nutr. 
1999;53:514–22. 

	44.	 Murtagh EM, Nichols L, Mohammed MA, et al. The effect of 
walking on risk factors for cardiovascular disease: an updated 
systematic review and meta-analysis of randomised control trials. 
Prev Med. 2015;72:34–43. 

	45.	 Cramer H, Langhorst J, Dobos G, et al. Yoga for metabolic syn-
drome: a systematic review and meta-analysis. Eur J Prev Cardiol. 
2016;23:1982–93. 

	46.	 Yan JH, Gu WJ, Pan L. Lack of evidence on Tai Chi-related effects 
in patients with type 2 diabetes mellitus: a meta-analysis. Exp Clin 
Endocrinol Diabetes. 2013;121:266–71. 

	47.	 Kelley GA, Kelley KS. Impact of progressive resistance training 
on lipids and lipoproteins in adults: a meta-analysis of randomized 
controlled trials. Prev Med. 2009;48:9–19. 

	48.	 Kelley GA, Kelley KS, Vu TZ. Aerobic exercise, lipids and lipo-
proteins in overweight and obese adults: a meta-analysis of rand-
omized controlled trials. Int J Obes (Lond). 2005;29:881–93. 

	49.	 George ES, Marshall S, Mayr HL, et  al. The effect of high-
polyphenol extra virgin olive oil on cardiovascular risk factors: 
a systematic review and meta-analysis. Crit Rev Food Sci Nutr. 
2019;59:2772–95. 

	50.	 Alhassan A, Young J, Lean MEJ, et al. Consumption of fish and 
vascular risk factors: a systematic review and meta-analysis of 
intervention studies. Atherosclerosis. 2017;266:87–94. 

	51.	 Malakou E, Linardakis M, Armstrong MEG, et al. The com-
bined effect of promoting the mediterranean diet and physical 
activity on metabolic risk factors in adults: a systematic review 
and meta-analysis of randomised controlled trials. Nutrients. 
2018b;10:e1577. 

	52.	 Ruiz-Ramie JJ, Barber JL, Sarzynski MA. Effects of exercise on 
HDL functionality. Curr Opin Lipidol. 2019;30:16–23. 

	53.	 Moher D. Optimal strategies to consider when peer reviewing a 
systematic review and meta-analysis. BMC Med. 2015;13:274. 


	Which Physical Exercise Interventions Increase HDL-Cholesterol Levels? A Systematic Review of Meta-analyses of Randomized Controlled Trials
	Abstract
	Background 
	Objectives 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Protocol and PROSPERO Registration
	2.2 Selection Criteria
	2.3 Information Sources and Search
	2.4 Selection of Reviews
	2.5 Data Extraction
	2.6 Risk of Bias
	2.7 Statistical Analysis

	3 Results
	4 Discussion
	4.1 Summary
	4.2 Strengths and Limitations
	4.3 Comparison with the Existing Literature
	4.4 Implications for Research and Clinical Practice

	5 Conclusions
	Acknowledgements 
	References




