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Background. Obesity is related to dyslipidemia and increased circulating oxidated LDL (ox-LDL) concentrations that may predispose
to atherosclerosis. Bariatric surgery may lower the risk of cardiovascular mortality. Elevated plasma ox-LDL has been associated with
atherogenesis and atherosclerotic cardiovascular disease (ASCVD) events. The aim of this meta-analysis was to investigate the impact
of bariatric surgery on proatherogenic circulating ox-LDL levels in patients with severe obesity. Methods. Four databases were
systematically searched from inception to May 1, 2021. Also, to clarify the heterogeneity of studies with regard to treatment
duration, research design, and the demographic features, a random-effects model and the generic inverse variance weighting
approach were utilized. To determine the association with the estimated effect size, a random-effect meta-regression approach was
performed. Finally, a meta-regression analysis was conducted to explore the influence of, respectively, baseline and changes in body
mass index (BMI), baseline ox-LDL, and postsurgery follow-up period with the estimated effect size of surgery on ox-LDL levels.
Results. Meta-analysis of 11 studies including 470 subjects showed a significant decline in circulating ox-LDL following bariatric
surgery (SMD: -0.971, 95% CI: -1.317, -0.626, p < 0:001, I2: 89.43%). The results of meta-regression did not show any significant
association between the changes in ox-LDL after bariatric surgery and baseline BMI, duration of follow-up or baseline ox-LDL
values. However, there was a significant association between ox-LDL alteration and percentage of BMI change. Conclusion.
Bariatric surgery in patients who had severe obesity causes a decrease of circulating ox-LDL that was apparently dependent
in BMI changes.

Hindawi
Oxidative Medicine and Cellular Longevity
Volume 2021, Article ID 4136071, 13 pages
https://doi.org/10.1155/2021/4136071

https://orcid.org/0000-0002-8656-1444
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/4136071


1. Introduction

Obesity is a major risk factor for impaired glucose tolerance,
insulin resistance, and type 2 diabetes mellitus, particularly
atherosclerotic cardiovascular disease (ASCVD) [1]. Obesity
is associated with atherogenic dyslipidemia, low-grade
inflammation, and an overall prothrombotic state [2–4].
Dyslipidemia, and especially elevated plasma low-density
lipoprotein (LDL) cholesterol, is a pivotal risk factor for
atherosclerosis [5]. It is well established that atherogenesis
begins with endothelial dysfunction or damage. When LDL
particles rich in cholesterol are present in plasma in larger
quantities, they permeate through the altered endothelium
into the subendothelial space entering the intima. Once this
occurs, the LDL particles are oxidized by reactive oxygen
species (ROS) and modified into oxidated LDL (ox-LDL)
[6, 7]. Ox-LDL particles are strong ligands for macrophage
scavenger receptors (CD36, SR-AI/II, and SR-BI) allowing
them to enter macrophages and transform them into foam
cells [8]. Foam cells, when piled up, appear macroscopically
as fatty streaks which are an important step towards fibro-
lipid atherosclerotic plaques build-up. Therefore, it is not
surprising that increased circulating ox-LDL levels are linked
to clinical ASCVD events [9].

Bariatric surgery is a durable and effective therapeutic
approach in severely obese individuals. Most endocrinology
societies recommend surgical therapy for individuals with
BMI ≥ 40 kg/m2 or for those with a BMI ranging from 35 to
39.9kg/m2 and comorbidities who may benefit from weight
reduction, as well as for severe obese individuals with a BMI
30.0–34.9kg/m2 and poorly controlled type 2 diabetes mellitus.
The most common types of bariatric surgery are sleeve gastrec-
tomy (SG), Roux-en-Y gastric bypass (RYGP), one anastomosis
gastric bypass/mini gastric bypass (OAGB/MGB), laparoscopic
adjustable gastric band (LAGB), and biliopancreatic diversion/
duodenal switch (BPD/DS) [10].Weight loss following bariatric
surgery can lower ASCVD risk as well as ensuing mortality in
severely obese individuals [11–15].

Since severe obesity is associated with dyslipidemia and
increased LDL oxidation that may predispose to atheroscle-
rosis and its ominous consequences, it would be important
to verify if bariatric surgery would reduce oxidative stress.

Therefore, the aim of this systematic review and meta-
analysis was to establish the effect of bariatric surgery on
levels of circulating ox-LDL.

2. Methods

2.1. Search Strategy. This systematic review and meta-
analysis were done based on the 2009 preferred reporting
items for systematic reviews and meta-analysis (PRISMA)
guidelines [16]. PubMed, Embase, Scopus, and Web of
Science were searched from inception to May 1, 2021, using
keywords in abstracts and titles (also in combination with
MESH terms) as follows: (“bariatric surgery” OR gastro-
plast∗ OR “gastric bypass” OR “Roux-en-Y” OR “gastric
band” OR “biliopancreatic diversion” OR gastrectom∗ OR
“duodenal switch” OR “gastrointestinal diversion” OR
gastroenterostom∗ OR “jejunoileal bypass” OR “obesity

surgery” OR “weight loss surgery” OR “weight-loss surgery”
OR “bariatric procedure” OR “sleeve surgery” OR “metabolic
surgery”) AND (“oxidized low density lipoprotein” OR
“oxidized LDL” OR “OxLDL” OR “ox-LDL” OR “oxidized
Low-Density Lipoprotein” OR “minimally modified oxidized-
LDL” OR “MM-LDL” OR “MMLDL” OR “malondialdehyde-
low density lipoprotein” OR “malondialdehyde low density
lipoprotein” OR “MDA-LDL” OR “MDALDL”).

2.2. Study Selection. For inclusion, only original peer-
reviewed studies written in English language were consid-
ered. All forms of bariatric surgery procedures were taken
into account. Articles must have reported circulating ox-
LDL before and after surgery. The exclusion criteria were
only abstracts, letters, case reports, comments, meta-analy-
ses, duplicate studies, animal studies, reviews, non-English
papers, studies with no surgical intervention, and studies
without outcomes.

2.3. Data Extraction. Following the removal of duplicate
research, two independent authors reviewed the abstracts
and titles of the remaining papers for inclusion. The whole
texts of the applicable studies were collected. When two
papers with the same research purpose were published by
the same organization and/or authors, the study published
more recently with a larger sample size was included. Any
differences were discussed by authors. The following data
was gathered from studies which were eligible for inclusion:
(1) the name of the first author, (2) the year of publication,
(3) the type of surgery, (4) the study design, (5) the charac-
teristics of the patients, (6) oxidized LDL levels, and (7) the
period of follow-up.

2.4. Quality Assessment. The Newcastle-Ottawa scale (NOS)
was performed to evaluate the study quality in this meta-
analysis [17]. Three features of each eligible study are taken
into account for this scale: (1) the selection of the studied
patients (4 items), (2) the comparability of the studied pop-
ulations (1 item), and (3) the ascertainment of the exposure
(3 items) in case-control studies or outcome of interest in
cohort studies.

2.5. Quantitative Data Synthesis. Meta-analysis was per-
formed using Comprehensive Meta-Analysis (CMA) V2
software (Biostat, NJ) [18]. Information regarding sample
size, means, and standard deviations from each group were
extracted to calculate the standardized mean differences
(SMDs). SMD was applied since several different assays were
utilized to determine plasma ox-LDL levels. Random-effects
meta-analysis was used to get overall estimate of effect size.
Postoperative mean and SD were used to calculate the final
effect size. To clarify the heterogeneity of studies regarding
treatment duration, design of study, and the characteristics
of the studied populations, a random-effects model (owing
to interstudy heterogeneity) and the generic inverse variance
weighting method were utilized [16]. Clinical heterogeneity
was judged by study locations and recruited populations,
methods applied for ox-LDL assay, baseline ox-LDL values,
and differences in biochemical parameters among studied
populations. Statistical heterogeneity was appraised by I2
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Records identified through
database searching include
pubmed (12), scopus (27),

embase (38), web of science (16)
(n = 93)

Records a�er duplicates removed
(n = 43)

Records screened
(n = 43)

Full-text articles assessed
for eligibility

(n = 11)

Studies included in the
systematic review and

meta-analysis
(n = 11)

Excluded (n = 32)
review articles (n = 10)
not meeting inclusion

criteria (n = 17)
insufficient data

(n = 5)
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Figure 1: Flow chart of included studies.

Table 2: Quality of bias assessment of the included papers in accordance with the Newcastle-Ottawa scale.

Study Selection Comparability† Exposure

Case
definition

Representativeness
of the cases

Selection
of controls

Definition
of controls

Comparability
of cases and
controls

Ascertainment
of exposure

Same
method of

ascertainment

Nonresponse
rate

Ho et al.
2021

— — — — — ∗ — —

Carmona-
Maurici et al.
2020

— ∗ — — — ∗ — —

Coimbra
et al. 2019

— — — ∗ — ∗ — —

Gómez-
Martín et al.
2018

— — — — ∗ ∗ — —

Kelly et al.
2016

— — — — — ∗ — —

Van der
Schueren
et al. 2015

— — — ∗ ∗ ∗ — —

Müller-Stich
et al. 2015

— — — — — ∗ — —

Martín-
Rodríguez
et al. 2014

— — — — — ∗ — —

Julve et al.
2014

— — — — — ∗ — —

Garrido-
Sánchez et al.
2008

— ∗ — ∗ — ∗ — —

Uzun et al.
2004

— — — — — ∗ — —

†Only for comparability a maximum of two stars can be given.

5Oxidative Medicine and Cellular Longevity



index and Cochrane’s Q test. The mean and standard devia-
tion were calculated using the method described by Hozo
et al. if the outcome measures were reported as median
and range (or 95 percent confidence interval (CI)) [19].
When only standard error of the mean (SEM) was supplied,
SD was calculated using the following formula: SD = SEM
sqrt ðnÞ, where “n” denotes the number of participants. A
sensitivity analysis using the leave-one-out approach was
carried out to explore the impact of each study on the overall
effect size (i.e., deleting one study each time and repeating
the analysis) [20, 21].

2.6. Meta-Regression. A meta-regression analysis was carried
out to investigate the impact of, respectively, baseline and
changes in BMI, baseline ox-LDL and duration of postsur-
gery follow-up with the estimated effect size of surgery on
ox-LDL concentrations.

2.7. Subgroup Analysis. A subgroup analysis was conducted
to investigate the impact of follow-up duration (≥12 months
and <12 months) with the estimated effect size of surgery on
ox-LDL concentrations.

2.8. GRADE Scoring. We used the grade of recommenda-
tions, assessment, development, and evaluation (GRADE)
approach to assess the strength of evidence for each outcome
[22]. To summarize the findings for each outcome, the
GRADEpro GDT software was used. We assigned four
points to each outcome and then evaluated factors that
reduced the quality of the evidence. For each outcome,
points were reduced based on the presence of the following;
the overall RoB for each study, inconsistency (significant
heterogeneity), indirectness (significant differences in the
population, comparisons, and outcomes), and imprecision
(the size of the cohort, width, and significance of the confi-
dence intervals (CIs)). As a result, we classified the evidence
into four groups depending on the aggregate GRADE ratings
for each intervention: high-grade evidence (at least 4 points),
moderate grade evidence (3 points), low-grade evidence
(2 points), and very low-grade evidence (1 point).

2.9. Publication Bias. In the meta-analysis, the funnel plot
was used to realize the presence of publication bias. Hence,
Begg’s rank correlation and Egger’s weighted regression tests
were often performed to help publication bias detection.
When asymmetry in the funnel plot was found, potentially
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Figure 2: (a) Forest plot which displays weighted mean difference and 95% confidence intervals for the influence of bariatric surgery on ox-
LDL. (b) Leave-one-out sensitivity analyses for the influence of bariatric surgery on ox-LDL.
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missing studies were inserted using the “trim and fill”
method. In the event of a significant result, the “fail-safe
N” approach was used to compute the number of potentially
missing studies required to make the p value nonsignificant.
This is another sign of publishing bias [23].

3. Results

A thorough database search identified 93 published papers, 43
of which were directly connected to the issue of this study.
After careful consideration, 32 studies were excluded:10
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Follow up duration Std diff
in means

Standard
error Variance Lower

limit
Upper
limit z-value p-value

<12
<12
<12
<12
<12
> = 12
> = 12
> = 12
> = 12
> = 12
> = 12
> = 12
> = 12
> = 12
> = 12
> = 12
> = 12
> = 12

<12

Overall

Meta analysis

Martin-Rodriguez 2014 a
Martin-Rodriguez 2014 b

Julve et al, 2014
Vander Schueren et al, 2015

Muller-Stich et al, 2015
Kelly et al, 2016

Gomez-Martin et al, 2018 a
Gomez-Martin et al, 2018 b

Coimbra et al, 2019
Carmona-Maurici et al, 2020 b
Carmona-Maurici et al, 2020 a

Ho et al, 2020

Uzun et al, 2004 a
Uzun et al, 2004 b

Garrido-Sanchez et al, 2008 a
Garrido-Sanchez et al, 2008 b
Garrido-Sanchez et al, 2008 c

–1.279
–0.810
–1.055
–0.429
–1.620
–0.808
–0.029
–3.878
–8.994
–0.811
–0.182
–0.939
–0.477
–0.331
–1.484
–1.336
–0.310
–0.322
–1.091
–0.882 –1.121

–1.561
–0.644
–0.728
–1.924
–2.173
–0.793
–0.764
–0.465
–0.624
–1.317

–11.158
–4.889

–1.086
–1.098
–0.887
–1.589
–1.215
–1.855

–0.284

–0.642
–0.622
–0.000
–0.109
–0.747
–0.795
–0.130
–0.190
–0.413
–0.259
–0.306
–6.830
–2.867

–0.530
–0.141
–0.029
–0.521
–0.404
–0.702

–0.226

–7.219
–4.554
–1.960
–1.451
–4.450
–4.221
–1.406
–3.258
–3.498
–0.809
–3.148
–8.146
–7.516

–5.693
–2.538
–1.835
–3.875
–3.913
–4.346

–0.221

0.294
0.207
0.272
0.234
0.244
0.142
0.130
0.516
1.104
0.258
0.225
0.268
0.146
0.236
0.352
0.300
0.213
0.164
0.240
0.122 0.000

0.000
0.050
0.147
0.000

0.160
0.001
0.000

0.002
0.418

0.000
0.000
0.825
0.000
0.011
0.067
0.000
0.000
0.000

0.000

0.015
0.057
0.027
0.046
0.090

0.056
0.021
0.072

0.066
0.051

1.219
0.266
0.017
0.020
0.060
0.055
0.074
0.043
0.087

0.124

5.75–5.75–11.50 0.00 11.50

Favours reduction Favour elevation

Figure 3: Subgroup analysis to assess the influence follow up duration in ox-LDL alteration.

Table 3: Grade assessment.

Summary of findings:

Effect of bariatric surgery on circulating levels of oxidized low-density lipoproteins in obese patients

Patient or population: obese patients
Setting: -
Intervention: bariatric surgery
Comparison: -

Outcome no. of participants (studies)
Relative effect
(95% CI)

Anticipated absolute
effects (95% CI) Certainty

What
happens

Difference

Ox_LDL levels (ox-LDL) assessed with: ELISA/Mercodia/
immunodiagnostic/OxiSelect follow-up: range 6 months to
7 years no. of participants: 470 (11 observational studies)

—
The mean ox-

LDL levels were 0
— 0 (0 to 0)

⨁⨁◯◯
Lowa,b,c

∗The risk in the intervention group (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).
CI: confidence interval

GRADE working group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate
of effect.
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Figure 4: Continued.
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studies were reviews, 17 studies did not meet the inclusion
criteria, and 5 studies did not disclose enough data. As a result,
11 studies which evaluated the levels of ox-LDL after bariatric
surgery were included (Table 1). The study selection proce-
dure was indicated in Figure 1.

3.1. Quality Assessment of the Included Studies. All selected
studies showed insufficient information for case definition,
and most of them had lack of information for representa-
tiveness of the cases. Because most of the studies did not
include a control group, they were not evaluated for
selection of controls, definition of controls, comparability,

the same method of ascertainment, and nonresponse rate.
However, all studies which included met the ascertain-
ment of exposure criteria. Table 2 shows the details of
quality assessment.

3.2. Assay Methods. In most of the included studies, serum
ox-LDL was assessed using enzyme-linked immunosorbent
assay (ELISA) method. Nine studies used Mercodia ox-
LDL kit (Mercodia, Uppsala, Sweden) [24–28, 30, 31, 33,
34], one study used immunodiagnostic system (Boldon,
UK) [32], and one study used OxiSelect MDA-LDL-
Quantitation kit (Cell Biolabs Inc., San Diego, USA) [29].

Regression of followup on std diff in means
0.00

–2.00

–3.00

–4.00

–5.00

–6.00

–7.00

–8.00

–9.00

–10.00

–1.00

–1.80

Follow up

St
d 

di
ff 

in
 m

ea
ns

7.56 16.92 26.28 35.6 45.00 54.36 63.72 73.08 82.44 91.80

(c)
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Figure 4: Random-effects meta-regression to assess the influence of % BMI change (a), baseline BMI (b), follow-up duration (c), and
baseline oxLDL levels (d) on the estimated effect size.
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3.3. Effect of Bariatric Surgery on Circulating Concentrations
of Oxidized LDL. Meta-analysis of 11 publications including
470 subjects demonstrated a significant reduction of circu-
lating ox-LDL following bariatric surgery (SMD: -0.971,
95% CI: -1.317, -0.626, p < 0:001, I2: 89.43%) (Figure 2(a)).
In the leave-one-out sensitivity analysis, the reduction in
circulating ox-LDL was robust (Figure 2(b)) (low-grade
evidence, Table 3).

3.4. Subgroup Analysis. A subgroup analysis was also per-
formed based on follow-up duration (≥12 months and <12
months). Subgroup analyses demonstrated significant reduc-
tion of circulating ox-LDL following bariatric surgery in
both follow-up periods (≥12 months p < 0:001 and <12
months p < 0:001). However, this analysis did not show sig-
nificant associations between follow-up duration and change
in ox-LDL levels (p = 0:309) (Figure 3).

3.5. Meta-Regression. Random-effects meta-regression was
used to assess the effect of potential confounders on the ox-
LDL reducing effect of bariatric surgery. The results did not
designate any significant association between the changes in
ox-LDL and baseline BMI (slope: 0.018; 95% CI: -0.041,
0.078; p = 0:549), follow-up duration (slope: -0.007; 95% CI:
-0.028, 0.012; p = 0:444) or baseline ox-LDL (slope: 0.00005;
95% CI: -0.00005, 0.00016; p = 0:324). However, there was a
significant association between changes in ox-LDL and
percentage of BMI change (slope: 0.069; 95% CI: 0.003,
0.135; p = 0:039) (Figures 4(a)–4(d)).

3.6. Publication Bias. Egger’s linear regression test
(intercept = −7:534, standard error = 0:93; 95%CI = −9:535,
-5.533, t = 8:026, df = 15, two-tailed p < 0:001) and Begg’s
rank correlation test (Kendall’s Tau with continuity
correction = −0:801, z = 4:49, two-tailed p < 0:001) indicated
the presence of publication bias in this meta-analysis of bar-
iatric surgery effects on circulating ox-LDL. Trim-and-fill
analysis revealed that among all included papers in meta-
analysis, there could be five missing studies. The “fail-safe
N” test showed that 817 missing studies were required to
reduce the effect size to a nonsignificant (p < 0:001) value
(Figure 5).

4. Discussion

The results of this meta-analysis revealed a substantial
decrease of circulating ox-LDL after bariatric surgery. Of
importance, the results of meta-regression did not reveal
any significant relationship between the changes in baseline
BMI, duration of follow-up or baseline ox-LDL value, and
ox-LDL after bariatric surgery. However, there was signifi-
cant association between the changes in ox-LDL after bariat-
ric surgery and percentage of BMI change.

Some authors have tried to explain the beneficial effect of
bariatric surgery on ASCVD by decreasing not only body
weight, oxysterols, and ox-LDL but also by decreasing plas-
minogen activator inhibitor-1 (PAI-1), which is elevated in
extremely obese patients and by decreased proliferation of
vasa vasorum [35]. Bariatric surgery is a well-documented
technique for weight loss can have numerous favorable con-

sequences, such as rise in GLP-1 and its potential function in
the metabolism including remission of T2DM [36]. Further-
more, bariatric surgery may be a useful therapy for people
who have cardiovascular risk factors [37]. Also, bariatric sur-
gery decreases oxidative stress parameters and glycoproteins
and increases antioxidant enzymes paraoxonase-1 and cata-
lase as well, which supports the idea that this procedure
decreases oxidation of lipoproteins thus having antiathero-
genic effects [34, 35].

Others have tried to explain the beneficial effect of bariatric
surgery, besides reducing oxysterols and ox-LDL, by increasing
not only HDL-cholesterol but also the number of larger HDL
particles which are more atheroprotective and reducing the
number of small HDL particles which are less protective [9].
Bariatric surgery, apart from decreasing ox-LDL, also reduces
the levels of triglycerides and often decreases the number of
LDL particles with a decreased proportion of smaller, more
atherogenic LDL particles [38]. Already two decades ago, it
has been proposed that small dense LDL particles confer
greater risk for atherosclerosis and ASCVD than large, buoyant
LDL particles, which might be attributed to the greater oxida-
tive vulnerability of small dense LDL [39].

BMI is an indicator of general obesity and demonstrates
significant associations with CVDs and ASCVD risk factor.
However, as previously suggested, our data support a direct
relationship between the magnitude of improvement in car-
diovascular risk factors and the amount of BMI reduction
[40]. These consequences may be related to positive correla-
tion between change in serum LDL—as a marker of cardio-
vascular status—and change in BMI [41]. Furthermore,
weight loss-induced LDL reduction might decrease the
circulating level of the substrate (i.e., LDL particles) for
oxidation, and this could partially account for reduction in
the generation of ox-LDL [42]. Also, some think that waist
circumference, which has been shown to be associated with
elevated ASCVD risk, is a better indicator of abdominal
obesity [43]. The others suggest that waist-to-hip ratio is
even better for measuring abdominal obesity, and it has been
proven that this measure corresponds with ASCVD [44].
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Figure 5: Funnel plot which displays publication bias in the studies
reporting the influence of bariatric surgery on oxidized LDL.
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The favorable effects of bariatric surgery are most likely
to be multifactorial [45]. It should be highlighted that weight
reduction is not always required to see improvements in
some of with ASCVD risks. Indeed, there is considerable
evidence to imply that bariatric surgery may cause changes
in oxidative stress, inflammation, and adipokines via non-
weight loss pathways [28].

Also, this rather surprising issue that bariatric surgery
can improve markers of cardiovascular disorders among
patients with severe obesity as long as body fat mass is redis-
tributed or replaced by muscle mass independent of signifi-
cant weight loss needs further investigation.

This study has some advantages. One of them is that this
is the first meta-analysis trying to establish the effect of bar-
iatric surgery on circulating ox-LDL in patients with severe
obesity. Further investigations should focus on this premise.
This meta-analysis has some limitations as well. The studies
which were included had an overall relatively small number
of patients. Also, there is heterogeneity in types of operations
performed, with known differences in metabolic effects
between operations. Also, the methods for measuring ox-
LDL concentrations in some studies included in this meta-
analysis were different and might have explained heteroge-
neity in our findings. Besides, the quality of the evidence
which was evaluated with GRADE approach was low. Addi-
tionally, the time intervals and follow-up compliance are not
known in some of the reported studies.

In conclusion, bariatric surgery seems to cause a decrease
of circulating ox-LDL which is associated with percentage of
BMI change, baseline BMI, duration of follow-up, or baseline
ox-LDL value. Future studies may focus on the potential neu-
rohormonal effects that could contribute to this reduction,
both dependent and independent of weight loss factors.

Data Availability

There is not any raw data associated with this review article.

Additional Points

Key Points. (i) Obesity is related to increased circulating oxi-
dated LDL (ox-LDL) and atherosclerotic risks. (ii) Bariatric
surgery may lower the risk of cardiovascular mortality. (iii)
Bariatric surgery in severely obese causes a decrease of circu-
lating ox-LDL.
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