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Endothelial dysfunction is closely linked to the development of atherosclerosis. This systematic review and meta-analysis reviewed
the evidence on the effect of weight loss, achieved by dietary-based interventions, on biomarkers of endothelial function (EF). Two
databases (Medline, Embase) were searched from inception until November 2022 for studies that met the following criteria: 1) adult
subjects (= 18 years) without exclusion for health status, 2) dietary interventions for weight loss, and 3) measurements of changes in
EF biomarkers. Random-effect meta-analysis and meta-regression were performed. Thirty-seven articles including 1449 participants
were included in the systematic review. Study duration ranged from 3-52 weeks. Overall, weight loss significantly improved
biomarkers of EF [standardised mean difference (SMD):0.65; 95%Cl:0.49,0.81; P < 0.001;1> = 91.9%]. Subgroup analyses showed
weight loss significantly improved levels of E-selectin (P < 0.001), intercellular adhesion molecule-1 (ICAM-1) (P < 0.001), vascular cell
adhesion molecule-1 (VCAM-1) (P < 0.001), nitrite/nitrate (NOXx) (P < 0.001) and vascular endothelial growth factor (VEGF) (P < 0.001).
Conversely, there was no significant improvement for von Willebrand Factor (VWF). Meta-regression analysis revealed that changes
in EF biomarkers were not affected by age, BMI, quality of the studies or the amount of weight lost. A significant heterogeneity was
observed for the effects of weight loss on changes in EF biomarkers. Dietary-induced weight loss may be associated with
biomarkers changes indicating an improvement of EF, and it may represent a potential strategy to reduce atherosclerotic risk.
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INTRODUCTION
The endothelium plays a crucial role in maintaining vascular tone
and promoting an atheroprotective environment via the synthesis
and release of a multitude of vasoactive factors including for
example nitric oxide (NO) or endothelin [1]. Endothelial function is
typically assessed via measurement of flow-mediated dilation
using ultrasound [2]. However, this technique is highly dependent
upon the skill of the operator and it can be influenced by
physiological variations such as shear stimulus or health status of
the participant [2]. As an alternative, endothelial function can also
be assessed by measuring the circulating concentrations of
specific molecules which can give an indication of the integrity
of the endothelium [3]. A loss of endothelial integrity is linked to
an increased permeability, modification and trapping of circulat-
ing lipoprotein particles and inflammatory cells in the sub-
endothelial space favouring the initiation of the atherosclerosis
process [4]. Hence, endothelial dysfunction represents one of the
earliest detectable changes in the development of atherosclerotic
plaques and a significant risk factor for cardiovascular diseases [5].
Endothelial dysfunction is linked to increased levels of reactive
oxygen species (ROS), pro-inflammatory factors and a reduction
in NO bioavailability [6]. Increased generation of ROS has been

linked to increased expression of intracellular adhesion molecule-
1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) and
E-selectin [7], which are involved in the formation of athero-
sclerotic plaques [8]. Under inflammatory conditions, endothelial
cells are activated and release E-selectin and ICAM-1 [9]. Unlike
ICAM-1 and VCAM-1, E-selectin is expressed only on endothelial
cells. E-selectin attracts leukocytes to the site of injury where they
are able to exert their effects against the infection [10]. A
reduction in NO production, which occurs in endothelial
dysfunction, leads to the increased expression of ICAM-1,
VCAM-1, and E-selectin. One of the functions of VCAM-1 is to
allow for the attachment of monocytes and lymphocytes to the
endothelium and increased levels of VCAM-1 is thought to be an
indicator of endothelial dysfunction [11]. von Willebrand Factor
(VWF) has a key role in haemostasis and most plasma vWF is
produced from endothelial cells [3]. vVWF binds to factor VIIl which
is an essential blood clotting protein and upon injury to blood
vessels, it interacts with factor IXa in the coagulation cascade,
which eventually leads to thrombin cleaving fibrinogen into fibrin
to form the blood clot [12].

Obesity is a growing problem with worldwide obesity rates
almost tripling in the last few decades (WHO) [13]. Individuals
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living with obesity are more likely to be at risk of developing co-
morbidities such as hypertension and type 2 diabetes mellitus
[14]. Specifically, patients with excess visceral adipose tissue, are at
a greater risk of developing endothelial dysfunction which is
considered as a key early step in the pathogenesis of athero-
sclerosis, metabolic and vascular disorders [14, 15]. Weight loss
has been shown to have a beneficial impact on endothelium-
dependant vasodilation [16] and consequent reduction of several
co-morbidities including cardiovascular disease [17], type 2
diabetes mellitus [18, 19].

A previous systematic review and meta-analysis conducted in
2020 [20] looked at the effects of weight loss achieved by bariatric
surgery on biomarkers of endothelial function; the review found
reduced ICAM-1 and E-selectin but not VCAM-1 concentrations
after weight loss. It is possible that similar effects may occur with
more conservative weight reduction strategies, such as via dietary
intervention. However, this has not been systematically evaluated
to date. Therefore, this systematic review aimed to evaluate for the
first time the evidence on the effect of weight loss, achieved by
dietary-based weight loss interventions, on biomarkers of
endothelial function.

MATERIALS AND METHODS

This systematic review and meta-analysis was conducted accord-
ing to the Preferred Reporting Items for Systematic Review and
Meta-analyses (PRISMA) guidelines [21]. The review is registered
with PROSPERO: CRD42021284762.

Literature Search

Two databases (Medline and Embase) were searched to identify all
relevant studies from inception through to November 2022. The
primary search was carried out by the principal investigator (MS)
and restricted for English language, type of study and study
population (i.e., animals). Manual searching for further relevant
studies was also performed to identify any articles missed from the
initial search. Predefined search terms included ((Weight los* or
Calori* Restrict* or CR or fasting or dieting a or low calorie diet or
LCD or VLCD or time restricted eating) and (nitrate or nitrite or
endoglin or endocan or endothelial microparticles or angiopoietin
or von Willebrand factor or selectin or tissue plasminogen activator
or tPA or VWF or EMPs or endothelin or ET-1 or endothelial
progenitor cells or EPCs or vascular endothelial growth factor or
VEGF or Thromboglobulin or V-CAM or |-CAM or PECAM or
cadherin or nectin or endosialin or endomucin)).mp. [mp=ti, ab,
hw, tn, ot, dm, mf, dv, kf, fx, dg, nm, ox, px, rx, an, ui, syl. The search
algorithm is provided in the Online Supplementary Material.

Study selection

Studies were eligible for inclusion based on the following criteria:
1) the study design was a clinical intervention (randomised and
non-randomised) involving human subjects. No further exclusion
criteria were applied regarding whether the studies were placebo
controlled, double-blinded or crossover. Studies that had an
observational design were excluded; 2) the studies involved an
adult population aged =18 years with no further exclusion criteria
applied regarding health, smoking status or body size; 3) the
intervention in the studies involved weight loss achieved by
caloric restriction or caloric restriction combined with exercise
only with an appropriate control group. Studies involving weight
loss achieved by surgical or pharmacological methods were
excluded. No further exclusion criteria were applied regarding the
type of caloric restriction (e.g. intermittent fasting, very low-
calorie diet (VLCD) etc.) and 4) the outcome of the studies
reported changes in measurements of biomarkers of endothelial
function. If measurements of biomarkers were missing from either
the baseline or at the end of the study the article was excluded as
an effect size could not be calculated.
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Two reviewers independently (RM, ZA) screened the titles and
abstracts of the retrieved articles to assess eligibility for inclusion.
If consensus was reached between the two reviewers, articles
were moved to the next stage (full text screening). Full texts of the
selected articles were then critically appraised according to the
inclusion/exclusion criteria to develop the final list of articles to be
included in the systematic review and meta-analysis. If consensus
was not reached, differences were resolved by a third reviewer
(MS) at each stage.

Data extraction and quality assessment

Data extraction was completed by two independent reviewers
(RM, ZA) with a third reviewer (MS) checking for inaccuracies.
Information extracted included author, year of publication,
country, population (health status, age, baseline weight and
baseline BMI), study design, type of weight loss intervention,
duration of weight loss, amount of weight loss, biomarkers of
endothelial function that were measured and the change in
measurement of the endothelial biomarker from the start of the
study to the end. Information on any conflicts of interest was
also extracted. The quality of the included studies was assessed
using the modified Jadad scale with a total of 8 questions [22].
For every study, for each of the 8 questions, one point was
scored if the answer to the question was yes and 0 points were
scored if the answer was no. For the question about whether the
study had blinding, 0.5 points were scored if the study was
single blinded, and 1 point was scored if the study was double
blinded. Studies were described as poor quality if they scored
less than 3 points and a score greater > 3 was regarded as a high
quality trial [23].

Meta-analysis

The primary outcomes of the meta-analysis were changes in
concentrations of endothelial function biomarkers after weight
loss. Random effect models were applied to address the
heterogeneity related to differences in study design and applica-
tion of different biomarkers of endothelial function. In addition,
some studies used several biomarkers to assess changes in
endothelial function as reported in the summary tables. This may
lead to reduced independence of measurements and over-
estimation of the effect size derived from the meta-analysis.
These methodological aspects were considered in the analysis by
averaging the standardised effect sizes for each trial with the aim
of providing a more conservative estimate of the effect size. The
paired study design of cross-over studies was taken into account
for the calculation of the effect size. Forest plots were created to
summarise and illustrate the overall effects of weight loss on
changes in biomarkers of endothelial function. The meta-analysis
was conducted using Comprehensive Meta-Analysis software
(Version 2, Biostat, Engelwood, New Jersey). Results are described
as standardized mean differences (SMDs) and 95% confidence
intervals (95%ClI). If data were not available in the main text or in
tables, figures were used to extract the information.

Sensitivity analyses were performed to investigate whether
weight loss was associated with specific changes of single
biomarkers if reported in at least five independent studies. Data
was entered as original, non-standardised raw values to provide a
more meaningful assessment of the changes associated with
weight loss. A random-effect meta-regression model was applied
to examine the associations between effect sizes for overall
standardised endothelial function and age, BMI, Jadad quality
score and amount of weight lost. Funnel plots and - Egger’s
regression tests were performed to evaluate the publication bias
[24]. Heterogeneity was assessed by using Cochrane Q statistics;
P> 0.1 indicates significant heterogeneity. The I* test was utilised
to assess heterogeneity across trials where a value <25% indicates
low risk, 25-75% indicates moderate risk, and >75% indicates a
high risk [25]. Cohen’s kappa (k) coefficients were calculated to
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function, CR caloric restriction.

evaluate the inter-rater reliability between the two independent
reviewers during the titles and abstracts selection phase.

RESULTS

Search results

Figure 1 outlines the procedure for study selection. As shown,
the initial databases search identified 16,183 studies after
removal of 1375 duplicates. Title and abstract screening
identified 69 articles for full-text review of which 32 articles
were excluded (See Fig. 1 for the list of reasons). No additional
studies were identified which met the inclusion criteria. There-
fore, 37 studies were included in the review. Five of the
37 studies only had an abstract available [26-30] and therefore
these studies were not included the meta-analysis which
therefore was based on 32 studies. The two independent
reviewers showed a high degree of agreement during the titles
and abstracts selection (k =0.79, p < 0.001).

Study characteristics

Of the 37 studies included in the qualitative synthesis, there were a
total of 1449 participants with a median of 26.5 participants and a
range of 7-131 participants per study. In total, 21 of the studies were
randomised trials with 3 studies had a crossover design [27, 31-35].
Three studies did not state the mean age of the participants [27-29]
and 1 study only reported the age range of its participants, which was

European Journal of Clinical Nutrition (2023) 77:927 - 940

Flow diagram outlining the selection process of the studies included in the systematic review and meta-analysis. EF endothelial

35-63 years [36]. From the remaining studies, the overall median age
was 45.1 years with a range of 31-58 years. The duration of the
interventions ranged from 3 weeks to 52 weeks (Table 1). From the
37 studies, 27 looked at the impact of caloric restriction on obese
patients [26, 27, 29, 31, 33-58], 4 in patients with type 2 diabetes
mellitus (T2DM) [40, 41, 45, 53], 3 in patients with metabolic syndrome
[46, 48, 59] and 1 in postmenopausal women [44]. Multiple variations
of calorie restriction diets were used in the included papers ranging
from very low-calorie diets (VLCD) to the Mediterranean diet and low-
fat diets. Sixteen studies involved a LCD to achieve weight loss
[29, 30, 34, 36, 40-42, 44, 47, 49, 51, 52, 55, 59-61] while six studies
utilised a VLCD [26, 33, 35, 38, 45, 62] and another 4 studies used
either a low carbohydrate or low fat diet (or a combination of both)
[32, 53, 54, 57]. The majority of the studies measured the effects of
weight loss on the biomarker's ICAM-1 and the selectins (E-selectin
and P-selectin) [26, 28, 29, 32-34, 37-40, 42, 45-47, 51-54, 57, 58] with
12 studies measuring VCAM-1 [26, 33, 35, 37, 40, 42, 45-47, 54, 57, 58]
and 6 studies looking at NOx (nitrate+nitrite) [39, 55, 56, 59, 61, 62].
The number of studies investigating the effects of weight loss on each
individual biomarker of endothelial function is reported in Fig. S1 of
the online supplementary material. There was a high amount of
heterogeneity regarding the method used to measure specific
biomarkers of endothelial function. The most common method was
the use of enzyme-linked immunosorbent assays (ELISAs) with a total
of 16 studies using this procedure [32-37, 40, 42, 44-46,
51-53, 57, 58].
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Stugy name Subgroup within study Statistcs or esch study Staaittin means and 95% c1
st Stndara  Lowsr  Upper
in ror limit mit pvalve
Aizaden, 2010 NOx 048 o 0m  om  oow
Angeico, 2012 NOX 084 02 0w 1z oo
Berk 2016 Combined 062 006 050 07 000 =)
Brinkworth, 2010 Combined 0% 0l on  1m 000 [u
Culberg, 2012 VEGF 0z 0z 0m 0@ 03
Davis, 2011 Combined 060 015 040  0®m 000
Dugom, 2016 VEGF 076 o0 0% 0% 000
Eger, 2014 Combined 022 007 008  0® o002
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Fig. 2 Forest plots displaying the effects of weight loss on overall and individual biomarkers of endothelial function. Overall results are
showed as standardised differences in means (SMDs) and 95% confidence intervals (Cl) and positive SMDs indicate an improvement in
endothelial function (A). Data in the forest-plots for the individual biomarkers were reported as difference in means and the direction of the
effect indicates the changes observed in the raw values for each biomarker following weight loss (B-F). ICAM-1, intercellular adhesion
molecule-1; VCAM-1,vascular cell adhesion molecule-1; NOx, nitrite/nitrate; vVWF, von Willebrand Factor. The overall effect size of weight loss
on biomarkers of endothelial function (EF) was standardised to account for differences in units of measurements between biomarkers and
combined in studies that measured multiple biomarkers of EF (see methods for more details).

Meta-analysis

Overall, after meta-analysis of the 32 studies, weight loss
significantly improved biomarkers of endothelial function [stan-
dardised mean difference (SMD): 0.65; 95%Cl:0.49,0.81; P < 0.001;
Fig. 2A]. There was significant heterogeneity among the studies
(7 =91.9%, P<0.001).

Seventeen studies described the effect of weight loss on the
biomarker intercellular adhesion molecule-1 (ICAM-1) [32-35,
37-40, 42, 45-47, 51, 53, 54, 57, 58]. Meta-analysis of these
studies indicated a significant decreased in levels of ICAM-1 (mean
difference: -18.9 ng/mL; 95% Cl: —23.8, —13.9; P<0.001; Fig. 2B
and Table S1 of the online supplementary material). A total of
11 studies examined the effect of weight loss on E-selectin
[37-40, 42, 46, 47, 52-54, 57]. Meta-analysis of these studies
revealed a significant decrease in levels of E-selectin (mean
difference: —7.9 ng/mL; 95% Cl: -5.9, —10.0; P < 0.001; Fig. 2C and
Table S1 of the online supplementary material).

The meta-analysis also found a significant change in levels of
VCAM-1 (mean difference: —23.4ng/mL; 95% Cl: —0.1, —46.5;
P=0.04, Fig. 2D and Table S1 of the online supplementary
material), nitrite/nitrate (NOx) (mean difference: 5.21 uM/L; 95% Cl:
2.68, 7.74; P<0.001 Fig. 2F and Table S1 of the online
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supplementary material) and vascular endothelial growth factor
(VEGF) (mean difference: —22.90 pg/mL; 95% Cl: —28.19, —17.63;
P <0.001, Table S1 of the online supplementary material). Weight
loss did not have a significant effect on the levels of VWF (mean
difference: —7.7%; 95% Cl: —18.4, +2.8; P=0.15; Fig. 2E and
Table S1).

Study quality and publication bias

Overall, the quality of the included studies was moderate with risk
of bias scores ranging from 1-7 with a median of 3 (Table S2 of the
online supplementary material). Nealy half (47%) of the studies
had a total score of <3 [26-30, 32, 36-38, 43, 51, 55, 58-60, 62],
indicating poor quality and a high risk of bias. Fifteen studies were
rating as having high quality with scores >3 [31, 33-35,
41, 44-49, 53, 54, 57, 61]. Of the 37 studies, 23 reported a
randomisation procedure [27-29, 31-35, 40-42, 44-50,
52-54, 56, 61]. Only 9% of reported the approach used to assess
adverse effects [45, 53, 57]. Upon visual inspection of the funnel
plot (Fig. S2 of the online supplementary material), there were
15 studies with wider effect estimates and publication bias
was subsequently confirmed by the Egger's regression test
(P=10.02).
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Meta-regression analysis

The meta-regression analysis showed that there was no significant
association between the overall effect size with age (P=0.31), BMI
(P=0.10), Jadad quality score (P =0.74) or the amount of weight
lost (P =0.54).

DISCUSSION

This review assessed the effect of weight loss, achieved by dietary-
based interventions, on biomarkers of endothelial function.
Overall, weight loss significantly improved levels of E-selectin,
ICAM-1, NOx, VCAM-1 and VEGF. However, there was no
significant improvement in levels of vWF.

The effect of weight loss on endothelial function were
previously investigated in a previous meta-analysis which found
a significant increase in flow mediated dilation by 3.29% after an
average weight loss of 8.6 kg [63]. Another systematic review and
meta-analysis [20] observed an improvement in levels of ICAM-1
and E-selectin following weight loss achieved by bariatric surgery.
These results agree with changes in ICAM-1 and E-selectin
observed in this review. Here we found that weight loss
significantly improved levels of VCAM-1. However previous studies
testing the effect of weight loss on VCAM-1 have conflicting
results. While Seyyedi et al. [20] reported no improvement in
VCAM-1 levels after weight loss, other studies have reported a
decrease in levels of VCAM-1 [64, 65]. However, the study by
Seyyedi et al. used bariatric surgery as a weight loss strategy and
therefore results may be not comparable to the effects reported in
this meta-analysis due to the potential effect of the surgical
procedures on circulating levels of VCAM-1.

Adhesion molecules such as ICAM-1, VCAM-1 and E-selectin
play a significant role in inflammation [66]. While their usual
function is to bind to leukocytes and play a part in the process of
leukocyte extravasation [67], they can also play a crucial role in
endothelial dysfunction and the pathogenesis of atherosclerosis
[68]. During inflammation, these adhesion molecules become
upregulated leading to increased leukocyte migration across the
vessel wall [69]. The process of leukocyte migration is key in the
development of atherogenesis and adhesion molecules expressed
on the surface of endothelial cells are central to this process by
causing damage to the endothelium and mediating the leukocyte
migration [70]. The exact mechanism by which weight loss
reduces levels of adhesion molecules is uncertain [20, 71]. One
possible mechanism may be through the increase in NO
availability. This review found that weight loss achieved by calorie
restriction significantly increased levels of NOx (nitrate plus
nitrite), which are the end products of the metabolism of nitric
oxide (NO) [72]. In a study by Marfella et al. [73], the impact of
increased NO availability on adhesion molecules was investigated
in diabetic patients. Following L-arginine supplementation, the
substrate for NO, it was found that levels of ICAM-1 in the plasma
subsequently decreased. The results of this study suggest NO
availability has a mechanistic link with adhesion molecules [74].
Therefore, as weight loss significantly increases NO levels, as
shown here, it is possible that this accounts for one of the
mechanisms through which levels of adhesion molecules decrease
following weight loss. Another possible mechanism through
which weight loss may decrease cell adhesion molecules could
be through the effect on insulin secretion and sensitivity. Previous
studies have shown the beneficial impact of weight loss on insulin
secretion and sensitivity [75-77]. There is also a relationship
between insulin resistance and cell adhesion molecules. In a study
by Chen et al. [78], the link between insulin resistance and E-
selectin, ICAM-1 and VCAM-1 was investigated in healthy
individuals. The presence of a correlation between insulin
resistance with both ICAM-1 and E-selectin was observed. Hence,
it is possible that this accounts for one of the mechanisms through
which adhesion molecule levels improve following weight loss.
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A significant improvement in levels of VEGF following a period
of weight loss was observed. VEGF plays a critical role in
angiogenesis, the process in which new blood vessels are formed,
beginning in utero and continuing to take place throughout life
[79]. The generation, migration and formation of an endothelial
cell tube structure occurs in the early steps of angiogenesis with
the process kickstarting under hypoxic conditions where tissues
sense the low levels of oxygen and require new blood vessel
formation to meet their relevant metabolic needs [79, 80]. Tio et al.
[81] showed that, following treatment with VEGF gene therapy,
upregulation of the endothelial gene NO synthase was discovered,
reducing endothelial dysfunction. This is likely due to the
subsequent increased production of NO and its relevant
vasodilatory effects. However, Inoue et al. [82] concluded that
higher levels of VEGF may have a deleterious effect. Compared to
normal coronary arteries, the study found that coronary arteries
which contained atherosclerotic plaques contained consistently
higher levels of VEGF and there was also a substantial level of
VEGF mRNA present in the atherosclerotic plagues. A possible
reason for this may be due to the fact that higher levels of VEGF
causes increased and excessive proliferation of endothelial cells
and abnormal thickening of the carotid intima-media, which itself
is a predictive marker for atherosclerosis [83]. The present review
found that weight loss decreased VEGF levels on average by
22.9 pg/ml. These results are in line with other studies [84, 85].

No significant improvement in VWF was found following a
period of weight loss. This is in line with the findings of the studies
included in the meta-analysis with only 2 out of the 6 studies
observing a significant improvement in levels of vWF. One of the
6 studies in the meta-analysis had an unusually large effect size
[39], initially suggesting this may be the reason for the
insignificant result. However, upon removal of this study from
the meta-analysis, it was found there was still no significant
improvement in VWF levels (p = 0.14, data not shown), indicating
that the study with the large effect size was not the sole reason for
the overall result. In a study by Primrose et al. [86], the effects of
weight loss, achieved by bariatric surgery, on measurements of
fibrinolytic and haemostatic factors including VWF was assessed.
The study noted no significant changes in levels of vVWF following
the intervention period. While these results agree with results
obtained in this review, it is important to note the small sample
size of 19 patients in the study.

Strengths and limitations

To our knowledge, this is the first systematic review and meta-
analysis looking at the effects of dietary-based weight loss
interventions on the biomarkers of endothelial function. This
study utilised a total number of 1449 participants from 37 studies.
The large sample size achieved supports the reliability and validity
of the results obtained. The health status of the participants
ranged from healthy to metabolically impaired (i.e, morbid
obesity, type 2 diabetes mellitus and metabolic syndrome), thus
increasing the representativeness of the results. Studies also
applied different weight loss strategies indicating an overall
consistency of the beneficial effects of weight loss on endothelial
function biomarkers.

There were some limitations. Although each study used calorie
restriction as the primary method of weight loss, multiple studies
included exercise as a secondary method of achieving weight loss.
This is likely to have affected the results obtained for these studies
as it is difficult to estimate how much of the improvements in the
biomarkers were due to calorie restriction only and not exercise.
Nonetheless, certain studies included two participant groups: a
group undergoing calorie restriction only and a group doing
calorie restriction combined with exercise. For these studies,
results were only extracted from the group undergoing calorie
restriction exclusively. There was also significant heterogeneity
across the studies likely due to the differences in study design,
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baseline weight and BMI, study duration, health status of the
participants and gender distributions. Further, studies with a short
duration [26, 43, 58, 61] are likely to have not occurred for long
enough to notice a significant change in biomarker levels whereas
studies with a very long duration [37, 44, 54] are likely to have
experienced a greater change in results compared to studies of an
average duration. The calculation of the standardised means of
the changes in endothelial function biomarkers allowed the
evaluation of the effect of weight loss on a combined estimate of
different markers of endothelial function. This approach may have
limitations related to the different functional roles that biomarkers
may have within the endothelium. However, a similar approach
has been also used in other studies, which have showed a
significant association of the compositive scores of endothelial
function markers with measures of cardiovascular risk and
mortality [87-89]. There was inconsistent reporting across studies
on macronutrient composition of the diets and composition of
weight lost (i.e., proportion of body mass lost as fat and lean)
which did not allow for an investigation of their association with
effect size. Changes in insulin and inflammatory markers could be
causal mediators of the links between weight loss and changes in
endothelial markers; however, the lack of consistent reporting
across studies of data on these markers did not allow for an
investigation of their potential mediating roles. Overall, the quality
of the included articles was moderate. However, it should be
noted that blinding is often difficult to achieve in studies that deal
with a dietary intervention as it is often impractical to conceal
from the participants. The high heterogeneity and significant
publication bias may demand for a cautious interpretation of the
findings, which could be attributed to differences in study design
and populations, weight loss approaches and methods to measure
EF biomarkers.

CONCLUSIONS

The present systematic review and meta-analysis revealed that
diet-induced weight loss may improve biomarkers of endothelial
function, but the effects may require further verification given the
high heterogeneity and bias present across studies. More research
is required into recently discovered endothelial function biomar-
kers such as endothelial microparticles and endothelial
progenitor cells.
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