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Abstract

Background Low-fat diets have gained considerable attention in the management of obesity. The present meta-
analysis evaluated randomized controlled trials (RCTs) to determine whether adults adhering to low-fat diets (<30%
of total energy intake) experience more significant changes in serum adipokine levels compared to those following
high-fat diets.

Main text : A comprehensive search was conducted in PubMed, Scopus, Web of Science, and CENTRAL for eligible
RCTs up to February 4, 2025. Weighted mean differences (WMD) were calculated and pooled using a random-effects
model. Forty-eight trials were included in this study. The meta-analysis found no significant effects of low-fat diets on
serum leptin (WMD=0.06 ng/ml; 95% Cl: -0.33, 0.45; P=0.76; 1> = 64.57%), resistin (WMD = -0.67 ng/ml; 95% Cl:-1.52,
0.17; P=0.12; I* = 86.53%), or adiponectin (WMD=0.07 ng/ml; 95% Cl:-0.29, 0.43; P=0.76; I>=90.29%). Subgroup
analysis showed a significant decrease in adiponectin levels among females (n=4;, WMD = -0.47 ng/ml; P=0.02; 12

= 0%). However, low-fat diets with higher protein content increased adiponectin levels (n=3; WMD=1.78 ng/ml;
P<0.001; I> = 0%). Sensitivity analysis revealed that excluding the study by Heggen et al. (2012) resulted in a significant
reduction in serum resistin levels (WMD =-0.93 ng/ml; P=0.04, 1 = 86.9%).

Conclusions Low-fat diets may have beneficial effects on resistin levels. Additionally, low-fat diets with higher
protein content may increase adiponectin levels. However, due to the uncertainty of the available evidence, firm
conclusions cannot be drawn. Further high-quality research is needed to confirm these findings.
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Introduction

Obesity has emerged as a global epidemic, present-
ing a significant public health challenges [1]. The World
Health Organization (WHO) defines it as the excessive
fat accumulation that presents a risk to health [2]. Adi-
pokines, bioactive molecules secreted by adipose tissue,
play a cnetral role in regulating key physiological pro-
cesses, including energy balance, inflammation, insulin
sensitivity, and lipid metabolism [3]. These molecules
act as crucial signaling mediators, enabling communica-
tion between adipose tissue and other organs to main-
tain metabolic homeostasis [4]. In the context of obesity,
adipose tissue hypertrophy and hyperplasia alter adipo-
kine secretion patterns, contributing to insulin resis-
tance, chronic low-grade inflammation, and disruptions
in lipid metabolism [3]. The pathophysiology of obesity
multifactorial, involving complex interactions among
genetic, environmental, and lifestyle factors [5]. Among
these, dietary habits play a critical role in both the onset
and management of obesity [6]. Various dietary strategies
have been proposed to combat obesity, with low-fat diets
being one of the most commonly adopted approaches
[7]. The underlying rationale is that reducing dietary fat
can help lower overall energy intake, promote weight
loss, and improve obesity-related metabolic markers [8].
However, the effects of different dietary compositions on
metabolic outcomes remain inconsistent. For instance,
a systematic review of randomized controlled trials
(RCTs) found that high-protein, low-fat diets did not sig-
nificantly affect anthropometric measurements in over-
weight and obese individuals compared to low-protein,
high-fat diets [9].

In contrast, low-fat diets have demonstrated poten-
tial in modulating inflammation and improving insulin
sensitivity in individuals with overweight and obesity.
Adipokines are considered potential mediators in the
complex interplay between dietary intake and metabolic
disorders. Several clinical trials have examined the rela-
tionship between low-fat diets and adipokine levels. For
example, a study by Arvidsson et al. reported that a low-
calorie, low-fat diet significantly increased circulating
adiponectin levels in adults with overweight and obesity,
indicating a possible reduction in chronic inflammation
[10]. However, not all findings are consistent. Research
by Cornier et al. found that leptin levels decreased in
both low-fat and high-fat diet groups during weight loss,
regardless of macronutrient composition [11].

Although low-fat diets are commonly recommended
for weight loss and improving metabolic outcomes,
inconsistencies in the literature underscore the need for
further investigations, particularly regarding their influ-
ence on adipokines. To address these gaps, we conducted
a systematic review and meta-analysis of RCTs to evalu-
ate the effects of low-fat diets compared to high-fat diets
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on adipokine levels. This analysis aims to enhance our
understanding of the potential role of low-fat diets in
managing obesity and associated metabolic disorders.

Methods

This systematic review and meta-analysis were conducted
in accordance with the Cochrane Handbook for System-
atic Reviews of Interventions guideline [12]. The results
are reported following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [13]. The review protocol was registered with
PROSPERO (CRD42020188745).

Literature search

We conducted a comprehensive search of electronic
databases including PubMed, Scopus, Web of Science,
and CENTRAL from inception to February 4, 2025.
Advanced search strategies were employed using vari-
ous combinations of free-text terms and Medical Subject
Headings (MeSH) related to both low-fat diets and circu-
latory adipokines. No restrictions were applied regarding
publication year or language. The detailed search strate-
gies are provided in Supplementary Table 1. In addition,
the reference lists of previously published relevant meta-
analyses were manually screened to identify any trials
that may have been missed during the electronic search.

Eligibility criteria

Articles were independently assessed for eligibility by
three reviewers (FM, KT and AH). Any discrepancies
were resolved by the chief investigator.

Randomized controlled trials (parallel or cross-over
design) conducted in adults were included if they com-
pared the effects of a low-fat diet—defined as provid-
ing<30% total energy intake from fat or less than 67 g
of fat per 2000 kcal—with a control diet providing>31%
total energy intake from fat, on serum or plasma levels
of leptin, adiponectin, resistin and other circulatory adi-
pokines. Studies were excluded if they had a follow-up
duration of less than one month, lacked sufficient data
to estimate mean changes in outcomes, or exhibited a
clear deviation from the intervention (defined as a fol-
low-up rate below 70%). Trials in which co-interventions
(e.g., lifestyle modifications) were not balanced between
groups were also excluded. Inter-reviewer agreement was
assessed using Cohen’s kappa statistic, with values >0.90
considered acceptable. To evaluate concordance, half of
the eligible publications were randomly selected, and
rankings from both abstract and full-text screening stages
were compared, yielding a kappa coefficient of 0.90.

Data extraction, study quality, and certainty of evidence
Data were extracted independently by three authors
(SS, OT, and ZS) and included the following: [1] study
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information (first author, study location, year of publica-
tion, RCT design, and intervention duration); [2] partici-
pant characteristic (age, sex, health status, and number of
participants per group); [3] detailed descriptions of the
intervention and control diet prescriptions; [5] co-inter-
ventions (such as calorie restriction or physical activity
programs); and [6] serum adipokine levels—mean and
standard deviation (SD) at baseline and at the end of the
intervention, or mean change and SD. Serum adipokine
concentrations were analyzed in mg/dL; data reported in
other units was converted accordingly using appropriate
conversion factors. In cases where multiple publications
reported on the same study, the version with the largest
sample size was included. When studies reported out-
comes at multiple time points, the data from the longest
follow-up period were selected. For studies with more
than one eligible intervention arm (e.g., two types of low-
fat diets), the arms were combined and treated as a single
intervention group.

The methodological quality of included RCTs was
assessed using the Revised Cochrane Risk-of-Bias Tool
for Randomized Trials (RoB 2) [14]. This assessment
evaluated five key domains:

bias arising from the randomization process, deviations
from intended interventions, incomplete outcome data,
measurement of outcomes, and selection of the reported
results. Due to the nature of dietary interventions, most
trials did not blind participants or investigators. How-
ever, this lack of blinding was considered unlikely to
affect the measurement of laboratory outcomes.

The certainty of evidence was assessed using the Grad-
ing of Recommendations, Assessment, Development,
and Evaluation (GRADE) framework [15], which reflects
the degree of confidence that the estimated effect is
close to the true effect. The certainty was downgraded
if serious concerns were identified in any of the follow-
ing domains: risk of bias (defined as 250% of contribut-
ing studies having a serious risk of bias), inconsistency
(substantial heterogeneity across studies, indicated by
I? >50%), imprecision (assessed using a minimally con-
textualized approach, with the null value as the decision
threshold), and publication bias (evidence of small study
effects). Downgrading for indirectness was not applied,
as the populations, interventions, and comparators were
considered sufficiently comparable across the included
studies.

Statistical analysis

The primary effect size was calculated as the mean dif-
ference in serum adipokine levels (follow-up minus base-
line) between participants assigned to low-fat versus
high-fat diets. When the variance of paired differences
was not reported, the SD of the mean difference was
imputed using correlation coefficients, as recommended
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by the Cochrane Handbook for Systemic Review [16].
Correlation coefficients were derived from studies that
reported SDs for baseline, final, and net changes: 0.75 for
leptin, 0.82 for adiponectin, and 0.63 for resistin. Given
the potential variation in study design and methodol-
ogy, pooled estimates were calculated using a random-
effects model (DerSimonian and Laird method) [12]. We
assessed the presence of heterogeneity using the Cochran
Q test, and I? statistic was used to quantify the extent
of heterogeneity. Predefined subgroup analyses were
planned based on sex, study duration, study design, geo-
graphical location, macronutrient composition (protein
and carbohydrate content), health status, study quality,
and the presence of calorie restriction or physical activity
programs. However, some subgroup analyses could not
be conducted due to insufficient data. Sensitivity analy-
ses were performed by sequentially removing individual
studies from the main analysis to assess their influence
on the overall effect size. Publication bias was evaluated
visually using funnel plots and statistically using Egger’s
and Begg’s tests. All analyses were conducted using Stata
software 17.0 (StataCorp).

Results

The initial search strategy identified 1127 publications,
of which 518 were removed as duplicates (Fig. 1). After
screening the titles and abstracts, 211 articles were
selected for full text review. Following this evaluation,
171 studies were excluded for the following reasons:

Animal study (n=1), both groups were low-fat (n=9),
both groups were high-fat (n=2), conducted in athletes
(n=1), duplicate population (n=9), inappropriate study
design (n=10), meal pattern study (n=1), conference
abstract (z=1), irrelevant outcome (n=111), deviation
from the intervention (# =4), short duration of interven-
tion (n=5), absence of the intended intervention (n=7),
insufficient data for analysis (r =8), and lack of a washout
period in cross-over design (1 =2).

Moreover, four publications from the PRIDIMED
study were excluded due to a high deviation from the
intervention protocol (greater than 40%) (Supplemen-
tary Table 2). An additional eight papers were identified
and included after updating the search strategy. In total,
48 eligible RCTs met the eligibility criteria and were
included in the meta-analysis to assess the effects of low-
fat versus high-fat diets on serum adipokine levels: adipo-
nectin (n=34) [10, 17-48], leptin (n=39) [10, 11, 17-21,
25-29, 33-37, 39-46, 48—61], and resistin (n=11) [17,
19-21, 26, 27, 35, 37, 42, 43, 62]. The inter-reviewer reli-
ability, assessed using Cohen’s kappa statistic, was 0.95,
indicating an excellent level of agreement during both the
abstract and full-text screening stages.

The characteristics of the included studies are sum-
marized in Table 1. The included studies were published
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Fig. 1 PRISMA Flow Diagram of Study Selection

between 2000 and 2023. Most were conducted in Euro-
pean countries (n=20) [10, 11, 19-26, 31, 36, 37, 39, 42,
49, 52, 53, 58, 59], and the United States (n=16) [18, 27,
29, 38, 40, 43-45, 50, 51, 55-57, 60—62]. Others were car-
ried out in Asian countries (#="7), and Australia (#=5).
The majority of the trials used a parallel-group design
(n=41) [10, 11, 17-33, 35, 37-44, 46-50, 52, 53, 55,
56, 59-62], while the remaining employed a crossover
design. Participants included both sexes in most studies
(n=37) [10, 18-32, 35-40, 42-47, 49, 51-54, 57, 59-65],
with a smaller number of studies conducted exclusively
females (n=7) [10, 11, 34, 41, 48, 50, 56, 66, 67], or males
(n=4) [17, 33, 55, 58]. The intervention durations varied
widely, ranging from 4 to 416 weeks. Regarding partici-
pant health status, most studies included overweight or
obese individuals without other health conditions (7 =31)
[18-23, 25, 27, 29, 30, 32, 3639, 43, 45-47, 49, 51, 57, 59,
62]; others involved obese individuals with metabolic dis-
orders (n=9) [17, 24, 26, 34, 35, 41, 44, 53, 61], or patients
with metabolic syndrome or/and diabetes (n=4) [31, 42,
52, 54]. Two studies included healthy normal-weight par-
ticipants (n=2) [28, 40, 46, 66], while one study was con-
ducted in patients with knee osteoarthritis and another
in those with dyslipidemia.

Methodological quality and certainty of evidence

Of the 48 included studies, six were assessed as having
a low risk of bias [24, 31, 35, 43, 46, 53], while 28 stud-
ies were rated as having some concerns [10, 11, 17-21,
23, 26, 28-30, 33, 36, 39-41, 47, 49, 51, 52, 54, 56-58,
60-62] and 14 studies were deemed to have a high risk
of bias [22, 25, 27, 32, 34, 37, 38, 42, 44, 45, 48, 50, 55,
59] (Supplementary Table 3). The primary sources of bias
weredeviation from intended interventions and miss-
ing outcomes, which are common challenges in dietary
intervention studies due to the impossibility of partici-
pant blinding. Six studies were specifically rated as high
risk of bias for incomplete outcome data [22, 25, 38, 45,
50], due to imbalanced missing data between groups and
the absence of intention-to-treat analyses. Additionally,
many studies did not report details on random sequence
generation or allocation concealment, contributing to
concerns about selection bias. According to the GRADE
assessment ( Supplementary Table 4), the overall cer-
tainty of the evidence was rated as low for serum adipo-
nectin and leptin, and very low for serum resistin. These
ratings reflect downgrades due to concerns related to risk
of bias, imprecision, or inconsistency.
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Meta-analysis
Adiponectin
A total of 34 trials (comprising 3,793 participants)
reported the effects of a low-fat diet on serum adipo-
nectin levels compared with a high-fat diet [10, 17-48].
Pooled analysis showed no significant overall effect
(WMD=0.07 ng/ml; 95% CI: -0.29,043; I*=90.29%;
P-heterogeneity < 0.001), indicating substantial between-
study variability (Fig. 2).

Subgroup analysis based on the study location and the
protein content of the low-fat diet significantly reduced
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heterogeneity (Supplementary Table 5). Specifically, stud-
ies conducted in females, showed a significant decrease
in adiponectin levels (n=4; WMD= -0.47 ng/ml; 95%
CL-0.85, -0.08; P=0.02; ’=0; P-heterogeneity=0.44).
Conversely, in studies where the low-fat diet had a higher
protein content (n=3), serum adiponectin levels signifi-
cantly increased (n=3; WMD =1.78 ng/ml; 95% CI: 0.95,
2.61; P<0.001; I*=0%; P-heterogeneity=0.09) (Supple-
mentary Table 5).

Study WMD [95% Cl) Weight (%)
Arvidsson, 2004 -+ 1.80[ -1.11, 4.71) 1.18
Cardillo, 2006 —_— -1.29[ -7.47, 4.89] 0.31
De Luis, 2008 (combined) —_— -0.07[ -5.10, 4.96) 0.46
De Luis, 2012 (comined) —_— -1.68[ -6.77, 3.41] 0.45
De Luis, 2016 -0.05[ -1.25, 1.15] 3.40
Due, 2008 (combined) — -4.01[ -7.61, -0.42] 0.83
Frisch, 2009 -040[ -1.13, 0.33) 4.47
Goldenshluger, 2021 | 1.20[ 057, 1.82) 4.72
Haufe, 2011 -0.43[ -1.00, 0.14] 4.84
Heggen, 2012 - -1.10[ -2.43, 0.23] 3.13
Hu, 2015 = -1.34[ -2.33, -0.34] 3.86
Izadi, 2018 * 0.07[ -0.25, 0.39] 5.29
Juanola-Falgarona, 2013 -0.30 [ -12.90, 12.29] 0.08
Keogh, 2008 L 0.10[ -0.43, 0.63] 4.93
Maiorino, 2016 || 200[ 171, 2.29] 5.33
Mayr, 2019 E 3 -2.02[ -3.32, -0.72) 3.19
Mohammadi Zadeh, 2018 (combined 24 weeks) —- 2.03[ 0.39, 3.68) 2.53
Rajaie, 2013 —81- -1.22[ -3.85 1.41) 1.38
Reddy, 2023 — -1.10[ -7.68, 5.48] 0.28
Rolland, 2011 | | 166 0.80, 2.52) 4.17
Ruth, 2013 -0.58[ -1.17, 0.01] 4.79
Salwa, 2012 —a— 342 0.33, 6.51] 1.07

Shai, 2008 (combined)
Song, 2016 (combined)
Tabesh, 2013

Theodore NG, 2007
Tierney, 2011 (combined)
Varady, 2011

Vetter, 2010

Von Frankenberg, 2017
Wan, 2017 (combined 24 weeks)
Wycherley, 2010

Youssef, 2015 (combined)

0.25[ -0.33, -017)  5.51
046 -1.07, 0.16] 474
-0.49[ -0.89, -0.10)  5.18
058 -0.11, 127] 458
0.32[ 004, 060] 534
1.36[ -043, 3.15]  2.30
1.70[ -3.65, 7.05]  0.41

0.70[ -0.99, -041] 534
1 0.05[ -0.50, 0.60] 4.88

i

Overall

Heterogeneity: 1° = 0.60, I* = 90.29%, H* = 10.30
Test of 8, = 8;: Q(32) = 329.72, p = 0.00
Testof 6=0:z=0.39, p=0.70

- 1.80[ -1.55, 5.15]  0.94
0.85[ -9.73, 11.43]  0.11
0.07[ -0.29, 0.43]
10 0 10

Random-effects DerSimonian-Laird model

Fig. 2 Effect of Low-Fat Diet vs. High-Fat Diet on Serum Adiponectin Levels Forest plot displaying the Weighted Mean Difference (WMD) and 95%
confidence intervals (Cls) for the effect of a low-fat diet compared to a high-fat diet on serum adiponectin levels (measured in ng/mL). Each study is
represented by a square, with its size proportional to its weight in the meta-analysis. The diamond represents the pooled effect estimate, with its width
indicating the confidence interval. A positive WMD favors the low-fat diet, suggesting an increase in adiponectin levels
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Leptin 33-37, 39-46, 48-61]. The pooled analysis showed no
Thirty-nine trials including a total of 3911 participants, significant effect of low-fat diets on serum leptin con-
examined the effects of a low-fat diet on serum leptin lev-  centrations (WMD=0. 06 ng/ml; 95% CI: -0.33, 0.45;
; PP=64.57%; P-heterogeneity<0.001) (Fig. 3).

els compared with a high-fat diet [10, 11, 17-21, 25-29, P=0.76

Study WMD [95% ClI) Weight (%)
Arvidsson, 2004 —_— -3.20 [ -19.26, 12.86) 0.06
Bradley, 2009 —_— 3.20[ -7.35, 13.75] 0.13
Brehm, 2003 e 3.07[ -0.78, 6.92] 0.94
Cardillo, 2006 —— -1.29[ -7.47, 4.89] 0.38
Cornier, 2005 (Insulin resistant) -1 16.00 [ -2.50, 34.50] 0.04
Cornier, 2005 (Insulin sensitive) — -10.00 [ -19.19, -0.81] 0.18
De Luis, 2008 (combined) -16.33 [ -29.72, -2.95] 0.08
De Luis, 2012 (combined) -12.63 [ -23.51, -1.75) 0.13
De Luis, 2016 o -0.05[ -1.39, 1.29] 4.79
Ebbeling, 2012 (combined) e 295[ -1.71, 7.61) 0.66
Fava, 2013 (overall combined) — -4.87 [ -10.94, 1.20) 0.40
Gepner, 2017 (combined) L 2 0.61[ -1.52, 2.74] 2.57
Haufe, 2012 - 3.20[ -0.43, 6.83] 1.04
Heggen, 2012 - -0.23[ -3.31, 2.85) 1.39
Hu, 2015 +— 4.40[ -1.95, 10.75] 0.36
Izadi, 2018 0.07[ -0.29, 0.43] 10.14
Juanola-Falgarona, 2013 -0.30 [ -12.90, 12.29) 0.09
Komiyama, 2003 0.27[ -0.38, 0.92) 8.49
Lovejoy, 2003 (combined) -0.79[ -3.12, 1.55] 222
Miller, 2008 220 -2.74, 7.14) 0.59
Mohammadi Zadeh, 2018 (combined 24 weeks) -1.42[ -4.66, 1.83] 1.27
Petrisko, 2020 (combined) 4.59[ -0.94, 10.12] 0.47
Pieke, 2000 -0.10[ -0.41, 0.21) 10.38
Rajaie, 2013 — -13.82[ -20.75, -6.89] 0.31
Reddy, 2023 — -1.10[ -8.56, 6.36] 0.27
Rolland, 2011 -14.60 [ -27.08, -2.12) 0.10
Salwa, 2012 e 342 -0.84, 7.68] 0.78
Saris, 2000 (combined) -1.61[ -3.35, 0.13] 3.44
Shai, 2008 (combined diet ; 045 0.29, 0.61] 10.90
Song, 2016 (combined) —r -3.80[-10.67, 3.07) 0.31
Strath, 2019 (combined diet) — 4.09[-14.61, 22.78] 0.04
Tabesh, 2013 -049( -0.89, -0.10] 9.97
Theodore NG, 2007 : 0.58[ -0.23, 1.39] 7.50
Tierney, 2011 (combined) - -1.18[ -4.02, 1.67) 1.60
Varady, 2011 — -4.00[ -9.92, 1.92] 0.42
Vetter, 2010 —r -260[ -8.20, 3.00] 0.46
Volek, 2009 16.00[ 3.82, 28.18] 0.10
Von Frankenberg, 2017 1.50[ 0.57, 2.43] 6.78
Wan, 2017 (combined) : -0.05[ -0.53, 0.43] 9.49
Youssef, 2015 (combined) —. -1.98( -6.33, 2.38) 0.74
Overall 0.06 [ -0.33, 0.45]

Heterogeneity: 1° = 0.35, I = 64.57%, H* = 2.82
Test of 8, = 6;: Q(39) = 110.08, p = 0.00
Testof 8=0:2=0.30, p=0.76

40 20 0

Random-effects DerSimonian-Laird model

20

40

Fig. 3 Effect of Low-Fat Diet vs. High-Fat Diet on Serum Leptin Levels Forest plot illustrating the WMD and 95% Cls for the impact of a low-fat diet versus
a high-fat diet on serum leptin levels (measured in ng/mL). Each study is represented by a square, with its size proportional to its weight in the meta-
analysis. The diamond represents the pooled effect estimate, with its width indicating the confidence interval. A positive WMD favors the low-fat diet,

suggesting an increase in leptin levels



Soltani et al. Diabetology & Metabolic Syndrome (2025) 17:152

Page 10 of 14

Author, Year WMD [95% CI] Weight (%)
Heggen, 2012 HIlF 1.42[ -0.03, 2.87) 11.41
Hu, 2015 | 0.40[ -0.17, 097] 1598
Igbal, 2005 —&— -245[ -542, 0.52] 5.50
Mohammadi Zadeh, 2018 (combined) —a— -0.40[ -4.06, 3.26) 4.07
Reddy, 2023 — -4.90[-15.21, 541) 0.65
Rolland, 2011 ———t+———— 110 -8.34, 10.54] 0.77
Tierney, 2011 (combined) B -4.30[ -5.37, -3.24) 13.52
Varady, 2011 -6.80 [ -13.34, -0.26] 1.52
de Luis, 2008 (combined) -0.32[ -0.67, 0.03] 16.72
de Luis, 2012 (combined) E -0.14[ -0.47, 0.20] 16.75
de Luis, 2016 0.30[ -0.84, 1.44)] 13.12
Overall 4 -0.67[ -1.52, 0.17)
Heterogeneity: 1° = 1.08, I = 86.53%, H’ = 7.42
Test of 6, = 8;: Q(10) = 74.23, p = 0.00
Testof 8=0:2=-1.56,p=0.12

-20 -10 0 10

Random-effects DerSimonian-Laird model

Fig. 4 Effect of Low-Fat Diet vs. High-Fat Diet on Serum Resistin Levels Forest plot summarizing the WMD and 95% Cls for the influence of a low-fat
diet relative to a high-fat diet on serum resistin levels (reported in ng/mL). Study-specific estimates are shown as squares, weighted according to their
precision, while the overall effect estimate is represented by a diamond. A positive WMD favors the low-fat diet, suggesting an increase in resistin levels

This finding remained consistent across various sub-
groups (Supplementary Table 6).

Resistin

Eleven studies (with a total of 1972 participants) evalu-
ated the effects of a low-fat diet on serum levels of resis-
tin compared to a high-fat diet [17, 19-21, 26, 27, 35, 37,
42, 43, 62]. The pooled analysis revealed no significant
difference between the two dietary approaches (WMD=
-0.67; 95% CIL: -1.52, 0.17; P=0.12; I?=86.53%; P-het-
erogeneity <0.07) (Fig. 4). This finding remained consis-
tent across different subgroup analyses (Supplementary
Table 7). Obesity status and participants’ underlying
health conditions were identified as significant sources of
heterogeneity.

Sensitivity analysis and publication Bias
Sensitivity analysis demonstrated that excluding the
study by Heggen et al. (2012) resulted in a statistically
significant reduction in serum resistin levels following
a low-fat, indicating that this study may have influenced
the overall effect estimate (WMD = -0. 93 ng/ml; 95% CL:
-1.82, -0.05; P=0.04; I*=86.9%; P-heterogeneity < 0.001).
Further sensitivity analyses, excluding studies with either
high risk or some concerns of bias, revealed a significant
increase in serum adiponectin levels following low-fat
diets (WMD=1.09 ng/ml; 95% CIL: 0.33, 2.14; P=0.04;
I =89.89%; P-heterogeneity <0.001).

In contrast, the results for serum leptin levels remained
unchanged across sensitivity analyses, supporting the
robustness and consistency of the findings.

Funnel plot assessments also revealed no evidence of
publication bias for adiponectin (Begg’s test, P=0.55;
Egger’s test, P=0.48), leptin (Begg’s test, P=0.49; Egger’s
test, P=0.27), or resistin (Begg’s test, P=0.75; Egger’s
test, P=0.23) in the comparison of low-fat versus high-fat
diets.

Discussion

Overall, our pooled analysis found no significant effect
of low-fat diets on serum levels of adiponectin, leptin,
or resistin. However, serum resistin levels showed a sig-
nificant reduction in sensitivity analysis, suggesting the
overall result may have been influenced by specific stud-
ies. Subgroup analysis revealed a significant increase in
adiponectin levels in studies incorporated higher protein
content within the low-fat diet group. Conversely, a sig-
nificant decrease in adiponectin was observed in studies
conducted exclusively in female participants.

To the best of our knowledge, this is the first system-
atic review and meta-analysis to investigate the effects
of low-fat diets on circulating adipokine levels. Previous
meta-analyses have examined the association between
plant-based diets [68] or vegetarian diets [10] and adipo-
kines, but none reported statistically significant effects.
Additionally, two meta-analyses have evaluated the
impact of low-carbohydrate diets (LCDs) on adiponectin
levels yielding contradictory findings [69, 70], which may
be attributed to inconsistent definitions of LCD across
studies.

Adiponectin is one of the most important adipokines,
known for its cardioprotective, anti-inflammatory, hypo-
glycemic, and hypolipidemic properties [71-73]. Its
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levels are influenced by several factors, including body
weight, dietary intake, age, sex, and ethnicity. An inverse
relationship between adiponectin concentration and
body weight is well established [74—76]. Under eucaloric
conditions, the detrimental effects of high-carbohydrate
diets on adiponectin may be partly due to their associa-
tion with greater weight gain [77]. In contrast, protein-
rich diets have been shown to benefit adiponectin levels,
likely through enhanced satiety and greater weight loss
[78], consistent with our subgroup findings.

Although inadequate data prevented us from directly
examining the association between weight change and
adipokines concentrations, a subgroup analysis based
on calorie restriction showed no significant effect. While
calorie restriction may not have resulted in substantial
weight loss in the included studies, previous research
suggests that adiponectin levels can change indepen-
dently of weight loss, particularly through inflammatory
pathways that influence adiponectin expression [79-81].
Moreover, redistribution of adipose tissue depots with-
out changes in total body weight has also been associated
with alterations in adiponectin levels [82]. For example,
Turer et al. reported that individual with greater fat
storage in the lower body exhibited higher adiponectin
concentrations compared to those with predominantly
central (trunk) fat accumulation [83]. The observed
reduction in adiponectin among female participants may
be explained by gender-specific differences in fat distri-
bution [84, 85]. Moreover, adiponectin is associated with
sex hormones [86, 87], which may partially explain why
women generally have higher adiponectin concentrations
than men.

Moreover, we observed a significant decrease in resistin
levels following low-fat diets after excluding the study by
Heggen et al. (2012), suggesting that this study may have
influenced the overall effect. is an adipokine involved in
insulin resistance, dysglycemia and systemic inflamma-
tion [88, 89]. Given that o significant effects were found
in calorie-restricted subgroups, he observed reduction in
resistin appears to be more closely related to reductions
in inflammation rather than weight loss. Furthermore,
resistin levels decreased significantly in studies involv-
ing participants with metabolic syndrome and diabetes—
populations characterized by elevated oxidative stress
[90, 91] and higher baseline resistin levels [92, 93]. Previ-
ous research has shown that low-fat diets can reduce sys-
temic inflammatory markers [94] and that resistin levels
decline in response to reduced inflammation [95-97].

The present study has several strengthens. To the best
of our knowledge, it is the first systematic review and
meta-analysis of RCTs to assess the effect of low-fat
diets on adipokine levels. We employed a comprehensive
search strategy across multiple databases without restric-
tions on language or publication date to ensure inclusion
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of all relevant studies. In addition, subgroup and sensitiv-
ity analyses were conducted to explore potential sources
of heterogeneity. Moreover, only studies with a follow-up
duration of at least one month were included, and com-
parisons were limited to isocaloric low-fat and high-fat
diets to control for total energy intake.

However, several limitations should be noted. First,
moderate to high heterogeneity was observed across
studies. Although, subgroup analyses identified obesity
status, participant health status, and the presence of calo-
rie restriction as major contributors to this variability,
residual heterogeneity likely remains. Second, emerging
evidence suggests that different types of dietary fat may
exert distinct effects on adipokines. For instance, diets
high in saturated and trans fatty acids have been asso-
ciated with adverse effects on adiponectin levels [98].
Unfortunately, we were unable to stratify our analysis by
fatty acid composition due to insufficient reporting in the
included studies.

Adherence dietary interventions was also not con-
sistently or precisely reported, limiting our ability to
assess protocol compliance. Additionally, some studies
incorporated co-interventions (e.g., exercise or calorie
restriction) alongside dietary fat manipulation. Although
subgroup analyses did not indicate significant effects of
these co-interventions, their influence cannot be entirely
ruled out. Lastly, other potentials confounders, includ-
ing body composition, physical activity, ethnicity, genetic
factors, and sleep duration, are known to influence adi-
pokine levels [98—105] but could not be accounted for in
the current analysis due to limited data.

Conclusion

We found that low-fat diets may offer benefits for reduc-
ing resistin levels, particularly n individuals with diabe-
tes and metabolic syndrome. Moreover, low-fat diets that
are also high in protein may lead to increased adiponec-
tin levels. However, the overall evidence remains unclear,
and the true effects of low-fat diets on adipokine levels
cannot be conclusively determined. Future high-quality
studies are needed to confirm these findings and provide
more definitive conclusions.
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