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BACKGROUND: Obesity is regarded as a chronic, low-grade systemic inflammatory condition. However, whether

immune-inflammatory indices derived from routine peripheral blood tests—including the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (Sll), and systemic inflammation response index (SIRI)—
can accurately reflect obesity-associated inflammation remains controversial, as existing studies have reported inconsistent
findings. Comparing these indices between people with obesity and people without obesity, and further evaluating sources of
heterogeneity and their potential clinical implications, is of considerable significance for clarifying their role in obesity research and
clinical application.

METHODS: Relevant studies published up to September 30, 2025, were systematically searched in PubMed, EMBASE, the Cochrane
Library, and Web of Science databases. A meta-analysis was conducted using standardized mean differences (SMDs) to evaluate
overall effects, with additional subgroup and sensitivity analyses performed (PROSPERO registration number: CRD420251247523).
RESULTS: A total of 30 studies were included, comprising 94,408 people with obesity and 129,927 people without obesity as
controls. The meta-analysis demonstrated that NLR (SMD = 0.46, 95% Cl: 0.10-0.82, p < 0.001), SIl (SMD = 2.45, 95% Cl: 0.89- 4.01,
p <0.001), and SIRI (SMD = 0.84, 95% Cl: 0.47-1.22, p < 0.001) were significantly higher in the group of people with obesity
compared with controls, whereas PLR showed no statistically significant difference (SMD = 0.00, 95% CI: —0.08-0.09, p > 0.05).
Subgroup analyses indicated that these associations were more prominent in studies defining obesity by BMI, among individuals
with chronic comorbidities, and within Asian and American populations.

CONCLUSION: NLR, SlI, and SIRI may serve as potential low-cost biomarkers reflecting systemic inflammation associated with
obesity, while PLR appears to have limited applicability. Future high-quality prospective studies are needed to validate their clinical
utility in obesity risk stratification, prediction of complications, and monitoring of therapeutic responses, as well as to explore the

potential value of combining these indices with traditional inflammatory and metabolic biomarkers.
International Journal of Obesity; https://doi.org/10.1038/541366-026-02108-0

INTRODUCTION

Obesity is a multifactorial chronic disease characterized by
excessive accumulation of adipose tissue and has now become
one of the most significant global public health challenges [1, 2]. It
is estimated that more than 1.9 billion adults worldwide are
people with overweight or obesity, and these alarming numbers
continue to rise, representing a major health and economic
burden. [3]. Obesity is not merely a disorder of energy metabolism
but also an independent risk factor for multiple chronic diseases,
including type 2 diabetes, cardiovascular disease, nonalcoholic
fatty liver disease (NAFLD), and certain types of cancer [4-8]. In
recent years, abundant pathophysiological evidence has

demonstrated that the core feature of obesity is a state of
chronic, low-grade systemic inflammation [9, 10]. Adipose tissue—
particularly visceral fat—undergoes functional impairment in
obesity, leading to the recruitment of immune cells such as
macrophages and the release of large amounts of proinflamma-
tory mediators [11]. This persistent systemic inflammation serves
as a critical link between obesity and its complications, including
insulin resistance and atherosclerosis [12].

To facilitate a convenient and cost-effective assessment of
chronic low-grade inflammation, increasing attention has been
directed toward composite immune-inflammatory biomarkers
derived from routine blood counts. These biomarkers reflect the
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balance between innate immune cells (such as neutrophils and
monocytes) and adaptive immune cells (such as lymphocytes),
as well as the contribution of platelets to inflammatory
responses. Among them, NLR, PLR, Sll, and SIRI have attracted
growing interest [13-17]. These indices are inexpensive, readily
available, and highly reproducible, and have been widely
applied to evaluate inflammatory status in cardiovascular
diseases [18], autoimmune disorders [19], gastrointestinal
diseases [20], and malignancies [21]. Although numerous studies
have examined the associations between these indices and
obesity in adults, the findings remain inconsistent as to whether
they reliably reflect obesity-related inflammation. Such discre-
pancies may stem from variations in study populations,
comorbid conditions, analytical methods, and definitions of
obesity (e.g., BMI versus body composition parameters). While
previous studies have evaluated individual indices separately,
the evidence remains fragmented [22]. To date, no meta-
analysis has systematically and comparatively synthesized data
across multiple composite immune-inflammatory indices (NLR,
PLR, SlI, and SIRI) within a unified analytical framework in adult
populations. Accordingly, a comprehensive cross-index evalua-
tion is needed to clarify their relative performance, sources of
heterogeneity, and potential clinical implications in obesity
research, including their value in screening, risk stratification,
and inflammation monitoring.

This study conducted a systematic review and meta-analysis to
quantitatively assess the differences in NLR, PLR, Sll, and SIRI
between people with obesity and people without obesity, and to
explore potential sources of heterogeneity through subgroup and
sensitivity analyses. The findings of this study will contribute to
clarifying the roles and clinical significance of NLR, PLR, S, and
SIRI in obesity-related inflammatory states, providing more reliable
biomarker evidence for obesity risk stratification, early diagnosis,
and inflammation monitoring.

MATERIALS AND METHODS

This study was conducted in strict accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [23]. In addition, the review has been
registered in PROSPERO (registration number: CRD420251247523).

Search strategy

A systematic and comprehensive literature search was con-
ducted across the PubMed, EMBASE, Cochrane Library, and Web
of Science databases, covering all potentially eligible studies
published from database inception to September 30, 2025. The
search strategy was designed around the central research
theme, focusing on the association between
immune-inflammatory biomarkers and adult obesity. The
following keywords and subject terms were used in various
combinations: “neutrophil-to-lymphocyte ratio” (NLR), “platelet-
to-lymphocyte ratio” (PLR), “systemic immune-inflammation
index” (Sll), “systemic inflammation response index” (SIRI),
“obesity,” “overweight,” and “body mass index” (BMI). To
maximize search sensitivity and coverage, corresponding
Medical Subject Headings (MeSH) and synonymous terms
(including abbreviations, plural forms, and related variations)
were incorporated into the search strategy. Boolean operators
(e.g., AND, OR, NOT) were applied to combine keywords and
MeSH terms for enhanced accuracy and completeness. In
addition, manual searches of reference lists and relevant review
articles were performed to identify studies that might have been
missed by the electronic search. Duplicate records were
removed using EndNote software. The entire search process
followed established methodological principles for systematic
reviews and meta-analyses to ensure that the results were
comprehensive, reproducible, and scientifically rigorous.
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Inclusion criteria. This study established explicit inclusion criteria
to ensure the systematicity and applicability of the literature
selection process. First, eligible study populations had to consist of
adults aged =18 years, with no restrictions on sex, race, or
geographic region. Included studies were required to report at
least one of the following immune-inflammatory biomarkers: NLR,
PLR, SlI, or SIRI.

In addition, studies had to provide outcomes related to obesity
or body weight status, defined by BMI-based classifications or by
criteria established by the World Health Organization (WHO), the
U.S. Centers for Disease Control and Prevention (CDC), or relevant
regional standards. Regarding study design, cross-sectional,
case-control, and cohort studies (both prospective and retro-
spective) were eligible for inclusion. Interventional studies (e.g.,
single-arm trials) were also included if they reported baseline data
that could be used to analyze the relationship between
immune-inflammatory indices and obesity status.

All included studies were required to provide sufficient data for
effect size calculation, such as mean + standard deviation. Only
peer-reviewed original studies published in English were con-
sidered eligible for inclusion.

Exclusion criteria. The exclusion criteria were established to
ensure research quality and analytical consistency. Studies were
excluded if the target population did not meet the inclusion
requirements, such as those involving children or adolescents, or if
the study failed to clearly distinguish adult participants. In
addition, studies that did not report the immune-inflammatory
biomarkers of interest (NLR, PLR, SllI, or SIRI) or lacked obesity-
related measures were excluded from the analysis. Studies with
unavailable or incomplete data were also excluded if, despite
attempts to contact the authors, the necessary statistical
information required to calculate effect sizes could not be
obtained. With regard to study type, reviews, systematic reviews,
meta-analyses, conference abstracts, editorials, commentaries,
case reports, dissertations, and animal or in vitro studies were
not eligible for inclusion. Similarly, interventional studies were
excluded if they failed to provide baseline data prior to
intervention or only reported post-intervention outcomes that
could not be used to assess the relationship between inflamma-
tory indices and obesity. In cases where the same dataset was
reported in multiple publications, only the most comprehensive
and recently published version was retained to avoid duplication
of data in the analysis.

Data extraction and quality assessment. Two independent
reviewers extracted data from the included studies according
to a predefined data extraction framework. Any discrepancies
arising during the extraction process were resolved through
discussion with a third reviewer. The extracted information
included: (1) Basic study characteristics: first author’'s name, year
of publication, country or region, and study design; (2)
Participant information: sample size and criteria used to define
obesity or weight status (e.g., BMI cut-off values); (3) Exposure
variables: measured values of immune-inflammatory biomarkers
(NLR, PLR, SlI, SIRI); (4) Outcome variables: grouping based on
obesity status. If only graphical data were available in the
publication, numeric values were extracted using GetData Graph
Digitizer software.

Quality assessment was independently performed by two
reviewers, with the assessment tool selected according to study
design. Observational studies (case-control, cross-sectional, and
cohort) were evaluated using the Newcastle-Ottawa Scale
(NOS), while quasi-experimental single-arm trials were appraised
using the JBI Critical Appraisal Checklist for Quasi-Experimental
Studies. Study quality was reported as a numerical NOS score
(ranging from 0 to 9) or as qualitative grading (high, moderate,
or low) for studies assessed using the JBI checklist.
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Statistical analysis. In this study, the SMD was used as the effect
size measure to account for variations in measurement methods,
detection units, and data distributions across studies. All effect
sizes were reported with 95% confidence intervals (95% Cl). To
estimate means and standard deviations from reported medians,
sample sizes, ranges, or interquartile ranges (IQRs), the method
proposed by Wan et al. [24] was applied. Between-study
heterogeneity was assessed using Cochran’s Q test and the P
statistic. Significant heterogeneity was considered present when /*
> 50% or when the Q test indicated P<0.10, in which case a
random-effects model (DerSimonian-Laird method) was
employed for pooled analysis. When heterogeneity was low (* <
50%), a fixed-effects model was used. To evaluate potential
publication bias, Egger’s linear regression test and funnel plots
were applied. A P-value<0.05 was considered indicative of
significant publication bias. Predefined subgroup analyses were
conducted to explore potential sources of heterogeneity, includ-
ing study design, geographic region, obesity definition criteria,
and types of immune-inflammatory indices assessed. Additionally,
sensitivity analyses were performed to examine the robustness of
the results. All statistical analyses were performed using Stata
version 17 (StataCorp, College Station, TX, USA) to ensure the
accuracy and reliability of data processing and analytical results.

RESULTS

Study selection and characteristics

A total of 5115 records were initially identified through database
searches. After removing 1842 duplicates, 3273 studies remained
for title and abstract screening. Of these, 2998 were excluded for
being irrelevant to the study topic or for being reviews,
conference papers, case reports, or animal studies. Subsequently,
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275 articles underwent full-text assessment, among which 217
were excluded due to the inability to extract valid data, lack of a
clear definition of obesity, or failure to report eligible
immune-inflammatory biomarkers. After further screening, 58 stu-
dies proceeded to final eligibility evaluation, and 28 were
excluded because their study design did not meet inclusion
criteria. Ultimately, 30 studies met the eligibility requirements and
were included in this systematic review and meta-analysis [25-54].
The study selection process is illustrated in the PRISMA flow
diagram (Fig. 1).

As shown in Table 1, a total of 30 studies published between
2012 and 2025 were included in this systematic review and meta-
analysis, comprising 94,408 people with obesity and 129,927 people
without obesity as controls. The study populations were drawn
from multiple regions, with the largest number of studies
conducted in Turkey (n = 13) [26-32, 34, 36, 37, 41, 44, 45], followed
by the United States (n=4) [46, 48-50] and China (n=4)
[39, 40, 47, 54]. In terms of study design, most studies were cross-
sectional (n = 16) [25, 28, 29, 32, 35, 36, 40, 41, 44, 45, 47-50, 52, 54],
followed by case-control studies (n =7) [26, 30, 31, 33, 39, 42, 53]
and cohort studies (n=6) [27, 34, 37, 38, 43, 46]. One single-arm
quasi-experimental study (controlled feeding trial) was also
included, which was evaluated using the JBI Critical Appraisal
Checklist for Quasi-Experimental Studies, showing moderate
methodological quality [51]. All other observational studies were
assessed using the NOS, with scores ranging from 6 to 9, indicating
overall good methodological quality. The diagnostic criteria for
obesity were primarily based on BMI > 30kg/m’, although some
studies adopted alternative definitions such as BMI > 25 kg/m?,
BMI = 40-45 kg/m?, body fat percentage (>25% in men, >30% in
women), waist circumference or abdominal obesity thresholds, or
visceral fat area >100 cm’.

Records removed before screening:

Duplicate records removed(n=1,842)

Records excluded after reading the
title and abstract(n=2,998)

-Not related to immune—inflammatory
biomarkers or obesity (n= 1,742)
-Review,letters, casereports, editorials
or animal articles(n=1256)

4

Exclude records(n=217)
-No available extractable data (n = 78)
-Did not clearly define BMI or obesity

A4

classification (n = 53)

-Biomarkers not consistent with
inclusion criteria (no NLR, PLR, SII,
or SIRI) (n = 86)

A4

) Records identified through
database searching
£ (n=5115)
‘§ PubMed(n=1,088)
b=} Embase(n=3,624)
§ Web of science(n=399)
= Cochrane library(n=4)
Records after removal of
duplicates(n=3,273)
v
o Full-text articles evaluated
= for eligibility(n=275)
g
5
125
A
Reports assessed for
eligibility(n=58)
— 4
2 Studies included in
= quantitative synthesis
= 3
"E='$ (Meta-analysis)
- (n=30)

Exclude records(n=28)

-Study design not eligible
(intervention only, no baseline data;
cross-section without comparison;
single-arm without usable outcome) (n
=28)

Fig. 1 The PRISMA flow chart summarizing the literature search and study selection process.
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%
SMD (95% Cl)  Weight
0.37 (-0.51, 1.25) 3.27
-0.24 (-0.75, 0.27) 3.79
P 1.91(1.65, 2.18)  4.01
-0.39 (-1.11, 0.33) 3.51
0.37 (0.19, 0.56) 4.06
2.85 (-3.31, -2.39) 3.84
0.49 (-0.24, 1.22) 3.50
0.16 (-0.17, 0.48) 3.97
0.62 (0.25,0.99) 3.93
—%— 6.04(5.01,7.08) 3.04
0.12 (-0.32, 0.56) 3.86
0.39 (-0.03,0.81) 3.88
0.12 (-0.45, 0.70) 3.70
-0.00 (-0.10, 0.10) 4.09
-0.20 (-0.64, 0.24) 3.86
0.56 (0.16, 0.96) 3.90
1.87 (1.37,2.37) 3.80
-0.06 (-0.11, -0.02) 4.10
-0.03 (-0.49, 0.43) 3.84
0.12 (-0.16, 0.39) 4.00
-0.17 (-0.33, -0.01) 4.07
-0.02 (-0.04, 0.00) 4.10
S 1.69 (1.65, 1.74)  4.10
. 1.51(1.47,1.56) 4.10
0.12 (-0.21, 0.46) 3.96
0.50 (-0.06, 1.06) 3.72
0.46 (0.10,0.82) 100.00

NOTE: Weights are from random effects analysis
T I

-7.08 0

7.08

Fig. 2 Forest plot of the association between obesity and NLR levels in adults.

Association between NLR and obesity

A total of 25 studies were included in the analysis comparing
NLR levels between people with obesity and people without
obesity [25-46, 48, 51, 53], encompassing 31,779 individuals
with obesity and 31,818 people without obesity as controls.
Heterogeneity analysis indicated substantial between-study
heterogeneity (*=99.7%, p<0.001); therefore, a random-
effects model was applied. The meta-analysis revealed that
NLR levels were significantly higher in people with obesity
compared with people without obesity (SMD = 0.46, 95% Cl:
0.10-0.82, p < 0.001), suggesting that obesity may be associated
with an elevated degree of systemic inflammatory response
(Fig. 2).

Given the substantial heterogeneity observed in the overall
analysis, subgroup analyses were conducted across four dimen-
sions: geographic region, obesity definition criteria, study design
type, and comorbidity status. In the regional subgroup analysis,
three studies were conducted in Europe [25, 35, 43]. The pooled
effect size showed no significant difference in NLR levels between
people with obesity and people without obesity (SMD = —0.06,
95% Cl: —0.30-0.18, p > 0.05), with low heterogeneity (= 24.4%,
p =0.266), indicating relatively consistent findings within this
region. In contrast, the Middle East and North Africa (MENA)
region included the largest number of studies (n=15)
[26-32, 34, 36, 37, 41, 42, 44, 45, 53]. The pooled analysis showed
no statistically significant difference (SMD=0.38, 95% Cl:
—0.18-0.95), but substantial heterogeneity was detected
(P=96.9%, p<0.001). For studies conducted in Asia (n=23)
[33, 39, 40], the direction of the pooled effect suggested a
positive association between obesity and higher NLR levels
(SMD =0.78, 95% ClI: —0.24-1.81). A similar trend was observed
in the Americas (n=4) [38, 46, 48, 51] (SMD =0.74, 95% Cl:
—0.18-1.66) (Fig. 3A). Although the confidence intervals were
wide across regions, the overall direction of association remained
consistent, suggesting that obesity may be linked to enhanced
systemic inflammation across diverse geographic contexts.

International Journal of Obesity

Secondly, to evaluate the impact of obesity definition criteria on
the results, the included studies were categorized into two groups
based on the assessment method: BMI-based obesity and
adiposity-based obesity. Twenty-three studies defining obesity
by BMI [25-39, 41-46, 48, 53] showed a significant increase in NLR
among people with obesity (SMD=0.44, 95% Cl: 0.02-0.87,
p <0.05). In contrast, three studies assessing obesity using body
fat percentage or visceral adiposity indices [40, 48, 51] demon-
strated a similar upward trend that did not reach statistical
significance (SMD =0.65, 95% Cl: —0.61-1.92), suggesting that
different obesity definitions may influence the sensitivity of
inflammatory phenotype detection (Fig. 3B). Third, in the study
design subgroup analysis, cross-sectional studies (n=11)
[25, 28, 29, 32, 35, 36, 40, 41, 44, 45, 48] did not show a significant
association (SMD = 0.35, 95% Cl: —0.20-0.90), and case-control
studies (n=7) [26, 30, 31, 33, 39, 42, 53] also revealed no
significant difference (SMD =0.08, 95% Cl: —0.93-1.09). In
contrast, cohort studies (n=6) [27, 34, 37, 38, 43, 46] demon-
strated a statistically significant association between obesity and
elevated NLR (SMD =0.92, 95% Cl: 0.46-1.39), with a stronger
effect size and narrower confidence interval, indicating that cohort
studies may provide more robust and consistent evidence
supporting this relationship (Fig. 3C). Finally, in the comorbidity
subgroup analysis, studies involving participants without chronic
comorbidities showed a non-significant trend toward higher NLR
in in people with obesity (SMD=0.32, 95% Cl: —0.07-0.71).
However, in studies including participants with comorbid condi-
tions (n=4) [34, 35, 38, 44], people with obesity exhibited
significantly higher NLR levels compared with people without
obesity as controls (SMD = 1.38, 95% Cl: 0.10-2.67, p < 0.05). This
finding suggests that the presence of metabolic, cardiovascular, or
inflammatory comorbidities may amplify the systemic inflamma-
tory response associated with obesity (Fig. 3D). Overall, while
subgroup analyses revealed some variability in the strength of
association between obesity and elevated NLR across populations
and study conditions, the direction of effect remained consistent.
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Study %
D SMD (85% Cl) Weight

Europe
Trellakis S (2012)

Torres K (2018)

Liontos A (2023)

Subtotal (I-squared = 24.4%, p = 0.266)

037(:051,1.25) 327
012(:0.32,056)  3.86
017 (-033,-001) 407
0.06(-0.30,0.18) 1120

MENA
Keskin Kurt R (2014) -0.24(-075,027) 379
Yilmaz H (2015) 1.91(1.65, 2.18) 4.01

)
039(-1.11,033) 351
037(0.19,056)  4.06
-285(-331,-239)  3.84
0.49 (-0.24,1.22) 3.50
016 (:0.17,048)  3.97
—&— 6.04(501,7.08) 304

Agacayak E (2015)
Bahadir A (2015)

Gakiroglu Y (2016) -
Yilmaz MA (2016)

Furuncuoglu Y (2016)

Bozkus F (2018)

Erdal E (2019) 039(-003,081) 388
Can M (2020) 0.12(:045,070) 370
Yildinm 6 (2022) 020(-064,024)  3.86

El-Eshmawy MM (2022)
Uzunlar EA (2023)

Khagani | (2023)

El-Aghbary DA (2025)

Subtotal (I-squared = 96.9%, p = 0.000)

0.56 (0.16, 0.96) 390
0.03(-049,043) 384
12(:0.16,039)  4.00

012(:021,046)  3.96
038(:0.18,095)  56.86

sia
Raghavan V (2016)

Liu W (2022)

Wang P (2022)

Subtotal (I-squared = 97.1%, p = 0.000)

062 (0.25,0.99) 393
1,87 (1.37,2.37) 380
006 (-0.11,-002)  4.10
078(:0.24,181) 1183

Americas

Orlandini LF (2021) 0.00(-0.10,010)  4.09
Ge YZ (2024) 0.02(-0.04,000)  4.10
He L (2024) 169(165,1.74) 410
He L (2024) 151(147,156) 410
Braga Tibaes JR (2025) 050(-0.06,1.06)  3.72

Subtotal (I-squared = 99.9%, p = 0.000) 074(:0.18,1.66)  20.11

Overall (I-squared = 99.7%, p = 0.000) 0.46 (0.10, 0.82) 100.00

NOTE: Weights are from random effects analysis
T

-7.08 7.08

Study %
D SMD (95% CI) Weight

Cross-sectional
Trellakis S (2012)
Agacayak E (2015)
Bahadir A (2015)
Furuncuoglu Y (2016)
Torres K (2018)

Erdal E (2019)
Yildinm O (2022)
Wang P (2022)
Uzunlar EA (2023)
Khagani | (2023)

037 (051,125 340
039(-1.11,033) 365
037(0.19,0.56)  4.21
0.16(-0.17,0.48)  4.12
0.12(-0.32,0.56)  4.01
0.39(-0.03,0.81)  4.03
020 (-0.64,0.24)  4.01
-0.06 (-0.11,-002)  4.26
-0.03(-0.49,0.43)  3.99
0.12(-0.16,0.39)  4.16
1

He L (2024) 426
He L (2024) 426

Subtotal (I-squared = 99.7%, p = 0.000) 48.35
Case-control

Keskin Kurt R (2014) -0.24(-0.75,0.27)  3.93

Gakiroglu Y (2016) - -2.85(-3.31,-2.39)  3.99

Yilmaz MA (2016) 049(-0.24,1.22) 364

Raghavan V (2016) 062(0.25,0.99)  4.08

El-Eshmawy MM (2022) 056(0.16,0.96)  4.05

Liu W (2022) 187(137,237) 395

El-Aghbary DA (2025)
Sublotal (I-squared = 97.3%, p = 0.000)

012(-021,046) 411
0.08 (-0.93, 1.09) 27.75

Cohort

Yilmaz H (2015)

Bozkus F (2018)

Can M (2020)

Orlandini LF (2021)

Liontos A (2023)

Ge YZ (2024)

Sublotal (I-squared = 98.5%, p = 0.000)

191(1.65,2.18)  4.16

—%— 604(501,7.08) 3.6
0.12(-0.45,0.70) 385
-0.00(-0.10,0.10)  4.25
017 (-0.33,-001) 423
-0.02(-0.04,0.00) 4.26
092(0.46,1.39)  23.90

Overall (l-squared = 99.7%, p = 0.000)

NOTE: Weights are from random effects analysis
T

046(0.10,0.82) 10000

T
-7.08 7.08

Study %
D SMD (95% CI) Weight

BMI-based obesity

Trellakis S (2012)

Keskin Kurt R (2014)

Yilmaz H (2015)

Agacayak E (2015)

Bahadir A (2015)

Gakiroglu Y (2016) ——
Yilmaz MA (2016)

Furuncuoglu Y (2016)

0.37 (-051,1.25) 327
0.24 (-0.75,0.27)  3.79
191(1.65,2.18)  4.01
0.39(-1.11,0.33) 351
0.37 (0.19,0.56)  4.06
-2.85(-3.31,-2.39) 3.84
0.49(-0.24,1.22) 350
0.16 (-0.17,0.48)  3.97

Raghavan V (2016) - 062(0.25,099) 393
Bozkus F (2018) ' —%— 6.04(501,7.08) 3.4
Torres K (2018) - 0.12(-0.32,0.56)  3.86

+

Erdal E (2019) 039(-0.03,081) 388

Can M (2020) - 0.12(-0.45,0.70)  3.70
Orlandini LF (2021) + ' -0.00 (-0.10,0.10)  4.09
Yildinm 6 (2022) - 020 (-0.64,0.24) 3.86
El-Eshmawy MM (2022) - 0.56 (0.16, 0.96) 3.90
Liu W (2022) - 1.87(1.37,2.37)  3.80
Uzunlar EA (2023) -+ 0.03(-0.49,043) 384
Khagani | (2023) * 0.12(-0.16,0.39)  4.00
Liontos A (2023) . 017 (-0.33,-0.01) 4.07
Ge YZ (2024) *, -0.02 (-0.04,0.00)  4.10
He L (2024) | H - 1.69 (1.65, 1.74) 410

El-Aghbary DA (2025)
Subtotal (I-squared = 99.5%, p = 0.000)

0.12(-0.21,046)  3.96
044 (0.02,087)  88.08

Adiposity-based obesity

Wang P (2022)

He L (2024)

Braga Tibaes JR (2025)

Subtotal (I-squared = 99.9%, p = 0.000)

- _j;j_

°_W<<>}7
-

#-

-0.06 (-0.11,-0.02) 4.10
1.51(1.47, 1.56) 4.10
0.50 (-0.06, 1.06) ~ 3.72
0.65 (-0.61, 1.92) 11.92

Overall (l-squared = 99.7%, p = 0.000) 046 (0.10,0.82)  100.00

NOTE: Weights are from random effects analysis
T

-7.08 7.08

Study %
D SMD (95% CI) Weight

No comorbidities
Trellakis S (2012)

Keskin Kurt R (2014)

Yilmaz H (2015)

Agacayak E (2015)

Bahadir A (2015)

Gakiroglu Y (2016) -
Yilmaz MA (2016)

0.37 (-0.51,1.25)  3.27
-0.24 (-0.75,0.27) 3.79
- 1.91(1.65, 2.18) 4.01
-0.39(-1.11,0.33) 3.51
0.37 (0.19, 0.56) 4.06
-2.85(-3.31,-2.39) 3.84
0.49(-0.24,1.22)  3.50

Furuncuoglu Y (2016) - 0.16 (0.17,0.48)  3.97
Raghavan V (2016) > 062(0.25,099) 393
Erdal E (2019) 0.39(-0.03,0.81) 388
Can M (2020) - 0.12 (-0.45,0.70)  3.70
Yildinm © (2022) - -0.20 (-0.64,0.24) 3.86
El-Eshmawy MM (2022) - 056 (0.16,0.96)  3.90
Liu W (2022) - 187 (1.37,237)  3.80
Wang P (2022) .. -0.06 (-0.11,-0.02) 4.10
Khagani | (2023) * 0.12(-0.16,0.39)  4.00
Liontos A (2023) .. -0.17 (-0.33,-0.01) 4.07
Ge YZ (2024) . -0.02(-0.04,0.00)  4.10
He L (2024) H 169 (1.65,1.74)  4.10
He L (2024) L. 151(1.47,156)  4.10
El-Aghbary DA (2025) - 0.12(-0.21,0.46)  3.96
Braga Tibaes JR (2025) o 050 (-0.06,1.06) ~ 3.72
Subtotal (I-squared = 99.7%, p = 0.000) K> 032 (-0.07,0.71)  85.17
f
With comorbidities .
Bozkus F (2018) ' —&— 604(501,7.08) 304
Torres K (2018) - 0.12(-0.32,0.56)  3.86
Orlandini LF (2021) ! -0.00 (-0.10,0.10)  4.09
Uzunlar EA (2023) - -0.03(-0.49,0.43) 384
Subtotal (I-squared = 97.7%, p = 0.000) — 1.38(0.10,267)  14.83
. \
Overall (I-squared = 99.7%, p = 0.000) <> 0.46 (0.10,0.82)  100.00
NOTE: Weights are from random effects analysis | !
-7.08 0 7.08

Fig. 3 Subgroup analyses of the association between obesity and NLR. A Subgroup analysis based on geographic region; B subgroup
analysis based on obesity diagnostic criteria (BMI-based vs adiposity-based obesity); C subgroup analysis based on study design (cross-
sectional, case-control, and cohort studies); D subgroup analysis stratified by comorbidity status (with vs without comorbid conditions). Effect
sizes are presented as standardized mean differences (SMD) with 95% confidence intervals, estimated using a random-effects model.

The association appeared more pronounced in cohort studies, in
individuals with comorbid conditions, and in certain geographic
regions such as Asia and the Americas.

To assess the stability of the pooled effect size, a leave-one-out
sensitivity analysis was performed by sequentially excluding each
study. The results indicated that the pooled effect size remained
largely unchanged after the removal of any single study, with both
the direction and magnitude of the effect remaining stable
(approximately centered around SMD =0.46). This finding sug-
gests that the overall results were not driven by any individual
study and that the conclusions of the meta-analysis were highly
robust (Fig. S1). In addition, to further evaluate potential
publication bias, a funnel plot was generated. Overall, the plot
demonstrated a relatively symmetrical distribution of studies, with
only a few smaller studies or those reporting larger effect sizes
deviating slightly from the expected region, but no evident
asymmetry was observed (Fig. 4). Consistently, Egger's test

SPRINGER NATURE

supported this interpretation, showing no statistically significant
publication bias (p = 0.668).

Association between PLR and obesity

A total of eight studies [30, 32, 35, 36, 38, 42, 51, 53] were included
to evaluate the difference in PLR between people with obesity and
people without obesity, comprising 943 people with obesity and
1474 people without obesity as controls. The meta-analysis
demonstrated no statistically significant difference in PLR levels
between the two groups (SMD=0.00, 95% Cl: —0.08-0.09,
p>0.05), suggesting that PLR may have limited sensitivity in
reflecting obesity-related inflammation (Fig. 5).

Further subgroup analyses of PLR were conducted based on
geographic region, study design, and comorbidity status. In the
regional subgroup analysis, five studies from the MENA region [30,
32, 36, 42, 53] were included. The pooled effect size indicated no
significant difference in PLR levels between people with obesity

International Journal of Obesity
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Fig. 4 Funnel plot with pseudo 95% confidence limits assessing publication bias in included studies.

Study %

ID SMD (95% Cl) Weight
Gakiroglu Y (2016) & -0.39 (-0.72, -0.07) 6.37
Furuncuoglu Y (2016) 0.07 (-0.25, 0.39) 6.56
Torres K (2018) < 0.15 (-0.28, 0.59) 3.56
Erdal E (2019) * 0.46 (0.04, 0.88) 3.91

Orlandini LF (2021) —_— 0.01 (-0.11, 0.09) 66.76
El-Eshmawy MM (2022) L 0.02 (-0.37, 0.41) 4.46
Braga Tibaes JR (2025) < -0.15 (-0.70, 0.41) 223
El-Aghbary DA (2025) * 0.18 (-0.15, 0.51) 6.14
Overall (I-squared = 42.8%, p = 0.093) <> 0.00 (-0.08, 0.09) 100.00

T
-875

0

875

Fig. 5 Forest plot of the association between obesity and PLR levels in adults.

and people without obesity (SMD =0.03, 95% Cl: —0.12-0.19),
with moderate heterogeneity (* = 64.5%, p = 0.024). Two studies
from the Americas [38, 51] also showed no significant difference
(SMD = -0.02, 95% Cl: —0.12-0.08) and demonstrated high
consistency across studies (P =0.0%, p =0.638) (Fig. 6A). These
findings suggest that regional factors did not substantially
influence the direction of the association. In the study design
subgroup analysis, three case-control studies [30, 42, 53] were
included, showing no significant difference in PLR (SMD = —0.08,
95% Cl: -0.28-0.12), with moderate heterogeneity (= 67.2%,
p = 0.048). Similarly, three cross-sectional studies [32, 35, 36] did
not yield statistically significant results (SMD =0.20, 95% ClI:
—0.02-0.42), with low heterogeneity (P =4.6%, p=0.351). A
between-group comparison revealed no significant difference
across study designs (p = 0.068), indicating that study design did

International Journal of Obesity

not significantly influence the association between obesity and
PLR (Fig. 6B). In the comorbidity subgroup analysis, six studies
including participants without chronic comorbidities showed no
significant difference in PLR between people with obesity and
people without obesity (SMD =0.02, 95% Cl: —0.13-0.17), with
moderate heterogeneity (P =57.0%, p=0.040). Likewise, in
studies involving participants with comorbidities (n = 2) [35, 38],
no significant difference was observed (SMD = —0.00, 95% ClI:
—0.10-0.09), with zero heterogeneity (”=0.0%, p=0.467).
Comparison between subgroups revealed no statistically signifi-
cant difference (p = 0.793), suggesting that comorbidity status did
not have a detectable impact on the results (Fig. 6C). Moreover,
since only one included study defined obesity based on adiposity-
related indices while all others used BMl-based criteria, further
stratification by obesity measurement method was not performed.

SPRINGER NATURE
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10

TR

Fig. 6 Subgroup analyses of the association between obesity and PLR. A Subgroup analysis based on geographic region; B subgroup
analysis based on study design (case-control vs. cross-sectional studies); C subgroup analysis stratified by comorbidity status (with vs. without

comorbidities). Pooled effect sizes are presented as standardized mean
random-effects model.
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Fig. 7 Funnel plot with pseudo 95% confidence limits evaluating potential publication bias in studies reporting PLR.

The overall pooled effect size was close to zero, with narrow
confidence intervals, indicating that current evidence does not
support a significant difference in PLR between people with
obesity and people without obesity.

To assess the robustness of the pooled effect size for PLR, a
leave-one-out sensitivity analysis was performed. The results
showed that exclusion of any single study did not materially alter
the effect size or its 95% confidence interval, and the direction of
the effect remained consistent, indicating that the pooled result
was stable and not influenced by any individual study (Fig. S2).
The funnel plot displayed a relatively symmetrical distribution,
with only a few studies slightly deviating toward the margins and
no evident asymmetry observed (Fig. 7). Moreover, Egger's test
revealed no significant publication bias (p=0.640), further
supporting the reliability of the findings. Overall, based on the
available evidence, there is no statistically significant difference in
PLR levels between people with obesity and people without
obesity.

Association between Sl and obesity

A total of nine studies [32, 40, 47-53] were included to evaluate
the difference in SIl levels between people with obesity and
people without obesity. The meta-analysis revealed that SlI levels
were significantly higher in the group of people with obesity
compared with the group of people without obesity (SMD = 2.45,
95% Cl: 0.89-4.01, p <0.001), suggesting that SIl may serve as a
sensitive indicator of obesity-related inflammatory status (Fig. 8).
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However, substantial heterogeneity was observed among studies
(P =100%, p<0.001), indicating considerable variability in the
estimated effect sizes.

To explore potential sources of heterogeneity, a regional
subgroup analysis was conducted (Fig. 9A). In the MENA region,
four studies were included [32, 49, 52, 53]. The pooled effect size
indicated that SIl levels were higher in people with obesity
compared with people without obesity (SMD =4.25, 95% Cl:
—3.94-12.45); however, the confidence interval was wide, and
heterogeneity was extremely high (* = 100%, p < 0.001), suggest-
ing substantial variability among studies. In the Asian region, only
two studies were included [40, 47], and the combined results
showed no significant difference in Sll levels between people with
obesity and people without obesity (SMD=0.12, 95% Cl:
—0.14-0.38), with similarly high heterogeneity (P =96.6%,
p<0.001). In the Americas, three studies were included
[48, 50, 51], and the pooled analysis revealed higher SlI levels in
people with obesity (SMD = 1.81, 95% Cl: —0.30-3.91), though the
difference did not reach statistical significance, and heterogeneity
remained extremely high (P =100%, p <0.001). These findings
suggest that regional differences may partially contribute to the
observed effect size variations, but they cannot fully account for
the substantial heterogeneity among studies.

A further analysis was conducted based on the methods used to
define obesity (Fig. 9B). In studies that defined obesity using BMI
criteria (n=26) [32, 48-50, 52, 53], Sll levels were significantly
higher in people with obesity (SMD =3.33, 95% Cl: 0.13-6.52),
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showing a clear direction of effect, although heterogeneity
remained extremely high (”=100%). In studies that defined
obesity using body composition measures such as body fat
percentage or visceral fat index (n = 4) [40, 47, 48, 51], SlI levels
also demonstrated an upward trend (SMD=1.13, 95% Cl:
—0.89-3.15), but the difference was not statistically significant,
and heterogeneity was again substantial (” = 100%). Overall, both
obesity definitions suggested elevated Sl levels among people
with obesity, although the stability of the effect was limited and
appeared to be influenced by factors such as study design
variability, measurement approaches, and individual metabolic
characteristics. Due to the limited number of studies available for
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stratification, subgroup analyses based on study design and
comorbidity status were not performed.

To evaluate the robustness of the pooled effect size for SlI, a
sensitivity analysis was conducted. The results indicated that
exclusion of any individual study did not substantially alter the
pooled effect size or its 95% confidence interval, and the direction
of the effect remained consistent. This finding suggests that the
results were highly robust and not driven by any single study (Fig.
S3). Furthermore, to assess potential publication bias, a funnel plot
was generated and Egger’s regression test was performed. The
funnel plot showed a slightly asymmetric distribution, with a few
studies exhibiting relatively large effect sizes (Fig. 10). However,
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Egger's test revealed no statistically significant publication bias
(p =0.121), supporting the overall reliability of the findings.

Association between SIRI and obesity
A total of five studies [40, 49, 51, 52, 54] were included to compare
SIRI levels between people with obesity and people without
obesity. The overall meta-analysis revealed that SIRI levels were
significantly higher in the group of people with obesity than in the
group of people without obesity (SMD = 0.84, 95% Cl: 0.47-1.22,
p <0.001), suggesting that SIRI may serve as a potential biomarker
reflecting systemic inflammation associated with obesity (Fig. 11).
However, substantial heterogeneity was observed among studies
(P=98.9%, p <0.001), indicating considerable variation in effect
sizes across studies.

To investigate whether the definition of obesity influenced the
effect estimates, a subgroup analysis was conducted according to
the diagnostic criteria used to define obesity, categorizing studies
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155

Forest plot of the association between obesity and SIRI levels in adults.

into BMI-based and adiposity-based definitions (e.g., body fat
percentage or visceral fat measurement) (Fig. 12). In studies
defining obesity by adiposity indicators (n=3) [40, 51, 54], the
pooled effect size showed that SIRI levels were higher in people
with obesity than in people without obesity, although the
difference was not statistically significant (SMD =0.12, 95% Cl:
—0.18-0.43). Moderate heterogeneity remained (= 77.8%,
p=0.011), suggesting some inconsistency across studies. In
contrast, studies defining obesity based on BMI (n=2) [49, 52]
demonstrated a substantially larger effect size (SMD = 7.08, 95%
Cl: —6.38-20.53), though the confidence interval was extremely
wide, and heterogeneity was very high (”=99.7%, p <0.001).
These findings indicate that the estimated effect in this subgroup
was unstable, likely influenced by differences in study design,
sample characteristics, or measurement bias. Overall, although the
direction of association was consistent across obesity definitions—
with people with obesity generally exhibiting higher SIRI levels—

International Journal of Obesity



Study

Adiposity-based obesity

1

1

1

1

1
Braga Tibaes JR (2025) ha

I

Wang P (2022) *
Luo Y (2025) *
Subtotal (l-squared =77.8%, p = 0.011) >

BMI-based obesity
Livshits G (2025)
Zhou Y (2024) *

Subtotal (I-squared = 99.7%, p = 0.000)

Overall (I-squared = 98.9%, p = 0.000) Q

NOTE: Weights are from random effects analysis

Y. Yang et al.

%

SMD (95% Cl) Weight
0.85 (0.27, 1.43) 16.48
0.03 (-0.01, 0.08) 27.26
-0.12(-0.37, 0.14) 24.23
0.12 (-0.18, 0.43) 67.97
—— 13.97 (12.40, 15.53) 47
0.24 (0.21, 0.26) 27.33

<i> 7.08 (-6.38, 20.53) 32.03

0.84 (0.47,1.22) 100.00

|
-20.5 0

!
20.5

Fig. 12 Subgroup analysis of the association between obesity and SIRI based on obesity diagnostic criteria (BMI-based obesity vs. adiposity-

based obesity).

Funnel plot with pseudo 95% confidence limits

0- o,
N
I
/[
T
I\
2 AR
/B
I \
I £
a I \
] \
Z 44 h \
5 ] \
w I \
I \
I \
I \
6 1 \
I \
I \
I \
] \
] \
8“ 1 1 °
T T T T T
-5 0 5 10 15
SMD

Fig. 13 Funnel plot for publication bias assessment of studies evaluating the association between obesity and SIRI.

the magnitude and statistical significance of the effect varied
considerably, both affected by high heterogeneity. Due to the
limited number of available studies, further subgroup analyses by
region, study design, or comorbidity status were not performed.

To evaluate the robustness of the pooled effect size, a leave-
one-out sensitivity analysis was performed. The results indicated
that exclusion of any single study did not materially alter the
overall effect size or its 95% confidence interval, and the direction
of the effect remained consistent (Fig. S4). This suggests that the
findings are robust and not influenced by any individual study.
Meanwhile, to assess potential publication bias, a funnel plot was
generated, and Egger’s regression test was conducted. The funnel
plot showed slight asymmetry, but the results of Egger’s test did
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not reach statistical significance (p = 0.424), indicating that there
is currently insufficient evidence to suggest substantial publication

bias (Fig. 13).

DISCUSSION

This study systematically integrated data from 30 studies to
quantitatively evaluate the associations between four peripheral
blood cell count-derived immune-inflammatory indices—NLR,
PLR, SII, and SIRI—and adult obesity. Overall findings revealed
that, in large population samples, NLR, SlI, and SIRI levels were
significantly higher in people with obesity compared with people
without obesity, whereas PLR showed no statistically significant
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difference between groups. These results support the concept of
obesity as a state of chronic, low-grade systemic inflammation.
The observed trends suggest that certain biomarkers derived from
peripheral blood cell counts may effectively reflect obesity-related
immune activation, although their sensitivity varies across
different indices.

Obesity-related inflammation is widely recognized to originate
from the remodeling of the immune microenvironment within
adipose tissue [55]. With progressive fat accumulation, adipocytes
undergo hypertrophy, local hypoxia, and lipid droplet overflow,
leading to cellular stress and apoptosis, which in turn attract
immune cell infiltration—particularly macrophages—into adipose
tissue [56, 57]. At the same time, hypertrophic adipocytes release
excessive amounts of free fatty acids (FFA), reactive oxygen
species (ROS), and various pro-inflammatory cytokines [58]. The
accumulation of circulating FFAs and dietary lipids promotes
ectopic fat deposition in non-adipose tissues such as the liver,
skeletal muscle, and pancreas, resulting in lipotoxic injury. These
toxic lipids disrupt the homeostasis of mitochondria, the
endoplasmic reticulum, and lysosomes, leading to organelle
dysfunction, overproduction of ROS and inflammatory mediators,
and consequently, systemic inflammatory activation [59]. Within
this context, the composition and function of immune cells in
adipose tissue change dramatically. Anti-inflammatory M2 macro-
phages progressively polarize toward the pro-inflammatory M1
phenotype, secreting mediators such as IL-6, TNF-a, and MCP-1
[60, 61]. These factors not only promote neutrophil production
and recruitment but also suppress lymphocyte proliferation and
immunoregulatory capacity, resulting in an imbalance between
neutrophils and lymphocytes and a subsequent increase in NLR, a
phenomenon confirmed in metabolic inflammation models [62].
In contrast, SIl and SIRl, as composite inflammatory indices,
integrate information from multiple immune cell types and can
therefore provide a more comprehensive assessment of the
activation state of obesity-related inflammatory networks. Sl
incorporates neutrophil, lymphocyte, and platelet counts, simulta-
neously reflecting enhanced innate immunity, suppressed adap-
tive immunity, and platelet-mediated inflammation-coagulation
interactions. SIRI, calculated from neutrophil, monocyte, and
lymphocyte counts, more directly represents the involvement of
the monocyte-macrophage axis in inflammation-driven processes
[63, 64]. Accordingly, compared with single-ratio indicators such as
NLR, SlI, and SIRI may be better suited to capturing the complex
immune abnormalities associated with obesity [49]. The present
study found that both SII and SIRl exhibited larger and
directionally consistent effect sizes compared with NLR, aligning
with their underlying biological mechanisms and supporting their
potential value as sensitive biomarkers of obesity-related systemic
inflammation.

Current evidence consistently indicates a positive association
between obesity and elevated NLR [27, 34, 39], and the present
meta-analysis—based on a larger sample size and cross-regional
data—further strengthens this body of evidence. The 25 studies
included in this analysis, encompassing over 60,000 participants,
demonstrated a moderate increase in NLR among people with
obesity, with this trend being more pronounced in those with
underlying chronic conditions such as obstructive sleep apnea,
COPD, malignancy, or a history of surgery. Notably, this differential
effect may not only reflect the inflammatory burden inherent to
obesity itself but also suggests potential additive or synergistic
interactions between obesity and other inflammation-driving
factors. From an immunoregulatory perspective, obesity repre-
sents not a static immune activation state but rather a dynamic
and progressive shift in immune function [65]. During the
metabolically healthy obesity stage, immune abnormalities are
typically characterized by mild neutrophil hyperactivity. However,
as metabolic disturbances or structural organ damage develop,
inflammatory signaling can further activate the bone
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marrow-adipose regulatory axis, leading to a lowered granulocyte
release threshold and heightened inflammatory sensitivity [66, 67].
At the same time, chronic inflammation and metabolic stress can
induce lymphocyte metabolic dysfunction, immune exhaustion, or
activation of apoptotic pathways, resulting in both quantitative
and functional impairment of lymphocytes and thereby further
elevating NLR [68, 69]. Additionally, obesity-related hypoxia, gut
microbiota dysbiosis, increased lipopolysaccharide (LPS) burden,
and dysregulation of sympathetic-hormonal signaling have also
been identified as key upstream drivers shifting the
neutrophil-lymphocyte balance toward a pro-inflammatory state
[70-72]. This multi-level regulatory framework provides a biologi-
cal rationale for the heterogeneity observed in this study’s effect
estimates—that is, elevated NLR may not merely serve as a marker
of obesity per se, but may also reflect the degree of transition
toward an “inflammatory phenotype” or a “high metabolic risk
phenotype.”

In contrast, this study found no significant difference in PLR
between people with obesity and people without obesity, and
subgroup analyses did not identify any modifiers affecting the
direction of association. Previous studies have reported incon-
sistent findings regarding PLR [30, 36, 38]. Interestingly, our
previous research [73] showed that patients with NAFLD had
lower PLR values than non-NAFLD controls, suggesting that PLR
might serve as a protective factor in NAFLD. This finding implies
that PLR may hold distinct biological significance across different
metabolic disease contexts. The explanation for these discrepan-
cies is likely multifactorial. First, compared with more directly
inflammation-associated cellular lineages such as neutrophils [74],
the effects of obesity on platelets appear to be more metabolic
than inflammatory [75]; therefore, platelets may exhibit a weaker
response to the chronic, low-grade inflammatory stimuli asso-
ciated with obesity. Moreover, platelet counts are highly
susceptible to confounding influences—including iron deficiency,
dietary composition, smoking, medication exposure, and latent
infections [76-79]. Without rigorous control for these confounders,
the intrinsic effect of obesity on PLR may be partially attenuated.
Additionally, the inflammatory response induced by obesity
generally represents a low-grade, chronic process, markedly
milder than the high-inflammatory-load states observed in
malignancies, autoimmune diseases, or acute cardiovascular
events [80]. This contrast may help explain why PLR demonstrates
strong predictive value in these highly inflammatory conditions
but inconsistent performance among individuals with simple
obesity. Taken together, the sensitivity of PLR in detecting obesity-
related systemic inflammation appears limited, and its clinical
applicability should be interpreted with caution. Future studies
with larger sample sizes, prospective designs, and stricter
confounder control are warranted to further delineate the role
of PLR across diverse obesity phenotypes and metabolic disease
spectra, and to explore whether PLR may help identify subgroups
characterized by specific inflammatory profiles, rather than serving
as a universal indicator of inflammatory status in obesity.

Compared with NLR, SlI, and SIRI, as composite inflammatory
indices integrating multiple immune cell parameters, demon-
strated stronger effect trends in this study, albeit accompanied by
substantial heterogeneity. Previous research on SIl and SIRI
remains relatively limited, focusing primarily on populations at
high risk for metabolic syndrome, NAFLD, and cardiovascular
disorders [17, 81-84]. This meta-analysis, for the first time,
provides cross-study quantitative evidence showing that Sl and
SIRI levels are consistently elevated in people with obesity,
suggesting that these indices may not only serve as predictors of
metabolic disease risk but also reflect distinct inflammatory
phenotypes associated with obesity. Sl combines neutrophil,
lymphocyte, and platelet counts (N x PLT / L), whereas SIRI
incorporates neutrophil, monocyte, and lymphocyte counts (N x
M / L). Compared with single-ratio inflammatory indices, these
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composite measures can more comprehensively capture the
complex immune landscape in obesity, characterized by
enhanced innate immune activation, suppressed adaptive immu-
nity, and bidirectional regulation between platelets and immune
cells [49, 85]. Therefore, the stronger effects of Sl and SIRI
observed in this study are biologically consistent, further under-
scoring that obesity-related inflammation is not confined to a
single immune cell subset, but rather represents a systemic
process involving multiple pathways and immune lineages.
However, the effect sizes of Sll and SIRI varied substantially across
studies, with particularly pronounced differences in the degree of
inflammatory activation among populations defined as people
with obesity by BMI. This high heterogeneity reflects the intrinsic
complexity and diversity of obesity phenotypes and suggests
significant interindividual variability in fat distribution, metabolic
status, and immune responses.

The subgroup analyses in this study provide further insights into
the sources of observed heterogeneity. Regarding obesity
definition methods, studies using BMI-based classifications
demonstrated more pronounced associations for both NLR and
SlI, whereas those defining obesity by body fat percentage or fat
distribution indices showed similar trends but weaker statistical
stability. This discrepancy may be explained by two main factors.
First, BMI, as the most commonly used tool for assessing obesity, is
suitable for large-scale studies and therefore increases the
likelihood of detecting moderate effect sizes. However, BMI
cannot distinguish between fat and lean mass or reflect fat
distribution, which may mask inflammatory differences across
distinct obesity phenotypes. In contrast, studies using body fat or
visceral adiposity indicators often include higher-risk populations
but tend to have smaller sample sizes, resulting in greater
uncertainty in effect estimates. Thus, the inconsistency between
the two assessment approaches is expected and highlights the
need for future research incorporating refined stratification based
on specific obesity phenotypes. Regional variation also emerged
as a potential factor influencing effect consistency. This study
found that increased NLR and SlI levels were more consistently
observed in studies from Asia and the Americas. Such regional
differences may be related to genetic background, dietary
patterns (e.g. high-fat versus Mediterranean diets), burden of
obesity-related comorbidities, lifestyle behaviors, socioeconomic
factors, variations in inflammation-related gene expression, and
potential sampling or selection biases [86, 87]. Additionally,
differences in laboratory methodologies and analytical standards
may further contribute to variability in biomarker measurements.
Taken together, these findings suggest that obesity-associated
inflammatory responses may exhibit distinct regional epidemio-
logical characteristics, which warrant validation in large-scale,
multicenter, prospective studies in the future.

From a clinical perspective, the findings of this study provide
meaningful insights for obesity management and metabolic risk
assessment. In recent years, increasing attention has been paid to
the immunometabolic interactions linking micronutrient status,
inflammatory activation, and obesity development. A recent study
demonstrated that 25-hydroxyvitamin D [25(0OH)D] deficiency was
significantly associated with obesity in children and adolescents,
with inflammatory markers—particularly NLR and Sll—playing a
partial mediating role in this relationship [88]. These findings
suggest that vitamin D deficiency may contribute to obesity
progression through modulation of systemic inflammatory
responses. This emerging evidence reinforces the concept that
peripheral immune-inflammatory indices are not merely passive
markers of inflammation, but may reflect dynamic regulatory
processes within the inflammation-metabolism axis. In addition,
composite inflammation-immune indices derived from routine
hematological parameters have been proposed to capture multi-
ple biological dimensions simultaneously, including innate-
adaptive immune imbalance, thrombo-inflammatory interactions,
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and nutritional status [89]. Compared with single cytokine
measurements, these indices integrate systemic immune cell
dynamics and may therefore provide a more stable and clinically
practical representation of chronic low-grade inflammation. Within
this broader conceptual framework, the observed elevations in
NLR, SII, and SIRI among people with obesity in our study likely
reflect not only enhanced inflammatory burden but also a
dysregulated immunometabolic state.

Taken together, these mechanistic insights further strengthen
the clinical relevance of our findings. As accessible, low-cost, and
easy-to-use biomarkers derived from routine complete blood
counts, NLR, SII, and SIRI may serve as useful tools to quantify
systemic inflammation in individuals with obesity, particularly in
resource-limited clinical settings where routine cytokine profiling
is not feasible. Moreover, these indices may aid in identifying high-
risk subgroups with elevated inflammatory burden—such as
people with diabetes, metabolic syndrome, cardiovascular risk
factors, or those exhibiting a sarcopenic-obesity phenotype—
thereby supporting earlier and more precise clinical interventions.
Furthermore, these inflammatory markers also hold potential as
indicators for treatment adherence or therapeutic response
monitoring. With the expanding use of GLP-1 receptor agonists,
SGLT2 inhibitors, metabolic surgery, and structured weight-loss
interventions in obesity management, future studies could explore
whether reductions in NLR, SlI, and SIRI levels parallel improve-
ments in inflammatory status, metabolic recovery, or cardiovas-
cular risk reduction. If validated, dynamic monitoring of peripheral
inflammatory indices may represent a low-cost and practical
strategy for therapeutic risk stratification and personalized obesity
management.

This study also possesses several notable strengths. First, to the
best of our knowledge, it represents the first systematic meta-
analysis to simultaneously and comparatively assess the associa-
tions of four peripheral blood inflammatory markers—NLR, PLR,
SlI, and SIRI—with adult obesity. The inclusion of a substantial
number of studies, with large cumulative sample sizes spanning
multiple geographic regions, enhances the representativeness and
generalizability of the findings. Second, the study strictly adhered
to PRISMA guidelines and was prospectively registered, employing
standardized effect size calculations and conducting subgroup,
sensitivity, and publication bias analyses to systematically evaluate
the robustness of the results. These methodological rigor
measures substantially strengthen the reliability and transparency
of the study’s conclusions. Furthermore, unlike previous studies
that focused on a single inflammatory indicator, this research
incorporated multiple dimensions—including definitions of obe-
sity, study design types, regional variation, and comorbidity status
—to explore the heterogeneity underlying the relationship
between inflammatory indices and obesity. By doing so, it
provides an important evidence base for distinguishing distinct
inflammatory phenotypes of obesity and for identifying potential
biomarkers relevant to metabolic and immunologic stratification
in future research.

However, several limitations of this study warrant cautious
interpretation. First, most of the included studies were cross-
sectional or case-control in design, which precludes definitive
conclusions regarding causality between obesity and elevated
inflammatory markers. Moreover, inflammation itself may con-
tribute to the early pathogenesis of obesity, suggesting a
potentially bidirectional relationship. Second, although subgroup
and sensitivity analyses were conducted, substantial residual
heterogeneity persisted. This likely reflects constraints inherent to
the available literature rather than shortcomings of the analytical
strategy. As this meta-analysis was based on aggregated
published data, our ability to adjust for potential confounders—
such as smoking, alcohol consumption, infection status, medica-
tion use, menstrual cycle phase, racial or ethnic variation, and
laboratory testing variability—was limited by inconsistent
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reporting and non-uniform definitions across studies. Conse-
quently, quantitative adjustment through meta-regression was
not feasible. In addition, variability in obesity definitions—
including differences in BMI thresholds, body fat percentage
criteria, and visceral adiposity indices—may have further reduced
comparability across studies. Although Egger's test did not
indicate significant publication bias, the possibility of under-
reporting of null or negative findings cannot be entirely excluded,
particularly in inflammation-related research where positive
associations are more likely to be published. Finally, the relatively
small number of studies available for PLR, Sll, and SIRI analyses—
some with limited sample sizes and heterogeneous reporting
formats—may affect the stability of the pooled estimates. Future
well-designed, large-scale prospective studies with standardized
obesity phenotyping and harmonized covariate reporting are
needed to more precisely delineate the independent associations
and clinical applicability of these immune-inflammatory indices in
people with obesity.

This systematic review and meta-analysis revealed that NLR, SlI,
and SIRI levels were significantly elevated among individuals with
obesity, further supporting the notion that obesity represents a
chronic, low-grade inflammatory state characterized by systemic
immune activation. In contrast, PLR did not show consistent
differences between people with obesity and people without
obesity, suggesting its limited clinical utility in assessing obesity-
related inflammation. Future research should employ rigorously
designed prospective cohorts or interventional trials, incorporat-
ing standardized obesity phenotyping frameworks and uniform
analytical protocols, to validate the clinical relevance of these
blood cell-derived inflammatory indices in risk stratification,
prediction of obesity-related complications, and evaluation of
therapeutic efficacy. Furthermore, integrating these indices with
conventional inflammatory biomarkers (such as CRP, IL-6, and
TNF-a) and metabolic indicators may enable the establishment of
a comprehensive “inflammation-metabolism phenotype” assess-
ment framework, thereby providing a scientific foundation for the
precise identification of inflammation-driven obesity and the
development of personalized intervention strategies.

CONCLUSIONS

This meta-analysis demonstrated that NLR, SlI, and SIRI levels are
significantly elevated in adults with obesity, indicating an
association between obesity and systemic immune-inflammatory
activation, whereas PLR showed no consistent difference. Further
high-quality, standardized prospective studies are warranted to
validate their clinical utility in predicting obesity-related complica-
tions and monitoring therapeutic outcomes.
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