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Highlights
What are the main findings?

e  We synthesized evidence from 24 studies and demonstrated that the NLR, an index
of peripheral immune balance, is greater in people with fibromyalgia.

e  Our findings fit within a neuroimmune conceptual framework that emphasizes pe-
ripheral-central immune-neural interfaces and their relevance to neural adaptations
in fibromyalgia.

What are the implications of the main findings?

e The NLR may represent a cost-effective “state-dependent” index of peripheral im-
mune balance to help classify subgroupings of people with fibromyalgia.

e  This neuroimmune framework may help inform future mechanistic studies integrat-
ing peripheral immune markers with neurobiological and clinical outcomes.

Abstract

Background/Objectives. Alterations in systemic immune balance, reflected by changes in
neutrophil and lymphocyte proportions, index a peripheral immune state relevant to cen-
tral nervous system function. This systematic review and meta-analysis aimed to assess
the differences in the neutrophil-to-lymphocyte ratio (NLR) between fibromyalgia pa-
tients and healthy controls and offer a framework to study fibromyalgia. Methods. We
adhered to Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and registered our work on PROSPERO (CRD420251001424). Two
authors performed a comprehensive search of databases, including PubMed, Embase,
Web of Science, and Scopus, until August 2025. The Newcastle-Ottawa Scale (NOS) was
used for bias risk assessment, and STATA 19.0 software was used for statistical analyses.
The standardized mean difference (SMD) and 95% confidence interval (CI) of the NLR
were reported. Finally, 24 studies with 3143 fibromyalgia patients and 1610 healthy con-
trols were included in our meta-analysis. Results. The results indicated that patients with
fibromyalgia had elevated NLRs compared to healthy controls (SMD = 0.30; 95% CI=0.07-
0.52; p = 0.01). Our results showed no publication bias. A bivariate random-effects meta-
analysis on the diagnostic accuracy of the NLR showed a summary sensitivity of 0.74 (95%
CI: 0.62-0.83) and a summary specificity of 0.63 (95% CI: 0.51-0.73). Conclusions. Our
meta-analysis supports the fact that the NLR is significantly different between patients
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with fibromyalgia and healthy controls. We conceptualize the idea that the NLR may be
used as a “state-dependent” peripheral marker indexing the susceptibility of central nerv-
ous system sensitization, pain amplification, and responsiveness to future therapies.

Keywords: neuroinflammation; immunity; fibromyalgia; neutrophil-to-lymphocyte ratio;
NLR

1. Introduction

Fibromyalgia is a central sensitivity pain amplification disorder that has a significant
social impact including absenteeism from work, lower productivity, disability and injury
compensation, and the excessive use of healthcare resources [1]. Although this disorder is
believed to involve mechanisms such as central sensitization, immune imbalance,
neuroinflammation, and the dysfunction of the neuroendocrine and autonomic nervous
systems, its precise cause is still not fully understood [2]. Increasingly, these biological
mechanisms are understood within a broader biopsychosocial framework, in which
immune-related and neurogenic inflammatory processes interact with psychological and
clinical manifestations of fibromyalgia [3].

Numerous studies indicate that the early detection of this disease can enhance patient
outcomes and allocate essential healthcare resources towards more suitable targeted
therapies [4,5]. Initiatives have been undertaken to enhance diagnostic precision via
revised criteria. The original 1990 American College of Rheumatology (ACR) criteria for
diagnosing fibromyalgia primarily emphasized the existence of painful tender spots
distributed globally [6]. Numerous modifications to the criteria have been made, with the
latest revision focusing on a mix of pain and various symptoms [7]. Although diagnostic
criteria for fibromyalgia have evolved over the past three decades, challenges persist, in-
cluding delayed recognition, limited utility in routine practice, and frequent misdiagnoses
[8]. The identification of an index that offers a broad framework for studying fibromyalgia
may assist in classifying sub-types, develop mechanistic studies, and assess future
therapies [1].

Recent studies have indicated the significance of neuroinflammatory pathways and
biomarkers in fibromyalgia, which may serve to objectively validate a diagnosis of the
condition [2]. In fact, existing evidence suggests that interactions between immune system
and neural pain networks in fibromyalgia are bidirectional, occurring at both the central
and peripheral levels [9]. Neutrophils and lymphocytes represent two primary
components of the systemic immune balance [10]. The neutrophil-to-lymphocyte ratio has
been documented as a valuable index in various pain syndromes, including chronic
headache syndromes [11], trigeminal neuralgia [12], postherpetic neuralgia [13], diabetic
neuropathy [14] and fibromyalgia [15-38].

Alterations in systemic immune balance, reflected by changes in neutrophil and
lymphocyte proportions, may index a peripheral immune state relevant to central nervous
system function [39]. Peripheral immune activity can interact with the central nervous
system via cytokine-mediated signalling, autonomic pathways, and endothelial mecha-
nisms at the blood-brain interface [39,40]. These interactions may contribute to glial prim-
ing and neuroimmune modulation, increasing susceptibility to central sensitization and
pain amplification [40]. Conceptually, the NLR may represent a state-dependent periph-
eral index that reflects this immune—neural interface rather than a direct measure of neu-
roinflammation. To our knowledge, no previous meta-analysis has examined the involve-
ment of the NLR in patients with fibromyalgia. Accordingly, we aimed to assess whether
there are differences in the NLR between fibromyalgia patients and healthy controls.
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2. Materials and Methods
2.1. Study Design

We adhered to Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines to maintain transparency throughout the systematic review process
[41]. The completed PRISMA checklist is provided as Supplementary Tables S1 and S2.
This research was registered on PROSPERO (CRD420251001424). Two authors
individually carried out study selection, data extraction, and quality assessment; any
disagreements were resolved by consulting a third author.

2.2. Search Strategy

A comprehensive search of databases, including PubMed, Embase, Scopus, and Web
of Science, was performed until August 2025. The search phrases “Fibromyalgia” AND
(“neutrophil to lymphocyte ratio” OR NLR) were employed to obtain pertinent articles.
Medical Subject Headings (MeSH) were used in the search process. The authors also
performed a comprehensive review of the reference lists of the obtained papers to identify
more relevant studies. The searches were unrestricted by publication date or language.
Table 1 outlines the precise search approach employed for each database.

Table 1. Exact search strategy of each database.

ALL ((“Fibromyalgia”) AND (“Neutrophil to lymphocyte ra-

Scopus tio” OR “NLR")) 222
Web of Science ALL = ((“Neutrophil :[,O 'lymphocy"ce"ratio" OR “NLR”) and 19
Fibromyalgia”)
(“Neutrophil to lymphocyte ratio” [All Fields] OR “NLR”[All
PubMed Fields]) AND (“Fibromyalgia”[All Fields] OR “fibromyal- 22
gia”[MeSH Terms])

(“neutrophil to lymphocyte ratio”/exp OR “neutrophil to lym-
Embase phocyte ratio” OR “NLR”) AND (“fibromyalgia”/exp OR “fi- 44
bromyalgia”)

2.3. Eligibility Criteria

Eligibility for inclusion in this meta-analysis was based on the following criteria: (1)
Study design—observational studies. (2) Participants—patients with a definitive
diagnosis of fibromyalgia and healthy controls. (3) Comparative data on blood NLR level
between fibromyalgia cases and healthy controls could be obtained. The exclusion criteria
included: (1) duplicate data; (2) letters, reviews, conference abstracts, or meta-analyses; (3)
studies using non-human subjects. Two researchers separately conducted the preliminary
screening by examining titles and abstracts and thereafter made the final determinations
after evaluating the full texts. Conflicts between reviewers were discussed with a third
author.

2.4. Data Extraction and Measurements

The information obtained from each article included the surname of the first author,
publication year, sample sizes, study location, mean age, female percentage, Body Mass
Index (BMI), Fibromyalgia Impact Questionnaire (FIQ) score, Visual Analogue Scale
(VAS) pain score, tender point count, fibromyalgia diagnosis criteria, serum NLR in cases
and controls, and NLR sensitivity and specificity in fibromyalgia.
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2.5. Quality Assessment

The Newcastle-Ottawa Scale (NOS) was used for bias risk assessment [42], with a
total score of 9 points. Studies that received scores of 0—4 were classified as low-quality,
those with scores of 5-6 were deemed moderate-quality, and studies with scores from 7
to 9 were categorized as high-quality [43-45]. A consensus was achieved in the event of
any differences during the assessment.

2.6. Statistical Analysis

All statistical analyses were conducted using STATA 19.0 software (StataCorp,
College Station, TX, USA). The standardized mean difference (SMD) and 95% confidence
interval (CI) of the NLR were computed for each included study.

Heterogeneity was evaluated using the Q test and I*> statistic [46]. When
heterogeneity was substantial (p <0.1 or I>>50%), we employed the random-effects model
to assess the overall effect; otherwise, we used the fixed-effects model. Subgroup and
meta-regression analyses were used to examine the probable sources of heterogeneity
[47,48]. Subgroup analysis was categorized by sex, diagnostic criteria, and country.
Additionally, separate univariable meta-regression analyses were performed using
sample size, FIQ score, NOS score, mean age of patients, female percentage, BMI, VAS,
and the number of tender point counts as covariates to investigate possible sources of
heterogeneity. We used Wan et al.’s method to transform the median and interquartile
range (IQR)/range to the mean and standard deviation (SD) [49].

Subgroup analyses and meta-regression were conducted using the full set of
included studies to explore sources of heterogeneity. However, sensitivity analyses were
performed by restricting analyses to studies reporting outcomes as the mean + SD, thereby
excluding studies requiring transformation from median-based summary statistics, to
assess the robustness of the findings to data transformation.

We applied a bivariate random-effects regression model, implemented using the
metandi command in STATA, to estimate sensitivity, specificity, positive and negative
likelihood ratios, the diagnostic odds ratio (DOR), and their associated 95% Cls.

Begg’s rank correlation test, the creation of a funnel plot, and Egger’s linear
regression were conducted to assess publication bias for the SMD meta-analysis [50]. A
two-tailed p value of less than 0.05 was considered statistically significant.

3. Results
3.1. Search Results

Figure 1 shows the PRISMA flow diagram of the selection process of studies. Initially,
318 records were identified. Finally, 24 studies with 3143 fibromyalgia patients and 1610
healthy controls were included in this meta-analysis after deleting duplicates and a two-
step screening of the remaining studies, the first one being based on title/abstract and the
second one based on full texts [15-38]. The general characteristics of the included studies
are shown in Table 2.
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Table 2. Characteristics of included studies.

Fibromyalgia Pa- . g
Healthy Control - -
Females VAS Ten-der Diagnostic tients ealthy -ontro’s SeI}SItIV Sp?mﬁc NOS
Author Year Country Mean Age o Language BMI  FIQ Pain Point Criteria Num Num ity ity Score
’ Count NLR NLR  of NLR of NLR
ber ber
Akaltun .
15 2019 Tukey 4478 9560  English 2810 63.88 - - 2010ACR 91 196+093 33 16606 - - 6
Aktiirk )
gg 2017 Turkey 3974 8527  English 2717 - - - 1990ACR 197 193+073 53 1.65+06 67.5% 58% 4
Al-Nimer .
a7 2018 Treg 416 86.66  English - 612 - 139 2010ACR 150 199023 40 211+020 - - 6
Aslaner , Not de- 1.80 [0.69- 1.50 [0.69-
. - - - - 7 00 OO
1o 2022 Turkey 54.3 90 English ared 30 TSR 0%  56% 5
Ata[20] 2019  Turkey 45.0 93  Turkish 266 - - - 1990ACR 200 181+067 65 184+111 - - 6
Atgﬁlu 2018 Turkey 3858 100 English 2502 5623 612 1431 1990ACR 48 201084 36 181+056 - - 7
Dogan [22] 2023  Turkey - - English - - - - 2016 ACR 87 194+096 40 1.87+0.51 - - 6
Ege[23] 2023  Turkey 36.9 80 English 288 - - - ACR2016 40 19:05 40 19060 - - 6
El'[iz"y 2024  Egypt 3347 100  English - 675 - - 2010ACR 30 1506 30 12£030 - - 8
Guntel [26] 2021 Turkey  47.23 930  English - - - - 2013ACR 43 192:+08 49 166+054 - - 5
llgun[27] 2016  Turkey 43.9 80 English 283 - - 150 1990ACR 70 19%06 52 17x06 - - 6
Ka[’;a;ag 2019 Turkey  49.13 100  English 29.06 - - - 2010ACR 98 207+106 38 184x059 - - 6
Karatas , 1.86 [0.13— 1.27 [0.59-
. - - - - - 2010ACR 188 64 - 7
29] 2020  Turkey 48.4 English 19.83] 6.11]
Kolré(g]“az 2022 Turkey  37.3 100  English 297 - - - AAPT 98 20+076 89 18048 - - 7
Molina . .
s 2019 Spain 52.34 100  English 2614 6073 616 -  1990ACR 35 227+099 12 239113 - - 7
Pa?;;‘:u 2021  Turkey 414 100  English 260 7043 775 125 1990ACR 80 1.8[0.6-49] 61 17[04-39] - - 8
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Tegzr]mz 2022 Turkey 427 8076  English - - - - 2016ACR 26 19408 25 154:060 - - 5
. Not de- 1.84 [0.54 1.80 [0.29-
Tezel [36] 2020 Turkey  44.43 907  English - - - - et 26 om 1% 1am - - 6
63 (2.90— 2.11 (1.56-
Varim [38] 2021 Turkey 414 9509  English 296 - - - 2010ACR 489 362 és)g 0 27 3(3 4)56 89%  62% 6
) Based on
Almirall . . .. .
[18] 2025 Spain 49.4 83.9% English 273 718 - - clinical crite- 112  1.8+0.5 112 14+02 70.54% 82.14% 8
ria
Ell
e[;%izen 2024 Turkey  47.84 8899  Turkish - - - - 2010ACR 109 1.64+052 82 157+035 - - 9
Raikan )
a3 2025 Turkey 4910 9266  English - - - - 2016ACR 109 194+069 85 171+0.64 624% 50% 6
o ACR 1990
Sarg;l]dlz 2024 Turkey 4517 845  English - - - - and/or2010 502 1'92 %‘)49_ 90 1‘72 (211')43_ - 9
and/or 2016 ’ '
Topaloglu . 1.83 [0.71- 2[0.95-
2025  Turk 44, 1 English  28.68 70. - - 2016 ACR -
71 025 Turkey 6 00 nglish  28.68 70.06 016 ACR 95 i3 B ise) 8

Data are presented using the following formats as reported in the original studies: mean + standard deviation (SD); median [interquartile range (IQR)]; or median

(range). Bracket notation [ ] indicates interquartile ranges, whereas parentheses () indicate full ranges. Mean age, mean BMI, percentage of female patients, mean

FIQ, VAS pain, and tender point count refer to fibromyalgia (case) groups unless otherwise specified. NLR = Neutrophil-to-Lymphocyte Ratio; ACR = American
College of Rheumatology; VAS = Visual Analogue Scale; AAPT = ACTTION-APS Pain Taxonomy; FIQ = Fibromyalgia Impact Questionnaire; NOS = Newcastle—
Ottawa Scale; BMI = Body Mass Index.
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Figure 1. The PRISMA flow diagram of the selection process of studies.

3.2. Differences in NLR Between Patients with Fibromyalgia and Healthy Controls

Given the presence of substantial heterogeneity, the pooled analysis was conducted
using a random-effects model (I>=91.7%, p < 0.001). The results demonstrated that patients
with fibromyalgia exhibited higher NLRs compared to healthy controls (SMD = 0.30; 95%
CI=0.07-0.52; p =0.01), as shown in Figure 2. The sensitivity analysis restricted to studies
reporting the mean and SD directly yielded comparable results (SMD = 0.26; 95% CI =
0.09-0.44; p = 0.003), supporting the robustness of the findings to data transformation
(Figure 3). In addition, according to our predefined quality assessment criteria, one study
was classified as low-quality. However, sensitivity analysis excluding this study showed
that the pooled effect size remained statistically significant (SMD = 0.29; 95% CI: 0.05-0.52;
p = 0.016), suggesting that the overall findings were robust and were not substantially
influenced by its inclusion.

3.3. Subgroup Analysis

When stratified by sex, studies including both women and men showed higher NLRs
in fibromyalgia (SMD = 0.33; 95% CI = 0.04-0.62; p = 0.02), whereas studies limited to
women did not show a clear difference (SMD = 0.20; 95% CI = 0.05-0.45; p = 0.11), as
illustrated in Figure 4. The between-group comparison was not statistically significant,
indicating that sex distribution did not explain heterogeneity.

Subgroup analysis based on diagnostic criteria showed that studies using the 1990
ACR criteria reported higher NLR values in fibromyalgia patients (SMD = 0.24; 95% CI =
0.06-0.42; p = 0.01). No clear difference was observed for studies using the 2010 ACR
criteria (SMD = 0.44; 95% CI =-0.03-0.91; p = 0.06), 2013 ACR criteria (SMD = 0.39; 95% CI
= —0.03-0.80; p = 0.06), or 2016 ACR criteria (SMD = 0.10; 95% CI = -0.20-0.41; p = 0.50).
Similarly, studies using other or undeclared diagnostic criteria showed no clear evidence
of higher NLRs (SMD =0.38; 95% CI =-0.47-1.24; p =0.38). The lack of significant between-
subgroup differences indicates that diagnostic criteria did not significantly contribute to
heterogeneity (Figure 5). In other words, although only studies using the 1990 ACR
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criteria demonstrated a statistically significant increase in the NLR, the absence of

significant between-subgroup differences suggests that diagnostic criteria do not

substantially modify the association between the NLR and fibromyalgia. Therefore, the

observed differences across diagnostic subgroups should be interpreted cautiously and

may reflect differences in statistical power rather than distinct disease phenotypes.

Effect %
Author (Year) (95% Cl) Weight
Akaltun (2019) —— 0.35(-0.05,0.75)  4.09
Akturk (2017) —— 0.40 (0.09, 0.70) 4.32
Al-Nimer (2018) —_— ! -0.54 (-0.89,-0.18) 4.21
Aslaner (2022) ———&—— 0.82(0.30, 1.35) 3.74
Ata (2019) — -0.04 (-0.32,0.24) 4.38
Ataoglu (2018) ——— 0.27 (-0.16,0.71)  4.00
Dogan (2023) —t— 0.08 (-0.29,0.46)  4.16
Ege (2023) — 0.00 (-0.44,0.44)  3.99
El-Sawy (2024) —_— 0.63 (0.11, 1.15) 3.76
Guntel (2021) —— 0.39 (-0.03,0.80)  4.06
ligun (2016) —:o— 0.33(-0.03,0.69)  4.19
Karadag (2019) —— 0.24 (-0.13,0.62)  4.16
Karatas (2020) ' —¢—— 1.13(0.83, 1.43) 4.33
Korkmaz (2022) —— 0.34 (0.05, 0.63) 4.36
Molina (2019) —_— -0.12(-0.77,0.54)  3.36
Pamukcu (2021) P — 0.42 (0.08, 0.76) 4.25
Tertemiz (2022) —— 0.56 (0.00, 1.12) 3.64
Tezel (2020) —— \ -0.61(-0.81,-0.41) 4.53
Varim (2021) | —— 1.07 (0.91, 1.24) 4.58
Almirall (2025) \ —— 1.05(0.77,1.33) 4.38
Ellergezen (2024) —— 0.15(-0.13,0.44)  4.36
Raikan (2025) —— 0.34 (0.06, 0.63) 4.37
Sariyildiz (2024) T—— 0.19 (-0.04,0.41)  4.49
Topaloglu (2025) —_— ! -0.35(-0.67,-0.03) 4.29
Overall, DL (I° = 91.7%, p < 0.001) <> 0.30 (0.07, 0.52) 100.00

T
0 1

NOTE: Weights are from random-effects model

Figure 2. Meta-analysis of differences in NLR between patients with fibromyalgia and healthy con-

trols.

Author (Year)

Akaltun (2019)
Akturk (2017)
Al-Nimer (2018)
Ata (2019)
Ataoglu (2018)
Dogan (2023)
Ege (2023)
El-Sawy (2024)
Guntel (2021)
ligun (2016)
Karadag (2019)
Korkmaz (2022)
Molina (2019)
Tertemiz (2022)
Almirall (2025)
Ellergezen (2024)
Raikan (2025)

Overall, DL (I° = 74.8%, p < 0.001)

Effect
(95% Cl)

0.35 (-0.05, 0.75)
0.40 (0.09, 0.70)
-0.54 (-0.89, -0.18)
-0.04 (-0.32, 0.24)
0.27 (-0.16, 0.71)
-0.29, 0.46)
-0.44, 0.44)

0.63 (0.1, 1.15)

(
0.08 (
(
(
(
(
(
(

0.00
0.39 (-0.03, 0.80)
-0.03, 0.69)
-0.13, 0.62)

0.33
0.24
0.31(0.02, 0.60)

-0.12 (-0.77, 0.54)
0.56 (0.00, 1.12)
1.05 (0.77, 1.33)
0.15 (-0.13, 0.44)
0.34 (0.06, 0.63)
0.26 (0.09, 0.44)

%
Weight

5.76
6.58
6.17
6.79
5.47
5.98
5.44
479
5.65
6.10
5.97
6.72
3.84
4.48
6.79
6.73
6.74

100.00

NOTE: Weights are from random-effects model
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Figure 3. Sensitivity analysis restricted to studies reporting mean and standard deviation directly.

Effect %

Subgroup and Author (Year) (95% CI) Weight
Women
Ataoglu (2018) —— 0.27 (-0.16,0.71)  4.00
El-Sawy (2024) —_— 0.63(0.11,1.15)  3.76
Karadag (2019) —— 0.24 (-0.13,062) 4.16
Korkmaz (2022) —— 0.31(0.02,060) 4.36
Molina (2019) —_—— -0.12(-0.77,0.54) 3.36
Pamukcu (2021) —_— 0.42(0.08, 0.76) 4.25
Topaloglu (2025) — ! -0.35 (-0.67, -0.03) 4.29
Subgroup, DL (I = 65.2%, p = 0.009) -<:> 0.20 (-0.05, 0.45) 28.18

'
Women and men :
Akaltun (2019) +—— 0.35(-0.05,0.75)  4.09
Akturk (2017) —— 0.40 (0.09,0.70)  4.32
Al-Nimer (2018) —_— | -0.54 (-0.89,-0.18) 4.21
Aslaner (2022) ——%—— 082(030,1.35) 374
Ata (2019) —‘—: -0.04 (-0.32,0.24) 4.38
Dogan (2023) —_— 0.08 (-0.29, 0.46)  4.16
Ege (2023) — 0.00 (-0.44,0.44)  3.99
Guntel (2021) —— 0.39 (-0.03,0.80)  4.06
ligun (2016) —— 0.33(-0.03,0.69) 4.19
Karatas (2020) ' —— 1.13(0.83,143) 433
Tertemiz (2022) —— 0.56 (0.00,1.12)  3.64
Tezel (2020) —— ! -0.61(-0.81,-0.41) 4.53
Varim (2021) | —— 1.07 (0.91,1.24) 458
Almirall (2025) ! —%—  105(0.77,1.33) 438
Ellergezen (2024) —— 0.15(-0.13,0.44) 436
Raikan (2025) —— 0.34(0.06,0.63)  4.37
Sariyildiz (2024) > 0.19 (-0.04, 0.41)  4.49
Subgroup, DL (I = 93.7%, p <0.001)  |<ZT—> 0.33(0.04,0.62) 71.82

|
Heterogeneity between groups: p = 0.505| :
Overall, DL (I* = 91.7%, p < 0.001) <> 0.30 (0.07,0.52) 100.00

T T
-1 0 1

NOTE: Weights and bety ibgroup ity test are from random-effects model

Figure 4. Subgroup analysis of differences in NLR between patients with fibromyalgia and healthy

controls, based on sex.

Effect %
Subgroup and Author (Year) (95% CI) Weight
1990 ACR
Akturk (2017) —— 0.40(0.09,0.70) 451
Ata (2019) ! -0.04 (-0.32,0.24) 4.57
Ataoglu (2018) —_ 0.27 (-0.16,0.71)  4.20
Iigun (2016) —— 0.33(-0.03,0.69) 4.39
Molina (2019) —_—— -0.12(:0.77,0.54) 357
Pamukeu (2021) —— 0.42(0.08,0.76)  4.44
Subgroup, DL (I = 31.5%, p = 0.199) <> 0.24 (0.06, 0.42) 25.69
|
2010 ACR H
Akaltun (2019) —— 0.35(-0.05,0.75)  4.29
Al-Nimer (2018) —_— ! -0.54 (-0.89, -0.18) 4.41
El-Sawy (2024) —t—— 0.63(0.11,1.15)  3.97
Karadag (2019) —— 0.24(-0.13,0.62) 435
Karatas (2020) ' —— 1.13(0.83,143) 452
Varim (2021) ! ——  1.07(091,124) 476
Ellergezen (2024) - 0.15(-0.13,0.44) 4.55
Subgroup, DL (I = 93.7%, p < 0.001) — — 0.44 (-0.03, 0.91) 30.85
|
2013ACR H
Guntel (2021) —T— 0.39 (-0.03,0.80) 4.26
Subgroup, DL (I* = 0.0%, p < 0.001) i 0.39 (-0.03,0.80) 4.26
T
|
2016 ACR |
Dogan (2023) —_—— 0.08 (-0.29,0.46)  4.35
Ege (2023) —_— 0.00 (-0.44, 0.44) 4.19
Tertemiz (2022) ——— 056 (0.00, 1.12)  3.85
Raikan (2025) —_— 0.34(0.06,0.63)  4.56
Topaloglu (2025) ! -0.35 (-0.67,-0.03) 4.48
Subgroup, DL (I = 69.7%, p = 0.010) <:} 0.10 (-0.20, 0.41) 21.43
|
Not decalared/other criteria !
Aslaner (2022) ——e—— 082(030,1.35) 394
Korkmaz (2022) —— 0.31(0.02,0.60) 455
Tezel (2020) —— ! -0.61(-0.81,-0.41) 4.71
Almirall (2025) ! —%—  1.05(0.77,1.33) 457
Subgroup, DL (I = 97.1%, p < 0.001) == 038 (-047,124) 17.77
|
Heterogeneity between groups: p = 0.732 !
Overall, DL (I’ = 92.0%, p < 0.001) <> 0.30 (0.06, 0.54) 100.00
T T
- [ 1
NOTE: Weights and b b test are from random-cffects model

Figure 5. Subgroup analysis of differences in NLR between patients with fibromyalgia and healthy

controls, based on diagnostic criteria.
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In addition, in the subgroup analysis based on country, we found that studies
conducted in Turkey reported significantly higher NLR values in fibromyalgia patients
compared with controls (SMD = 0.30; 95% CI = 0.06-0.54; p = 0.01). In contrast, studies
conducted outside Turkey showed no significant difference in NLR values (SMD = 0.27;
95% CI =-0.59-1.12; p = 0.54). However, the between-subgroup heterogeneity test was not
significant (p = 0.94), suggesting that country did not significantly contribute to the
observed heterogeneity (Figure 6).

Effect %
Subgroup and Author (Year) (95% ClI) Weight
Turkey
Akaltun (2019) +—— 0.35(-0.05,0.75)  4.09
Akturk (2017) —— 040 (0.09,070)  4.32
Aslaner (2022) ———%——— 082(030,135) 374
Ata (2019) — 004 (-0.32,024) 4.38
Ataoglu (2018) - 0.27(-0.16,0.71)  4.00
Dogan (2023) —_— 0.08(-0.29,0.46) 4.16
Ege (2023) —— 0.00 (-0.44,0.44)  3.99
Guntel (2021) —— 0.39(-0.03,0.80)  4.06
ligun (2016) —— 033(-0.03,069) 4.19
Karadag (2019) - 0.24(-0.13,062) 4.16
Karatas (2020) ' —— 1.13(0.83,143) 433
Korkmaz (2022) —— 0.31(0.02,060)  4.36
Pamukcu (2021) —— 042(0.08,076)  4.25
Tertemiz (2022) ——— 0.56 (0.00,1.12)  3.64
Tezel (2020) — : -0.61(-0.81,-041) 453
Varim (2021) N ——  107(091,124) 458
Ellergezen (2024) T 0.15(0.13,0.44) 436
Raikan (2025) —_— 034(0.06,063)  4.37
Sariyildiz (2024) —— 0.19(-0.04,0.41)  4.49
Topaloglu (2025) — 035 (-0.67,-0.03) 4.29
Subgroup, DL (I = 91.6%, p < 0.001) <> 0.30(0.06,054) 84.28
1
Non-Turkey :
Al-Nimer (2018) —_— : -0.54 (-0.89,-0.18) 4.21
El-Sawy (2024) B — 063(0.11,1.15)  3.76
Molina (2019) —0——: -0.12(-0.77,0.54)  3.36
Almirall (2025) ' —%—  105(0.77,133) 4.38
Subgroup, DL (I = 94.1%, p < 0.001) =} 0.27 (059, 1.12) 15.72
|
Heterogeneity between groups: p = 0.942 :
Overall, DL (I* = 91.7%, p < 0.001) <> 0.30(0.07,052) 100.00
T T

-1 0 1

NOTE: Weights and bet bgroup test are from random-effects model

Figure 6. Subgroup analysis of differences in NLR between patients with fibromyalgia and healthy

controls, based on country.

3.4. Meta-Regression

Sample size (coefficient = 0.0005; 95% CI: —0.0009 to 0.0020; p = 0.44), NOS score
(coefficient = 0.006; 95% CI: -0.18 to 0.19; p = 0.94), BMI (coefficient = 0.04; 95% CI: -0.15 to
0.23; p = 0.65), mean age (coefficient = 0.01; 95% CI: -0.03 to 0.06; p = 0.59), female
percentage (coefficient = -0.004; 95% CI: -0.04 to 0.03; p = 0.80), FIQ score (coefficient =
0.04; 95% CI: —0.05 to 0.13; p = 0.31), VAS score (coefficient = 0.16; 95% CI: -1.82 to 2.14; p =
0.48), and tender point count (coefficient = -0.04; 95% CI: —-1.32 to 1.24; p = 0.97) showed
no meaningful association with the effect size.

Residual heterogeneity remained high across most models (I2_residual = 88-93%),
indicating that none of these covariates adequately accounted for the between-study
variability. Although residual heterogeneity was estimated as 0% in the VAS model, this
finding is limited by the inclusion of only three studies and likely reflects insufficient data
rather than a true explanation of heterogeneity.

3.5. Sensitivity and Specificity of NLR

A bivariate random-effects meta-analysis of five studies showed a summary
sensitivity of 0.74 (95% CI: 0.62-0.83) and a summary specificity of 0.63 (95% CI: 0.51-0.73).
The test demonstrated a positive likelihood ratio of 1.99 (95% CI: 1.41-2.81) and a negative
likelihood ratio of 0.42 (95% CI: 0.27-0.65). In addition, the DOR was 4.80 (95% CI: 2.28—
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Standard error of effect size
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10.11). The five studies included in the bivariate random-effects model for diagnostic
accuracy were Aktiirk et al. [15], Aslaner et al. [18], Varim et al. [37], Almirall et al. [17],
and Raikan et al. [32].

3.6. Publication Bias

As seen in our symmetrical funnel plot in Figure 7, our results showed no publication
bias (Egger’s test p =0.99; Begg's test p = 0.70).

Funnel plot with pseudo 95% confidence limits
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Figure 7. Funnel plot assessing publication bias.

4. Discussion

Our meta-analysis showed that individuals with fibromyalgia had higher NLRs com-
pared to healthy individuals. Although this difference was statistically significant, the ef-
fect size was small, and the specificity of the NLR was modest. These findings suggest that
while the NLR may reflect underlying alterations in immune balance, its utility as a
standalone diagnostic or prognostic biomarker is limited, and it should be interpreted in
conjunction with clinical assessment and established diagnostic criteria. Accordingly,
these findings are best interpreted as hypothesis-generating and supportive of broader
mechanistic investigation rather than immediate clinical application.

The NLR illustrates the equilibrium between neutrophils, essential components of
the innate immune response whose levels may be increased during acute and chronic in-
flammation, and lymphocytes, essential components of the adaptive immune response
whose levels may be diminished in inflammatory or stress-related circumstances [10]. Re-
cent information on this well-researched subject suggests that fibromyalgia has an immu-
nological basis [51] that may be associated with an inflammatory state characterized by
cytokines/chemokines, lipid mediators, oxidative stress, and other plasma-derived com-
ponents [51]. The NLR may assist in hypothesis development for future mechanistic tar-
gets for immune and inflammatory pathways implicated in fibromyalgia.

Alongside the NLR, other biomarkers have been investigated in fibromyalgia, includ-
ing genetic variations (such as polymorphisms in serotonin transporter-linked promoter
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region (5-HTTLPR) and Catechol-O-methyltransferase (COMT) and proinflammatory cy-
tokines, such as interleukin (IL)-8 [1,52]. In addition, recent studies suggest that biological
susceptibility in fibromyalgia may also involve genetic factors influencing psychological
symptoms, stress regulation, and pain processing [53]. Incorporating genetic, epigenetic,
immune, neurobiological, geographic, and secondary co-morbidity factors into the model
may assist in explaining the substantial heterogeneity. In our current analysis, subgroup
and meta-regression models did not identify significant contributors to the variability,
and this therefore represents a key limitation when interpreting the pooled effect size.
Importantly, these findings should be interpreted as primarily hypothesis-generating
given the unexplained heterogeneity.

The NLR is distinguished as an economical, readily available indicator of an immu-
nological state that can be assessed with standard blood testing [54]. Our meta-analysis
highlights a clear difference between the NLR among people with and without fibromyal-
gia, but despite its statistical significance, the modest effect size suggests other contrib-
uting factors. Accordingly, the potential hypothesis development utility of using the NLR
to stratify fibromyalgia patients based on a peripheral immune state is just one step in
fully understanding the complexity of fibromyalgia. Additional research is needed to de-
termine whether the NLR complements other cost-effective markers such as the erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), genetic testing, psychological
testing, and patient-reported outcomes in people with fibromyalgia.

Beyond the between-group differences demonstrated in the current meta-analysis,
several individual studies have explored additional clinical applications of the NLR in
fibromyalgia. Akaltun et al. reported a positive correlation between the NLR and depres-
sive symptoms, showing that higher NLR values were associated with higher scores on
the Hamilton Depression (HAM-D) rating scale (p < 0.05, r =0.24) [15]. Similarly, Almirall
et al. found that patients with severe disease (FIQR > 59) had higher NLR values compared
to those with non-severe disease (1.9 £ 0.5 vs. 1.7 £ 0.4; p = 0.008) [18].

Several studies have already begun to build clinical models. For example, El-Sawy et
al. reported no significant correlation between the NLR and FIQR (p = 0.06) [24]. Likewise,
Karadag et al. observed no association between the NLR and clinical indicators such as
VAS or FIQ scores (p > 0.05) [28]. Pamukcu et al. similarly found no significant correlations
between the NLR and FIQ, VAS pain, VAS fatigue, or tender point count [32]. Jayakrish-
nan et al. found no correlation between the NLR and FIQR or VAS pain (p =0.75 and 0.44,
respectively), and NLR values were comparable between patients with severe and
mild/moderate VAS pain (p = 0.55) [55].

Other studies assessed changes in the NLR following therapeutic interventions. Inci
et al. demonstrated a significant reduction in the NLR after acupuncture treatment (1.85 +
0.09 vs. 1.56 + 0.06, p < 0.001), with the NLR correlating with FIQ (p = 0.04) but not VAS
scores (p = 0.12) [56]. Similarly, Aslaner et al. reported a significant decrease in the NLR
following wet cupping therapy (1.80 [0.60-4.10] to 1.60 [0.49-5.87], p = 0.01) [19]. Taken
together, the NLR illustrates the equilibrium between neutrophils, essential components
of the innate immune response, and lymphocytes, essential components of the adaptive
immune response, that may assist when assessing symptoms and/or interventions among
people with fibromyalgia.

Fibromyalgia is increasingly conceptualized as a disorder of central nervous system
pain amplification; however, the biological pathways linking peripheral physiological
states to central sensitization remain incompletely understood [57]. A growing body of
experimental and clinical work suggests that neuroimmune interactions, particularly
those involving glial modulation, play a critical role in shaping nociceptive processing
and underly fibromyalgia [58].
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4.1. Strengths and Limitations

Our systematic review and meta-analysis possess several strengths, including a thor-
ough evaluation of the cost-effective blood cell-derived inflammatory index, the NLR, in
fibromyalgia patients; an analysis of potential correlations between effect size and prede-
termined study and patient characteristics; and a rigorous assessment of bias risk. This is
the first meta-analysis examining the relationship between the NLR and fibromyalgia, ad-
dressing a significant void in the existing literature. We performed a comprehensive liter-
ature search across several databases—PubMed, Embase, Scopus, and Web of Science—
without limitations on publication date or language, thereby ensuring the extensive cov-
erage of available evidence. We offer a hypothesis-generating framework to inform future
mechanistic studies integrating peripheral immune markers with neurobiological out-
comes.

Our findings did show a heterogeneity of the pooled analysis that was not explained
by our subgroup and meta-regression assessments. Our analysis supported statistically
significant differences in the NLR between people with and without fibromyalgia but
were unable to establish specific clinical implications associated with this effect. Future
studies that are geographically widespread and that integrate peripheral immune mark-
ers such as the NLR with psychological, genetic, epigenetic, and clinical variables are
needed to better understand patient heterogeneity, identify clinically meaningful sub-
groups, and advance personalized treatment strategies in fibromyalgia. Another limita-
tion of our study is that the literature search was conducted through August 2025; there-
fore, studies published thereafter were not included.

4.2. Conclusions

In this systematic review and meta-analysis, we synthesized evidence from 24 obser-
vational studies and demonstrated that the NLR, an index of peripheral immune balance,
is greater in fibromyalgia. However, rather than positioning the NLR as a diagnostic bi-
omarker, we interpret our findings within a neuroimmune conceptual framework that
emphasizes peripheral-central immune-neural interfaces and their potential relevance to
glial priming and central sensitization. We conceptually illustrate how alterations in pe-
ripheral immune balance may interact with central nervous system processes relevant to
pain amplification. This framework is explicitly hypothesis-generating and is intended to
inform future mechanistic studies ultimately integrating peripheral immune markers
with neurobiological, psychological, genetic, and clinical outcomes.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/brainscil6070703/s1, Supplementary Tables S1 and S2 show
completed PRISMA checklists.Table S1: PRISMA_2020_abstract_checklist. Table S2: PRISMA 2020
checklist [41].
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The following abbreviations are used in this manuscript:

NLR Neutrophil-to-lymphocyte ratio

SD Standard deviation

IQR Interquartile range

ACR American College of Rheumatology

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
FIQ Fibromyalgia Impact Questionnaire

FIQR Fibromyalgia Impact Questionnaire-Revised
NOS: Newcastle-Ottawa Scale

MeSH Medical Subject Headings

VAS Visual analogue scale

HAM-D Hamilton Depression

BMI Body mass index

5-HTTLPR Serotonin transporter-linked promoter region
COMT Catechol-O-methyltransferase

AAPT ACTTION-APS Pain Taxonomy

CRP C-reactive protein

ESR Erythrocyte sedimentation rate

DOR Diagnostic odds ratio
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