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Predictive role of neutrophil-to-lymphocyte
ratio in metabolic syndrome: Meta-analysis
of 70,937 individuals

Zhigiang Qiu', Chahua Huang? Congcong Xu? and Yan Xu?"

Abstract

Objective Neutrophil-to-lymphocyte ratio (NLR) has been shown to be an independent predictor for cardiovascular
diseases and metabolic diseases. The role of NLR in metabolic syndrome (MS) has also been explored albeit with
conflicting results. The objective of this study was to assess the predictive role of NLR in MS.

Methods We conducted a meta-analysis of observational studies to evaluate the predictive role of NLR in MS.
Cochrane library, PubMed, Medline, Embase, and Scopus were systematically searched from their inception to
December 2023. The Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) guidelines was
followed. The statistical analysis was performed using RevMan 5.3 software. A randomeffect model was used.

Results Twenty six studies enrolling 70,937 individuals were included in this meta-analysis. Compared with the
individuals without MS, NLR value was significantly higher in the patients of MS (mean difference (MD) 0.40, 95%
confidence intervals (Cl): 0.27-0.52, P< 0.00001, I?’=97%). The derived NLR value also was significantly higher in
participants with MS than those without MS (MD 0.48, 95%Cl: 0.13-0.84, P=0.007, I>=96%). There was no statistically
significant association for NLR between the patients with 4 metabolic risk factors (MRF) and those with 3 MRF, or
between patients with 5 MRF and those with 4 MRF (MD 0.16, 95%Cl: -0.02-0.35, P=0.10, > =84%; MD 0.12, 95%Cl:
-0.06-0.29, P=0.20, I>=68%). However, MS patients with 5 MRF had a significantly higher mean NLR value than those
with 3MRF (MD 0.37, 95%Cl: 0.05-0.68, P=0.02, I>=92%). Compared with the individuals with low NLR, incidence of
MS was significantly higher in those with high NLR (OR 2.23, 95%Cl: 1.25-3.98, P=0.006, I*=97%).

Conclusion The findings of our meta-analysis suggested that the value of NLR and derived NLR were higher in

MS patients. MS patients with 5 MRF had a significantly higher mean NLR value. High NLR also demonstrated a
significantly increased the incidence of MS. NLR may be a good predictive biomarker in MS.
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Introduction
Metabolic syndrome (MS) is a cluster of disorders that
together raise the risk of cardiovascular disease, diabetes,
stroke, or all three. The main components of MS are obe-
sity, hypertension, hypertriglyceridemia, low high-den-
sity lipoprotein cholesterol, and impaired fasting glucose
or diabetes. The prevalence of MS ranges from 20 to 45%
of the worldwide population, and the incidence of MS is
expected to increase to approximately 53% by 2035 [1].
The levels of 3 systemic inflammatory markers, high-
sensitivity C-reactive protein, tumor necrosis factor-a,
and interleukin 6, have been found to be high in MS [2].
The causes of MS are complex and not well-understood.
Many studies have shown that MS, like its downstream
sequelae of atherosclerosis, cardiovascular disease, and
diabetes, is an inflammatory disorder [3]. A variety of
inflammatory markers and cell types have emerged as
significant mediators of the development and progression
of the MS [4]. Inflammation also appears to be an effec-
tive predictor of the prognosis of MS and its sequelae [5].
During inflammatory processes, leukocyte param-
eters in the circulation became activated and recruited.
Recently, leukocyte parameters, including neutrophils,
lymphocytes, the neutrophil-to-lymphocyte ratio (NLR),
the platelet-to-lymphocyte ration (PLR), and the derived
NLR, have been found to be closely related to the MS
and cardiovascular diseases [6—9]. Buyukkaya E et al
first reported that NLR could contribute to identifying
the presence and the severity of MS 9. The similar results
were reached in many studies [10-20]. However, Several
studies have shown that there was no significant differ-
ence for the comparison of NLR between the patients
with MS and without MS [21-29]. Dervied NLR defined
as absolute neutrophil count divided by the derived lym-
phocyte count (absolute leukocyte count—neutrophil
count). Tang K et al. [15] found increased NLR, and der-
vied NLR positively correlated with MS comorbidities.
Therefore, in this meta-analysis, we focus on NLR level
and derived NLR level in patients of MS, the NLR level
in varying degrees of severity of MS, and the incidence
of MS in patients with low and high NLR. The current
meta-analysis was performed to clarify the predictive
role of NLR in MS.

Methods

We systematically searched Cochrane library, PubMed,
Medline, Embase, and Scopus databases for relevant lit-
erature from their inception to December 2023. For the
search strategies we used a combination of medical sub-
ject heading descriptors and terms relating to the target
condition of interest (metabolic syndrome, MetS, and
MS) and the index tests (neutrophil-to-lymphocyte ratio,
NLR, leukocyte parameters, lecocyte parameters, and
complete blood parameters).
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Study selection

This meta-analysis is bases on studies from literature
and does not include any studies involving human par-
ticipants performed by the authors. We looked for the
clinical studies that met all of the following criteria: (1)
participants in the studies were diagnosed MS; (2) studies
reported the NLR value by meantstandard error (SD);
(3) groups divided into MS group and control group, or
high NLR group and low NLR group; (4) observational
studies that examined the relationship between MS
and NLR. The excluded criteria were: (1) studies which
required data were not available; (2) letters, reviews,
expert opinion, case reports, editorials or abstract; (3)
non-human or nonclinical research; (4) duplicate publi-
cations; (5) non-English publications.

Data extraction, quality assessment and publication bias
The relevant data were gathered independently by two
investigators. Any disagreements in data extraction or
quality assessment were resolved through discussion.
The following information was extracted from included
study: (1) publication details (first author name, publica-
tion year, country of study, and study design); (2) indi-
vidual details (sample size, age, gender, and severity of
MS); (3) diagnostic criteria of MS in included study; (4)
NLR data (meanzSD) or numbers of MS patients were
compared between in the high NLR group and in the low
NLR group.

The quality of case-control study and retrospective
cohort study were evaluated by the Newcastle-Ottawa
Quality Assessment Scale (NOS) [30]. The quality of
cross-sectional study was evaluated by the Agency for
Healthcare Research and Quality (AHRQ) [31]. The score
of NOS>6 and the stars of AHRQ>8 were defined as
high-quality studies.

Egger test and Begg test were employed to evaluate the
publication bias. When values of P<0.05, the difference
was considered statistically and there was publication
bias. Leave-one-out sensitivity analysis was conducted to
determine the relationship between NLR and MS.

Statistical analysis

The statistical meta-analysis was performed by Review
Manager software, version 5.3 (The Nordic Cochrane
Centre, Rigshospitalet, Copenhagen, Denmark). The
heterogeneity of the included studies was tested by
Cochran’s Q statistic and I? test. Higher I> was indicative
of high heterogeneity, and then a random effects model
was estimated the results (P<0.1 and I? test value >50%).
Weighted mean differences (MD), 95% confidence inter-
vals (CI), and odds ratio (OR) were used to investigate
the relationship between NLR and MS. Leave-one-out
sensitivity analysis was performed after each exclusion to
assess the stability of the overall outcome. All statistical
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tests were two-tailed and P<0.05 was considered statisti-
cally significant.

Data synthesis and reporting

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were used to
estimate the relationship between NLR and MS [32], and
PRISMA checklist has been used. The weighted preva-
lence of NLR in patients with MS was presented using a
forest plot.

Results

Characteristic of the studies

Figure 1 presents a flow chart showing our meta-analysis
of individual articles. A total of 367 articles were identi-
fied, of which 45 adhered to the general inclusion crite-
ria and were subjected to further screening. Out of these,
19 articles were excluded: 1 article was letter, 2 were
abstract, 2 were review, 8 did not have SD, 6 data repeat
or incomplete. The left 26 eligible observational studies,
which were included in the final meta-analysis [9-29,
33-37].
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These 26 studies covered a total of 70,937 individu-
als. The basic characteristics of the included studies are
shown in Table 1. Overall, 21 studies evaluated the NLR
value in patients with and without MS (#=59,273). Two
studies investigated the derived NLR value in patients
with and without MS (#=763). Four studies investi-
gated the NLR value with respect to the severity of MS
(n=11,487). Five studies estimated the relationship
between high and low NLR and MS (n=12,277). The
diagnostic criteria of MS in 14 studies were identified
according to National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATP III), the criteria
of 7 were identified according to International Diabetes
Federation (IDF), the criteria of 2 was identified accord-
ing to the guidelines for Type 2 Diabetes in China by Dia-
betes Branch of the Chinese Medical Association, and
the criteria of 3 was according to the guidelines issued by
the American Heart Association/National Heart, Lung,
and Blood Institute (AHA/NHLBI).

screened for retrieval

A total of 367 potentially relevant articles identified and

\ 4

322 studies excluded (duplicate or not
relevant to this analysis)

\ 4

included in meta-analysis

A total of 45 potentially appropriate studies to be

v

19 studies excluded

Abstract (n=2)

Letter or review (n=3)

Did not have SD (n=8)

Data repeat or incomplete (n=6)

\ 4

26 observational studies entered into the meta-analysis(n=70,937)

Fig. 1 Flow diagram of study identification and selection
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Table 1 General characteristics of studies included in meta-analysis
References Time Study design Country Sam- Meanage Gender, M/F Diagnostic Exper- Control AHQR/
ple (year) criteria iment group NOS
size group (stars/
scores)
Buyukkaya E[9] 2014 Case-control Turkey 141 475117 76/65 NCEP-ATP3 MS Non-MS 8/9
Surendar J [10] 2016  Cross-sectional India 754 4824122 420/334 NCEP-ATP3 MS Non-MS 10/11
Battaglia S [11] 2020 Cross-sectional [taly 771 56.34+13.63 391/380 IDF MS Non-MS 11/11
Kaya T [12] 2017  Cross-sectional Turkey 261 56.7+10.5 113/148 NCEP-ATP3 MS Non-MS 11/1
Kim JH [13] 2017  Cross-sectional Korea 1,007  483+9.7 659/348 NCEP-ATP3 MS Non-MS 10/11
Liu CC[14] 2019 Retrospective Tai Wan 34,013 5046+11.09 23,877/10,136 NCEP-ATP3 MS Non-MS 7/9
cohort
Tang K[15] 2017 Retrospective China 513 5227+1095 294/219 NCEP-ATP3 MS Non-MS 7/9
cohort
Wang PB [16] 2022  Cross-sectional China 7420 5371+868  3,359/4,061 IDF MS Non-MS 10/11
Yasar Z [17] 2015 Case-control Turkey 140 65.16+103  103/37 IDF MS Non-MS 8/9
Zubiaga L [18] 2020 Retrospective Spain 200 4394109 150/50 NCEP-ATP3 MS Non-MS 8/9
cohort
LiNT[19] 2023  Cross-sectional China 7,726 4840+10.73 4,397/3,329 Chinese Diabetes MS Non-MS 10/11
Society criteria
Mohan M [20] 2021  Cross-sectional India 210 57+9.545 108/102 NCEP-ATP3 MS Non-MS 10/11
Bahadir A [21] 2015  Cross-sectional Turkey 1,267 37.7+£108 109/1,068 NCEP-ATP3 MS Non-MS 11/11
Najafzadeh MJ 2023  Cross-sectional Iran 1,033 45.16+13.88 373/660 NCEP-ATP3 MS Non-MS 10/11
[22]
Omrani-Nava 2023 Retrospective Iran 1,930 35-70 842/1,088 NCEP-ATP3 MS Non-MS 8/9
V[23] cohort
Ustuntas G[24] 2021 Case-control Turkey 219 705+54 155/64 NCEP-ATP3 MS Non-MS 8/9
Al-Sarraf IAK [25] 2018  cross-sectional Jordan 87 42.7+19 41/46 IDF MS Non-MS 10/11
AbuZayed R[26] 2019 Cross-sectional Jordan 88 49.86 + 24/64 IDF MS Non-MS 10/11
11.34
Horan AA [27] 2019  Cross-sectional Jordan 88 49.78+10.22 24/64 IDF MS Non-MS 10/11
Mauss D [28] 2021 Retrospective Germany 689 455+98 620/69 AHA/NHLBI 2009  MS Non-MS 7/9
cohort
Song PY [29] 2022 Cross-sectional China 860 6145+125 524/336 IDF MS Non-MS 10/11
Abdel-Moneim 2019  Case-control Egypt 250 44.08+£841 125/125 NCEP-ATP3 MS Non-MS 8/9
A[33]
Lin HY [34] 2021  Retrospective China 1,542 448+£126 1,056/486 Chinese Diabetes High  LowNLR  9/9
cohort Society criteria NLR
Fang Q [35] 2018 Case-control China 3,080 50.75+10.36 0/3,080 AHA/NHLBI 2005 High  LowNLR  8/9
NLR
ConteducaV [36] 2018 Retrospective [taly 336 75 336/0 NCEP-ATP3 High Low NLR 9/9
cohort NLR
Meng G [37] 2017  Cross-sectional China 6,312  60.28 3,821/2,491 AHA/NHLBI 2009  High Low NLR 10/11
NLR

M male, F female, NOS Newcastle-Ottawa Scale, NLR neutrophil-to-lymphocyte ratio, MS metabolic syndrome, NCEP ATP Ill National Cholesterol Education Program
Adult Treatment Panel Ill, AHRQ Agency for Healthcare Research and Quality, AHA/NHLBI American Heart Association/National Heart, Lung, and Blood Institute, IDF

International Diabetes Federation

Quality assessment

Among these 26 studies, 7 were retrospective cohort
studies, 14 were cross-sectional studies, and 5 were case-
control studies. The mean NOS score of studies in the
meta-analysis was 7.9 score, and the mean AHQR star
of studies in the meta-analysis was 10.2 stars. All of the
included studies had high-quality.

Level of NLR in MS

The relationship between the NLR value and MS was
reported in 21 studies that covered a total of 19,084
MS patients and 40,189 controls [9-29]. Analysis of the
overall effect of NLR revealed a significant difference in
NLR between individuals in MS and control groups, with
evidence of inter-study heterogeneity (MD 0.40, 95%Cl:
0.27-0.52, P<0.00001, I*=97%)(Fig. 2). Overall, the NLR
value in the patients with MS was higher than those with-
out MS.
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Ms Non-MS Mean Difference Mean Difference
Studyor Subgroup _Mean  SD _ Total Mean  SD  Total Weight IV, Random,95% Cl IV, Random, 95% Cl
AbuZayed R 2019 225 201 59 1.8 054 29 27%  0.45[0.10,1.00] .
Al-Sarraf 14K 2018 213 167 59 147 07 28 3.0% 016 [-0.34, 0.66] B Ea—
Bahadir A 2015 2 1.8 487 19 14 780 A5.2%  0.10[0.08 0.28] T
Battaglia S 2020 206 087 377 1.88 076 394  56% 018 [0.06, 0.30] —
Buyukkaya E 2014 282 083 70 189 072 71 47%  1.03[0.77,1.29] e
Horan A4 2019 221 1.94 59 181 053 29 28%  0.40[0.13, 093] -
Kaya T 2017 21 07 224 17 06 37 50%  0.40[0.19, 0.61] —
Kirm JH 2017 2 08 262 1.7 07 745  56%  0.30[0.18 047 -
Li N 2023 189 0.84 2007 1.85 081 5718 68%  0.04 [0.00,0.08] -
Liu CC 2018 186 077 10475 1.84 069 23538  59%  0.12[0.10,0.14] -
Mauss D 2021 17 062 137 168 071 552  5.6%  0.02[F010,0.14] -
Mohan M 2021 366 1.769 103 1.57 0728 107  3.9%  2.09[1.72 2.46] ’
Najatzadeh MJ 2023 16 07 279 154 064 754  57%  0.06[0.03, 015 I
Omrani-Mavay 2023 166 071 865 169 072 965 58% -0.03[0.09,003 -1
Song PY 2022 418 234 474 401 213 386 44% 047 [0.13,0.47] -
SurendarJ 2016 209 071 422 168 064 332 67%  0.41[0.31,0.51] -
Tang K 2017 3.03 ] 83 217 161 430 3.3%  0.86([0.40,1.37
Ustuntas G 2021 2138 0.9 500 207 25 38% 014 [0.23,0.51]  —
Wang PB 2022 182 107 237 1.27 0.8 5103 58%  0.65[0.60,0.70] -
YasarZ 2015 34 093 63 207 D043 77 48%  1.33[1.08,1.58] E—
Zubiaga L 2020 219 08 112 202 0.8 8% 4.9% 017 [0.05 0.39] —
Total (95% CI) 19084 40189 100.0%  0.40[0.27,0.52] &>
Heterogeneity: Tau®= 0.07; Chi*= 764.03, df = 20 (P < 0.000013; F= 87% i

Test for overall effect 2= 6.26 (P < 0.00001)

Fig. 2 The level of NLR in metabolic syndrome

1 05 0 05 1
Favours MS Favours non-MS

MS Non-MS Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdel-MoneimA2019  1.36 031 150 1.05 015 100 51.4% 0.21 [0.25, 0.37] .
Tang K 2017 216 05 83 148 0.8 430 486% 0.67 [0.54, 0.80] —i—
Total (95% CI) 233 530 100.0%  0.48[0.13,0.84] ——eali——

Heterogeneity: Tau®= 0.06; Chi*=24.15, df=1 (P = 0.00001); F= 96%
Testfar overall effect Z= 270 (P =0.007)

Fig. 3 The level of derived NLR in metabolic syndrome

Level of derived NLR in MS

Derived NLR has recently been reported to be a novel
potential biomarker associated with MS [15, 33]. Two
studies investigated the derived NLR level in patients
with and without MS. The meta-analysis covered 233 MS
patients and 530 controls. Significant heterogeneity was
observed between these 2 groups (I?=96%). Analysis of
the overall effect showed the derived NLR value to be
significantly higher in MS patients than in controls (MD
0.48, 95%CI: 0.13-0.84, P=0.007)(Fig. 3).

Level of NLR in the severity of MS

Four studies also investigated the association of NLR with
the severity of MS [10, 14, 19, 20]. MS patients were clas-
sified into 3 groups based on the number of metabolic
risk factors (MRF): group 1 (6,884 patients with 3 MRF),
group 2 (3,520 patients with 4 MRF), and group 3 (1,083
patients with 5 MRF). There was no significant difference
in the overall NLR value between the MS patients with 4
MREF and those with 3 MRF with highly heterogeneous
results (MD 0.16, 95%CI: -0.02-0.35, P=0.10, 1>=84%)
(Fig. 4a). Analysis of the overall NLR value between the

05 -025 0 025 05
Favours MS Favours non-MS

5 MRF patients and 4 MRF patients also got the nega-
tive result (MD 0.12, 95%CI: -0.06-0.29, P=0.20, I*=68%)
(Fig. 4c). However, MS patients with 5 MRF had a sig-
nificantly higher mean NLR value than those with 3MRF
(MD 0.37, 95%CI: 0.05-0.68, P=0.02, *=92%)(Fig. 4b).

Incidence of MS in high and low NLR

Five studies also investigated the incidence of MS in
high and low NLR [13, 34-37]. In the meta-analysis,
there were 5,242 patients in high NLR group, and 7,035
patients in the low NLR group. The incidence of MS in
the high NLR group was 31.21% (n=1,636/5,242). In the
low NLR group, it was 28.82%(n=2,028/7,035). Analy-
sis of the overall effect showed the incidence of MS in
the high NLR group to be 2.23 times higher than in the
low NLR group (OR 2.23, 95%CI: 1.25-3.98, P=0.006,
12=97%)(Fig. 5). Overall, the incidence of MS was sig-
nificantly higher in the high NLR group than those in the
low NLR group.
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a 4 MRF 3 MRF Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

BahadirA 2015 218 069 158 195 074 204 29.0% 0.23[0.08,0.39] I E—
LiuCC 2019 1.97 077 3192 195 077 6363 349% 0.02 [-0.01, 0.05]

Mohan M 2021 3.59 1.258 34 265 1.003 35 89.2% 0.94 [0.40,1.48] —
SurendarJ 2016 1.8 09 136 1.8 0.8 282 269% 0.00[-0.18,0.18) .
Total (95% Cl) 3520 6884 100.0% 0.16 [-0.03, 0.35] e
Heterogeneity: Tau*= 0.03; Chi*=18.47, df=3 (P = 0.0004); F= 84% f f
Test for overall effect: Z=1.66 (P=0.10) - 'D 2 D 15_ U- 0.1 0;2..“_

5 MRF 3 MRF Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95 % CI
BahadirA 2015 231 068 62 1895 074 204 284% 0.36 [0.16, 0.56]
LiuCC 2019 1.98 073 920 195 077 6363 31.8% 0.03 [-0.02, 0.08)
Mohan M 2021 479 2143 34 265 1.003 35 10.5% 2.14[1.35,2.93]
SurendarJ 2016 19 0.6 67 1.8 0.8 282 29.3% 0.10 [-0.07,0.27)
Total (95% CI) 1083 6884 100.0% 0.37 [0.05, 0.68] "."

Heterogeneity: Tau®= 0.08; Chi*= 36.83, df= 3 (P < 0.00001); F=92%
Test for overall effect: Z=2.29 (P =0.02)
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C
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BahadirA 2015 231 068 62 218 069 158 27.7% 0.13[-0.07,0.33]
LiuCC 2019 1.98 073 920 197 077 3192 41.4% 0.01 [-0.04, 0.06]
Mohan M 2021 479 2143 34 359 1.258 34 4.0% 1.20[0.36, 2.04]
SurendarJ 2016 19 0.6 67 1.8 09 136 269% 0.10[0.11,0.31)
Total (95% CI) 1083 3520 100.0% 0.12[-0.06, 0.29] #’
Heterogeneity: Tau®*=0.02; Chi*=9.44, df=3 (P=0.02); F=68% _052 _01 '
Test for overall effect: Z=1.28 (P =0.20) Fav.ours 5 MRF Favour54 MRF
Fig. 4 The level of NLR in the severity of metabolic syndrome
High NLR Low NLR 0dds Ratio Odds Ratio

Events Total Events Total Weight M-H, Random. 95% CI

M-H. Random, 95% CI

Conteduca ¥ 2018 106 139 14 187 167%
Fang @ 2018 449 1538 363 1542 21.2%
KimJH 2017 93 282 168 745 203%
Lin HY 2021 a0 778 89 764 203%
Meng Ge 2017 898 2525 1394 3787 21.4%
Total (95% CI) 5242 7035 100.0%

Total events 1636 2028

Heterogeneity: Tau®= 0.40; Chi*= 13917, df= 4 (P < 0.00001); F=97%

Testfor overall effect: Z=2.73 (P = 0.006)
Fig.5 Incidence of metabolic syndrome in high and low NLR

Sensitivity analysis and publication bias
We performed leave-one-out sensitivity analysis to deter-
mine the overall effect of NLR level in MS. Leave-one-out
results indicated whether an association was or was not
disproportionately affected by a specific instrumental
variable. The sensitivity analysis confirmed the prognos-
tic role of NLR in MS (Table 2).

No significant publication bias was revealed in our
meta-analysis (Begg’s test: z=1.60, P=0.1095 (Figure S1a)
and Egger’s test: t=1.77, P=0.0935 (Figure S1b)).

Discussion

The present meta-analysis summarize the current litera-
ture on NLR role in MS. It was based on a large num-
ber of studies with a total sample of 70,937 patients.
Our findings suggested that both NLR and derived NLR
are higher in MS patients. MS patients with 5 MRF

41.99[21.50, 82.00]

1.34(1.14,1.57] -
1.89(1.39, 2.57] —-—
0.99(0.73,1.25]

0.95 [0.85,1.06]

2.23[1.25, 3.98] i

0.05 0.2 1 5 20
Favours High NLR Favours Low NLR

had a significantly higher mean NLR value than those
with 3MRFE. However, when comparing the NLR value
between patients with 4 MRF and those with 3 MREF, or
between patients with 5 MRF and those with 4 MRE, the
results were negative. Higher NLR was associated with an
increased risk of MS.

MS is a chronic non-infective disease clinically char-
acterized by a set of vascular risk factors that include
arterial hypertension, abdominal obesity, impaired glu-
cose metabolism, and dyslipidemia. Chronic low-grade
inflammation was here considered a molecular basis of
MS. The evaluated inflammatory markers were found
to be related to the different stages of MS. Recently, the
ratio of absolute neutrophil count to absolute lymphocyte
count was found to have a role as a novel inflammatory
biomarker that can dispose individuals to MS, coronary
artery disease, diabetes [38]. Studies have indicated that
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Table 2 Sensitivity analysis for the level of NLR in MS

Omitting study MD  95%Cl Pvalue Tau2 12

/ 040 027-052 <0.00001  0.07 97%
Buyukkaya E [9] 036  024-049 <0.00001 0.06 97%
Surendar J [10] 040  027-052 <0.00001 0.07 97%
Battaglia S [11] 041  028-054 <0.00001 007 98%
KayaT[12] 040  027-052 <0.00001 0.07 97%
Kim JH [13] 040  027-053  <0.00001 0.07 97%
Liu CC[14] 043  026-059 <0.00001  0.12 97%
Tang K[15] 038  025-051 <0.00001 0.07 97%
Wang PB [16] 036  026-046 <0.00001  0.04 95%
Yasar Z [17] 0.35 0.22-047  <0.00001 0.06 97%
Zubiaga L [18] 0.41 0.28-0.54  <0.00001 0.07 98%
LiNT[19] 042  028-057 <0.00001  0.09 97%
Mohan M [20] 032 021-044 <0.00001 0.06 97%
Bahadir A [21] 041 0.28-0.54  <0.00001 0.07 98%
Najafzadeh MJ[22] 042  0.29-055 <0.00001  0.07 97%
Omrani-Nava V [23] 042  029-056 <0.00001 0.07 97%
Ustuntas G [24] 041  028-053 <0.00001 007 98%
Al-Sarraf IAK [25] 040  0.28-053 <0.00001 0.07 98%
AbuZayed R [25] 039 027-052 <0.00001 0.07 98%
Horan AA [27] 040 027-052 <0.00001  0.07 98%
Mauss D [28] 042  029-055 <0.00001 0.07 97%
Song PY [29] 041 028-053 <000001 007 98%

MD mean difference, Cl confidence intervals;

obesity, hypertension, dyslipidemia, and the incidence of
type 2 diabetes, diabetes severity are related to the NLR.
In our meta-analysis, we also found the value of NLR to
be higher in MS patients, and high NLR could produce
an increased risk of MS. Mahmood A et al. [39] con-
ducted a meta-analysis about the association of white
blood cell parameters with MS, they also found NLR was
higher in MS patients. However, the subjects and stud-
ies were much more in our meta-analysis, and we also
concerned derived NLR, the severity of MS, and the inci-
dence of MS in high NLR group and in low NLR group in
our meta-analysis.

Derived NLR was also used as an inflammatory marker
in cardiovascular disease, metabolic syndrome, and can-
cer [8, 40, 41]. Derived NLR was found to be a suitable
laboratory marker capable of predicting major adverse
cardiovascular events in coronary heart disease after
percutaneous intervention, and its value was higher in
MS, prediabetes, and type 2 diabetes mellitus than in
healthy controls. We collected the similar results show-
ing derived NLR level to be higher in MS patients.

Surendar J et al. [10] and Liu CC et al. [14] showed
subjects with 5 MRF to have the highest NLR. They also
showed that, with a decreasing number of MRF, the NLR
decreasedin a linear fashion. They found NLR value to
be associated with MS severity. However, in Bahadir A’s
study [20], NLR value in MS subjects with MRF of 3-5
increased gradually, and these increases were not signif-
icant. In our meta-analysis, we found MS patients with
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5 MRF had a significantly higher mean NLR value than
those with 3MRF. The relationship between NLR and the
severity of MS warrants further investigation.

NLR is an inflammatory marker affected by lifestyle and
health status [42]. It is not clear whether lifestyle inter-
ventions meant to lower NLR have any ability to reduce
anti-systemic inflammation. Tani S et al. [43] found that
NLR value decreased significantly as the weekly fre-
quency of fish intake increased, and the presence of MS
was a significant positive determinant of NLR. Shari-
fan P et al. [44] found vitamin D3 in the form of nano-
encapsulated in low-fat dairy products could signifcantly
decrease NLR and could also decrease infammation in
individuals with abdominal obesity. Future studies should
try to identify the effect of lower NLR in MS and cardio-
vascular diseases.

The limitations of the current meta-analysis were as
follows: (1) only studies published in Englishlanguage
publications were included; (2) all included studies
were observational studies, and high heterogeneity was
observed among them; (3) the diagnostic criteria of MS
in the included studies were non-uniform. This meta-
analysis also had some strengths: (1) all included studies
were of high-quality; (2) the number of included studies
was large, and it covered diverse baseline population with
different ethnicities were included in our meta-analysis.

Conclusion

NLR and derived NLR have been shown to be higher
in MS patients. There was no significant association
between NLR and the severity of MS. High NLR was also
found to significantly increase the incidence of MS. NLR
may be a good predictive biomarker of MS. However,
large-scale randomized controlled trials are needed to
establish causality.
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