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Abstract
Background and Objectives
Multiple sclerosis (MS) is an autoimmune disease conﬁned in the CNS, and its course is
frequently subtle and variable. Therefore, predictive biomarkers are needed. In this scenario, we
conducted a systematic review and meta-analysis to evaluate the reliability of chitinase 3–like 1
as a biomarker of MS.
Methods
Research through the main scientiﬁc databases (PubMed, Scopus, Web of Science, and
Cochrane Library) published from January 2010 to December 2020 was performed using the
following keywords: “chitinase 3-like 1 and multiple sclerosis” and “YKL40 and multiple
sclerosis.” Articles were selected according to the 2020 updated Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines by 2 authors independently, and
data were extracted; 20 of the 90 studies screened were included in the meta-analysis. The main
eﬃcacy measure was represented by the standardized mean diﬀerence of CSF and blood
CHI3L1 levels; Review Manager version 5.4 and R software applications were used for analysis.
Results
Higher levels of CHI3L1 were found in CSF of 673 patients with MS compared with 336 healthy
controls (size-weighted mean diﬀerence [SMD] 50.88; 95% CI = 44.98–56.79; p < 0.00001)
and in 461 patients with MS than 283 patients with clinically isolated syndrome (CIS)
(SMD 28.18; 95% CI = 23.59–32.76; p < 0.00001). Mean CSF CHI3L1 levels were significantly higher in 561 converting than 445 nonconverting CIS (SMD 30.6; 95% CI =
28.31–32.93; p < 0.00001). CSF CHI3L1 levels were signiﬁcantly higher in patients with
primary progressive MS (PPMS) than in patients with relapsing-remitting MS (RRMS)
(SMD 43.15; 95% CI = 24.41–61.90; p < 0.00001) and in patients with secondary progressive MS (SMD 41.86 with 95% CI = 32.39–51.33; p < 0.00001). CSF CHI3L1 levels in
407 patients with MS during remission phase of disease were signiﬁcantly higher than
those in 395 patients with MS with acute relapse (SMD 10.48; 95% CI = 08.51–12.44; p <
0.00001). The performances of CHI3L1 in blood for diﬀerentiating patients with MS from
healthy controls were not signiﬁcant (SMD 0.48; 95% CI = −1.18 to 2.14; p: 0.57).
Discussion
CSF levels of CHI3L1 have a strong correlation with the MS pathologic course, in particular
with the mechanism of progression of the disease; it helps to distinguish the PPMS from the
RRMS. The potential role of CHI3L1 in serum needs to be further studied in the future.
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Glossary
BBB = blood-brain barrier; CDMS = clinically deﬁnite MS; CHI3L1 = chitinase 3–like 1; CIS = clinically isolated syndrome;
EDSS = Expanded Disability Status Scale; ELISA = enzyme like immunosorbent assay; HC = healthy control; IQR =
interquartile range; MS = multiple sclerosis; NfL = neuroﬁlament light chain; NOS = Newcastle-Ottawa Scale; PPMS = primary
progressive MS; RRMS = relapsing-remitting MS; SMD = size-weighted mean diﬀerence; SPMS = secondary progressive MS.

MRI is the reference standard to diagnose and monitor inﬂammatory activity over time in patients with multiple sclerosis (MS). However, imaging data are diﬃcult to standardize
and are retrospective. Therefore, both in clinical trials and
clinical practice, there is an urgent need to ﬁnd less costly and
easier-to-perform biomarkers, which can be suitable for longitudinal monitoring of the disease.1

with enzyme like immunosorbent assay (ELISA) (2) MS diagnosis made according to the 201014 and the revised 2017
diagnostic criteria15; and (3) data of CHI3L1 concentration
reported as either mean and SD or median and interquartile
range (IQR). No restrictions on duration of the disease,
pathologic history, or treatment were adopted, and no language limit was applied.

Among several CSF/serum biomarkers of tissue damage,2-4
chitinase 3–like 1 (CHI3L1) has been recently proposed as
having a potential role in MS. Also known as YKL-40, it
belongs to the chitin glycoside hydrolase 18 family, a large
group of protein, some of which without enzymatic activity,5
produced by several cell types, mainly macrophages and
astrocytes.6-9 Its elevated levels have already been demonstrated in some inﬂammatory conditions such as rheumatoid
arthritis10 and system lupus erythematosus.11 Within the
CNS, CHI3L1 is linked to neuroinﬂammatory processes and
reactive gliosis; however, its mechanism of action remains
poorly understood, and its role in MS pathogenic mechanisms
has not been fully elucidated yet. Herein, we conducted a
systematic review of the literature and a quantitative metaanalysis aimed at evaluating the diagnostic performance of
CHI3L1 levels in CSF and blood in MS and its subtypes and
establishing its utility to deﬁne the stage of the disease activity
and its response to treatment.

The following exclusion criteria were formulated: (1) case
reports, reviews, and studies with fewer than 2 patients included; (2) published abstracts only; (3) animal or in vitro
studies; (4) no clear control groups; and (5) pediatric MS.

Methods
Search Strategy
A systematic review and meta-analysis was performed
according to the new 2020 update of the PRISMA Statement12 and Cochrane Handbook.13 We searched on PubMed,
Scopus, Web of Science, and Cochrane Library databases the
following terms: “chitinase 3-like 1 and multiple sclerosis” and
“YKL40 and multiple sclerosis.” The search was restricted to
articles published after 2010 and last updated on December
31, 2020. To complete the research of all the studies potentially relevant to the analysis, review articles and all the reference lists of the already included publications were also
used.
Selection Criteria
We included all original studies that compared CSF and/or
serum levels of CHI3L1 between patients with MS and a
group of healthy controls (HCs) and among the several MS
subtypes. Studies were included if they fulﬁlled the following
criteria: (1) quantiﬁcation of CSF and serum CHI3L1 levels
2

Data Extraction
Two authors (S.F. and T.C.) extracted and double checked
the following data independently: (1) article information
(title of the study, year of publication, and ﬁrst author); (2)
main demographic and clinical data (number of samples,
age, sex, disease duration, and disability assessed with the
mean Expanded Disability Status Scale [EDSS] score); and
(3) quantitative levels of biomarker in CSF and serum
(expressed as mean/median with SD/IQR). Corresponding
authors of the studies were contacted if the data requested
were not given in the manuscript. In case of disagreement, a
consensus was reached after discussion between the 2
authors.
Quality Assessment
The Newcastle-Ottawa Scale (NOS)16 was used to assess the
quality of the studies included in the analysis. Each study
receives from 0 to 9 stars, according to the requirements of
sample selection, comparability of cases and controls, and
assessment of outcome. For comparability of cases and controls, the matching of the main demographic features (e.g., age
and sex) was considered. Disagreements were discussed until
the achievement of consensus.
Statistical Analysis
Review Manager (RevMan software version 5.4.1) was used
to perform the meta-analysis and forest plots of those studies
that fulﬁlled the criteria reported above. As several of them
reported valuable data of diﬀerent study comparators, they
were used in multiple analyses. The mean, SD, and 95% CIs
were calculated for each group in every study. Levels of
CHI3L1 in CSF/serum were quantiﬁed in ng/mL. Median
and IQR were converted as mean and SD according to Hozo
et al.17 statistical methods. For continuous data, the sample
size-weighted mean diﬀerence (SMD) was calculated using a
weighted ﬁxed or random-eﬀect model, according to,
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Figure 1 Selection of the Studies Included in the Analysis

Study selection process according to the new 2020
update of the Preferred Reporting Items for
Systematic Reviews and Meta- Analyses (PRISMA)
statements.

respectively, the low or the high heterogeneity among the
studies (with 95% CI and corresponding p value). For proportions, the OR was calculated using the Mantel-Haenszel
test. The I squared (I2) test was used to estimate the heterogeneity across studies, I2 >50% indicating substantial
heterogeneity.18,19 In cases where I2 exceeded 50%, subgroup
analyses were performed based on the type of control groups
in diﬀerent studies. To further assess the causes of
heterogeneity—when present—we conducted inﬂuential
analysis and Baujat statistical methods20 to identify inﬂuential
cases. Several parameters for each study were extracted (externally standardized residuals [rstudent], DFFITS values,
Cook distances [cook.d], covariance ratios [cov.r], leave-oneout estimates of the amount of heterogeneity [tau2.del],
leave-one-out values of the test statistics for heterogeneity
[QE.del], hat values, and weight) to identify the outliers; the
Baujat plot showed the contribution of each study to the
overall Q-test statistic for heterogeneity (deﬁned as Squared
Pearson Residual) related to its inﬂuence. Then, we recalculated the eﬀect size using sensitivity analysis. In the sensitivity
analysis, weight percentage of the studies excluded was not
reported by RevMan software, and mean diﬀerence was
reported as not applicable. We also conducted metaregressions to estimate the eﬀect of the main demographic
and clinical data on overall eﬀect size and heterogeneity. Inﬂuence plots, Baujat plots, and meta-regressions were performed using Meta and Metafor packages on R software.
Neurology.org/NN

Results
Study Characteristics
Of the 326 records initially identiﬁed, 236 were removed because of being duplicated. Forty-seven of 90 studies screened
were then removed after their titles, abstracts, or keywords were
read. Forty-three records were assessed for eligibility, from
which 23 were removed because of the following reasons:
(1) incomplete data; (2) no deﬁnite control group; (3) not
meeting the inclusion criteria; and (4) improper detection
method. Finally, 20 studies were included in this systematic
review. The ﬂow diagram used for the search strategy is shown in
Figure 1. Table shows the main features of the included studies.
Difference of CSF Levels of CHI3L1 in Patients
With MS vs Healthy Controls
Diﬀerences in CSF CHI3L1 levels between patients with
MS and HCs were reported by 13 studies, involving 673
patients and 336 controls.5,6,8,21-30 The results of the metaanalysis showed that the mean diﬀerence in CSF CHI3L1
levels between patients with MS and controls was 70.67
(95% CI = 53.35–88.00; p < 0.00001). Because of the high
heterogeneity among the studies, the predictive value of the
diﬀerence of age between MS and HC groups to the eﬀect
size was examined through a meta-regression, which was
not signiﬁcant (p: 0.12). The bubble plot is shown in
eFigure 1, links.lww.com/NXI/A711. A sensitivity analysis
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Table Characteristics of the Studies Included in the Systemic Review and Meta-analysis
Patients
with CIS/
Study design MS (N°)

Healthy
controls
(N°)

Patients
with CIS/
MS (age)

Healthy
controls
(age)

Patients
with CIS/MS
(male sex)

Healthy
controls
(male sex)

Patients with
CIS/MS (EDSS
score)

Patients with
CIS/MS (disease
duration)

Sample
source

Barkay et al. 2010 United
States

Retrospective 10

12

48

40

N(A

N/A

N/A

N/A

CSF

Correale
et al.

2010 Argentina

Retrospective 48

24

37.9

38.4

33

33

4

7

Comabella
et al.

2010 Spain

Prospective

60

0

28

N/A

23

N/A

N/A

Stoop et al.

2013 Germany

Retrospective 13

0

37

N/A

23

N/A

Modvig et al. 2013 Denmark

Prospective

56

27

36

33

23

Cantò et al.

2015 Multicentric
(Europe)

Prospective

813

0

32

32

ManèMartinez
et al.

2015 Spain

Prospective

301

0

34

ManèMartinez
et al.

2016 Spain

Prospective

324

0

Burman
et al.

2016 Sweden

Prospective

62

Hakansson
et al.

2016 Sweden

Novakova
et al.

Neurology.org/NN

Quality
(NOS)

Ref

ELISA Quantikine kit R&D
Systems (Minneapolis,
MN, USA)

4*

6

CSF

ELISA Quantikine kit R&D
Systems (Minneapolis,
MN, USA)

6*

21

5.7

CSF

ELISA METRA, kit (Quidel
Corporation, San Diego,
USA)

7*

33

3.5

8.4

CSF

ELISA Quantikine kit R&D
Systems (Abingdon, UK)

4*

49

22

N/A

N/A

CSF

ELISA Quantikine kit R&D
Systems (Abingdon, UK)

4*

22

27

50

N/A

5.8

CSF

ELISA METRA kit (Quidel
Corporation, San Diego,
USA)

8*

34

N/A

35

N/A

2

3.6

CSF

ELISA Quantikine kit R&D
Systems (Minneapolis,
MN, USA)

7*

35

34

N/A

36

N/A

2

3.8

CSF

ELISA Quantikine kit R&D
Systems (Minneapolis,
MN, USA)

6*

31

30

45

40

37

73

3

12.4

CSF

ELISA Quantikine kit R&D
Systems (Minneapolis,
USA)

6*

8

Retrospective 44

23

30

32

20

22

2

1.1

CSF

ELISA Quantikine kit R&D
Systems (Minneapolis,
USA)

6*

23

2016 Sweden

Retrospective 59

39

37

34

39

64

2.5

N/A

CSF

ELISA Quantikine kit R&D
Systems (Minneapolis,
USA)

6*

24

Novakova
et al.

2017 Sweden

Prospective

43

39

39

33

37

64

2.5

N/A

CSF

ELISA Quantikine kit R&D
Systems (Minneapolis,
MN, USA)

6*

25

Sellebjerg
et al.

2017 Denmark

Prospective

52

24

48

42

44

50

4.5

10

CSF

ELISA Quantikine kit R&D
Systems (Abingdon, UK)

7*

26

Author

Year Country

Methods

Continued
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Table Characteristics of the Studies Included in the Systemic Review and Meta-analysis (continued)
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Patients
with CIS/
Study design MS (N°)

Healthy
controls
(N°)

Patients
with CIS/
MS (age)

Healthy
controls
(age)

Patients
with CIS/MS
(male sex)

Healthy
controls
(male sex)

Patients with
CIS/MS (EDSS
score)

Patients with
CIS/MS (disease
duration)

De Fino et al. 2019 Italy

Prospective

71

11

36

39

70

73

1.5

1.5

CSF/
serum

Gil-Perotin
et al.

2019 Spain

Prospective

157

0

44

N/A

39

N/A

4

3.9

Thouvenot
et al.

2019 France

Retrospective 169

42

37

37.2

25.5

31

N/A

Christensen
et al.

2019 Denmark

Prospective

27

0

48

N/A

44

N/A

Sellebjerg
et al.

2019 Denmark

Prospective

177

0

31

N/A

62

Kusnierovà
et al.

2020 Czech
Republic

Retrospective 56

15

39

41

Huss et al.

2020 Germany

Retrospective 86

20

44

44

Author

Year Country

Sample
source

Quality
(NOS)

Ref

ELISA Quantikine kit R&D
Systems (Minneapolis,
MN, USA)

6*

27

CSF

ELISA Quantikine kit R&D
Systems (Minneapolis,
USA)

6*

28

N/A

CSF

ELISA MicroVue YKL-40 kit 5*
(Quidel Corporation, San
Diego, CA)

29

N/A

5.5

CSF

ELISA Quantikine kit R&D
Systems (Abingdon, UK)

6*

50

N/A

2

1.3

CSF

ELISA MicroVue YKL-40 kit 7*
(Quidel, San Diego, CA)

32

N/A

N/A

N/A

N/A

CSF

ELISA Quantikine kit R&D
Systems (Minneapolis,
MN, USA)

6*

5

58

65

4

N/A

CSF/
serum

ELISA Quantikine kit R&D
Systems (Minneapolis,
MN, USA)

5*

30

Methods

Abbreviations: CIS = clinically isolated syndrome; EDSS = Expanded Disability Status Scale; ELISA = enzyme like immunosorbent assay; MS = multiple sclerosis; NOS = Newcastle-Ottawa Scale.
Age is expressed as mean years; male sex is expressed as percentage (%) of male subjects; disease duration is expressed as mean years.
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Figure 2 Comparison Between Multiple Sclerosis vs Healthy Controls

Forest plot of meta-analysis (with sensitivity analysis) (A) CHI3L1 levels in CSF in patients with MS vs healthy controls (HC); (B) subgroups analysis comparing
CHI3L1 levels in CSF in HC vs relapsing-remitting + progressive forms (RRMS+PMS) and in HC vs RRMS only. Random-effects model was used. Outcomes are
expressed as standardized mean difference (SMD) with 95% CI. Overall effect is expressed with Z score; heterogeneity is expressed with Tau and coefficients.
Subgroup differences are expressed through score. The SMD of the studies excluded from the analysis compared in the forest plot as “not estimable.”
(C) Standardization of absolute value of CSF levels of CHI3L1 with Z-scores extraction.
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Figure 3 Comparison Between Multiple Sclerosis vs Clinically Isolated Syndrome

Forest plot of meta-analysis (with sensitivity analysis) showing: (A) CHI3L1 levels in CSF in patients with clinically definite MS (MS) vs clinically isolated
syndrome (CIS) (B) CHI3L1 levels in CSF in patients with converted vs non-converted CIS. The two meta-analysis were further performed with a subgroup
analysis according to the specific ELISA kit used for the extraction of CSF levels of CHI3L1 ([C] Quantikine kit R&D system vs MicroVue kit in MS vs CIS;
[D] Quantikine kit R&D system vs METRA kit in converting vs non converting CIS). For all the analysis, random-effects model was used. Overall effect is
expressed with Z score; heterogeneity is expressed with Tau and coefficients. Subgroup differences are expressed through score. The SMD of the studies
excluded from the analysis compared in the forest plot as “not estimable”

Neurology.org/NN
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Figure 4 Comparison Between Relapsing-Remitting vs Progressive Multiple Sclerosis

Forest plot of meta-analysis showing CHI3L1 levels in CSF in patients with relapsing remitting MS (RRMS) vs progressive MS (PMS). Random-effects model
was used. Overall effect is expressed with Z score; heterogeneity is expressed with Tau and coefficients. Subgroup differences are expressed through score.
PPMS = primary progressive MS; SPMS = secondary progressive MS.

was performed to eliminate the outliers, showing that the
mean diﬀerence in CSF CHI3L1 levels between patients
with MS and controls remained signiﬁcant (50.88 with
95% CI = 44.98–56.79; p < 0.00001; Figure 2A) with low
heterogeneity (I2 37%). A subgroup analysis was also performed showing persistence of a signiﬁcant eﬀect
size comparing HC vs relapsing-remitting + primary progressive MS forms (RRMS + PPMS) and HC vs RRMS only
(Figure 2B). All data were standardized, and Z-scores were
extracted, which were quite similar among the studies in
both patients with MS and HCs (Figure 2C).
Difference of CSF Levels of CHI3L1 in Patients
With Clinically Definite MS vs CIS
Diﬀerences in CSF CHI3L1 levels between patients with
clinically deﬁnite MS (CDMS) and patients with CIS were
reported by 6 studies, involving 461 CDMS and 283
CIS.5,23,27,29,31,32 The meta-analysis showed higher levels of
CSF CHI3L1 in patients with CDMS than patients with CIS

with SMD of 20.73 (95% CI = 17.79–22.86; p < 0.00001). The
heterogeneity among the studies was high (I2 96%), so an
inﬂuence analysis and a Baujat plot were performed
(eFigure 2A, B, links.lww.com/NXI/A711). After that, sensitivity analysis was conducted without the outlier studies, which
showed persistence of a signiﬁcant eﬀect size (mean diﬀerence
28.18 with 95% CI = 23.59–32.76; p < 0.00001; Figure 3A)
with very low heterogeneity (I2 19%). A subgroup analysis
was also performed; it showed the same signiﬁcant results
independently to the diﬀerent ELISA kit used for the extraction of CSF levels of CHI3L1 (SMD 34.87 with 95% CI
= 29.76–39.99; p < 0.00001 with the MicroVue kit; SMD
15.60 with 95% CI = 12.69–18.52; p < 0.00001 with the
Quantikine kit R&D Systems [Figure 3C]).
Difference of CSF Levels of CHI3L1 in Patients
With Converted vs Nonconverted CIS
CSF CHI3L1 levels between patients with converted and
nonconverted CIS were reported by 4 studies, for a total of

Figure 5 Comparison Between Primary vs Secondary Progressive Multiple Sclerosis

Forest plot of meta-analysis (with sensitivity analysis) showing CHI3L1 levels in CSF in patients with primary progressive MS (PPMS) vs secondary progressive
MS (SPMS). Random-effects model was used. Overall effect is expressed with Z score; heterogeneity is expressed with Tau and coefficients. The SMD of the
studies excluded from the analysis compared in the forest plot as “not estimable.”
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Figure 6 Comparison Between Relapse vs Remission Stage of Disease

Forest plot of meta-analysis showing: (A) CHI3L1 levels in CSF in patients with acute relapse vs remission stage of the disease; (B) proportions of patients with
gadolinium enhancing lesion (GD+) on MRI in those with higher vs lower CHI3L1 levels in CSF. To compare the proportions, the Mantel-Haenszel model was
used. Outcomes are expressed as Odds-Ratio, with 95% CI. Random-effects model was used for all the analysis. Overall effect is expressed with Z score;
heterogeneity is expressed with Tau and coefficients.

561 converted and 445 nonconverted CIS.27,33-35 The metaanalysis showed signiﬁcant higher levels of CSF CHI3L1 in
patients with converted CIS compared with those with nonconverted CIS (SMD 59.13; 95% CI = 28.83–89.42; p:
0.0001). Because of the high heterogeneity among studies, we
performed sensitivity analysis, which showed persistence of a
signiﬁcant eﬀect size (SMD 30.60; 95% CI = 28.31–32.93; p <
0.00001, Figure 3B) with no heterogeneity (I2 0%). A subgroup analysis according to the diﬀerent ELISA kit used for
the extraction of CSF levels of CHI3L1 was performed,
showing that levels of CHI3L1 were signiﬁcantly higher in
converting CIS for those studies that used the Quantikine kit
R&D Systems (SMD 55.00; 95% CI = 47.95–62.04; p <
0.00001, I2 0%) but not for those that used the METRA kit
(SMD 62.36; 95% CI = −0.36 to 125.08; p = 0.05, I2 99%).
Results are shown in Figure 3D.
Difference of CSF Levels of CHI3L1 in Patients
With Relapsing-Remitting MS vs
Progressive MS
To assess whether CSF levels of CHI3L1 were signiﬁcantly
diﬀerent between patients with RRMS and PPMS, we compared data from 628 patients with RRMS and 108 patients with
PPMS by 5 studies.21,23,28,31,35 The results of the meta-analysis
showed no signiﬁcant diﬀerences of mean levels of CSF
CHI3L1 between patients with PPMS and those with RRMS
(SMD 18.82 95% CI = −5.66 to 43.30; p = 0.16). However,
because of the high heterogeneity among studies, a subgroup
analysis was performed to compare each form of progressive
MS (primary and secondary progressive) with RRMS. Of
Neurology.org/NN

interest, the analysis showed signiﬁcantly higher levels of CSF
CHI3L1 in patients with primary progressive MS (PPMS)
(SMD 43.15; 95% CI = 24.41–61.90; p < 0.00001) but not in
patients with secondary progressive MS (SPMS) compared
with patients with RRMS (SMD −6.15; 95% CI = −42.43 to
30.12; p: 0.74; Figure 4). Considering the comparison between patients with PPMS and those with RRMS, metaregression showed a positive correlation between the diﬀerence
of baseline EDSS score and the SMD of the levels of CHI3L1
in CSF (p: 0.000091); this could explain the high heterogeneity among studies (I2 91%). No correlation was found between levels of CHI3L1 in CSF and age (p: 0.614), duration of
disease (p: 0.325), and previous disease-modifying treatment
(p: 0.507) between the 2 subgroups. Bubble plots are shown in
eFigure 3A–D, links.lww.com/NXI/A711.
Difference of CSF Levels of CHI3L1 in Patients
With PPMS vs Those With SPMS
Diﬀerences in CSF CHI3L1 levels between PPMS and
SPMS were reported by 3 studies, involving 66 patients with
PPMS and 67 patients with SPMS.26,28,31 The meta-analysis
showed signiﬁcant higher levels of CSF CHI3L1 in PPMS
than SPMS with SMD of 31.08 (95% CI = 5.05–57.12; p: 0.02).
Because of the high heterogeneity across studies (I2 92%), an
inﬂuence analysis and a Baujat plot were performed
(eFigure 4A, B, links.lww.com/NXI/A711), showing Sellebjerg study as an inﬂectional case. Removing it by sensitivity analysis, a signiﬁcant eﬀect size (SMD 41.86 with 95%
CI = 32.39–51.33; p < 0.00001; Figure 5) persisted with no
heterogeneity (I2 0%). Meta-regression showed that SMD of

Neurology: Neuroimmunology & Neuroinflammation | Volume 9, Number 4 | July 2022
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Figure 7 Comparison Between Serum Levels of CHI3L1 Between Relapsing-Remitting Multiple Sclerosis vs Healthy Controls

Forest plot of meta-analysis showing CHI3L1 levels in serum in patients with relapsing-remitting MS (RRMS) vs healthy controls (HC). Random-effects model
was used for all the analysis. Overall effect is expressed with Z score; heterogeneity is expressed with Tau and coefficients.

CH3L1 negatively correlated with the diﬀerence of age (p:
0.435), disease duration (p: 0.947), EDSS (p: 0.435), and
previous disease-modifying treatment (p: 0.435)
(eFigure 5A–D, links.lww.com/NXI/A711).
Difference of CSF Levels of CHI3L1 in Relapsing
vs Remission MS
To assess whether CSF levels of CHI3L1 were signiﬁcantly
diﬀerent during acute relapsing activity (deﬁned as the presence of at least one clinical relapse and/or new/enlarging
lesion on T2 MRI sequences and/or gadolinium-enhancing
lesion on T1 + gadolinium MRI sequences in the last 2
months before lumbar puncture) and remission stage of the
disease, we compared data from 395 patients with acute relapse and 407 patients with remission phase by 4
studies.23,28,31,35 The results of the meta-analysis showed that
the levels of CSF CHI3L1 were signiﬁcantly higher in patients
during the remission stage of the disease than patients with an
acute relapse (SMD 10.48; 95% CI = 08.51–12.44; p <
0.00001; Figure 6A), with no heterogeneity (I2 0%). Besides,
there were no signiﬁcant diﬀerences in the proportions of
patients with at least one gadolinium-enhancing lesion (Gd+)
on MRI at the time of lumbar puncture by comparing data
from 126 patients with MS with higher levels of CSF CHI3L1
and 205 patients with MS with lower levels of CSF CHI3L1
by 4 studies (OR 1.43; 95% CI = 0.29–6.92; p = 0.66;
Figure 6B).24,27-29
Serum Levels of CHI3L1 in Patients With RRMS
vs Healthy Controls
Serum CHI3L1 levels between patients with RRMS and HCs
were reported by 2 studies, for a total of 93 RRMS and 31
HC.27,30 The meta-analysis showed no signiﬁcant diﬀerence
in levels of serum CHI3L1 in RRMS and HC (SMD 0.48;
95% CI = −1.18 to 2.14; p: 0.57; Figure 7) with no heterogeneity among studies (I2 0%).

Discussion
Our systematic review clariﬁed the potentiality of CHI3L1
marker for the characterization of disease progression in patients with MS36,37 and the relationship between CHI3L1
levels and the diﬀerent subtypes of MS. The meta-analysis
10

showed that CHI3L1 levels in CSF were signiﬁcantly elevated
in patients with MS compared with HCs. Moreover, CHI3L1
levels in CSF were found to be signiﬁcantly associated with
conversion from CIS to MS. This body of evidence supports
the hypothesis that CHI3L1 sustains, in some way, disease
activity in CNS since the earliest phases of the disease, in
accordance with a few studies that demonstrated the expression of CHI3L1 both in macrophages and astrocytes.34,38,39
To complicate this scenario, other studies demonstrated that the
pattern associated with the production of CHI3L1 in vivo diﬀers
from that in vitro. In vivo astrocytes are the main responsible of
the release of CHI3L1, and this process is sustained by macrophages through cytokine crosstalk. In vitro, CHI3L1 seems instead to be produced by macrophages themselves.5 Similar to the
more studied glial ﬁbrillar acidic protein marker,40 CHI3L1
provides evidence of the importance of the role of astrocytes in
the modulation of inﬂammatory activity in the diﬀerent phases of
MS disease.41,42
Of interest, our meta-analysis showed that CHI3L1 CSF
levels were signiﬁcantly higher in patients with PPMS compared with both patients with RRMS and those with SPMS.
This is in contrast with the hypothesis that RRMS/SPMS and
PPMS histopathologic diﬀerences are more quantitative
rather than qualitative.43 Recent evidence suggests that in the
2 subtypes of the disease, diﬀerent inﬂammatory patterns
develop independently.44 The ﬁrst is the transmigration of T
and B lymphocytes from a pathologically permeable bloodbrain barrier (BBB), which predominately aﬀects the white
matter and forms the well-known active demyelinated plaques. The other type of inﬂammatory process does not involve the immune system outside the CNS; without
substantial BBB leakage, brain-derived T cells and B cells
accumulate in the connective tissue, forming a sort of lymph
follicles, which stabilize a subtle chronic immune response
over time.45 Characteristic signs of chronic active disease,
such as subpial demyelinated lesions in the cerebral and cerebellar cortex, slow-evolving lesions in the white matter, and
degeneration of neurons in the normal-appearing white or
gray matter, seem to be mostly associated with this type of
inﬂammatory pattern. The ﬁrst type of histopathologic subset
characterizes the acute and relapsing MS. The second type of
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inﬂammation is already present in early stages of MS and
becomes more evident in the PPMS subtype.44 CHI3L1
seems to be more associated with the second subset, and this
is further supported by existing literature, such as the independent correlation between CSF CHI3L1 levels and the
albumin CSF/serum ratio, which is a well-noticed index of
blood-CSF barrier dysfunction46; moreover, other studies
demonstrated the relevant diﬀerence observed in CHI3L1
levels between CSF and serum samples.33 Together, the
ﬁndings strongly suggest a primarily local CNS origin of CSF
CHI3L1 levels.
The results of our analysis show higher levels of CHI3L1 in
the remission stage of the disease rather than during the
relapse activity. Moreover, considering imaging biomarkers,
the proportion of patients with gadolinium + lesions on MRI
was found to be not signiﬁcantly diﬀerent between those
with higher and lower levels of CHI3L1 in CSF. This observation supports the hypothesis that the role of the protein
in the inﬂammatory environment could be not only limited
to the acute phase of the disease, but chronic over time. It has
previously been demonstrated that CHI3L1 can interfere
with the development of axonal processes in the hippocampus by blocking blood ﬁbroblast growth factor signaling.
Thus, it is reasonable to hypothesize that CHI3L1 protein
can, in some way, inﬂuence the molecular pattern associated
with synaptic plasticity and neuronal regeneration.47 Our
study demonstrated also a strongly signiﬁcant correlation
between higher levels of CSF CHI3L1 and the EDSS score,
especially in patients with PPMS vs RRMS, supporting a
possible connection between CHI3L1 and the disability
progression (see supplementary materials). Besides, our
supplementary analysis showed that CH3L1 is independent
from normal aging and disease duration; this represents an
important diﬀerence from other more studied markers such
as glial ﬁbrillar acidic protein or neuroﬁlament light chain
(NfL). This evidence encourages a possible reliability of
CHI3L1 in clinical practice in monitoring the course of MS
disease even in the later stages. However, further research
that investigates the correlation of CHI3L1 levels in CSF and
the main clinical and imaging measures of disease progression, e.g., changes in the EDSS score over time and
estimation of brain atrophy, is warranted in the future.

radiologic data not available for all of them. One example is the
amount of brain or spinal cord atrophy, which, according to the
last ﬁndings, seems to correlate well with the levels of CHI3L1
in CSF. Schneider et al.48 recently supported the reliability of
CHI3L1 to diﬀerentiate progressive from relapsing form of
disease and demonstrated a diﬀerent correlation between
CHI3L1 and NfL with brain and spinal cord atrophy. CHI3L1
seemed to best correlate with spinal cord involvement, and, in
agreement with our results, it was less inﬂuenced by age and
disease duration than NfL. However, more studies are needed
to better evaluate the correlation between the levels of CHI3L1
and the topographic distribution of the lesion load in CNS.
Another possible explanation to the heterogeneity found in
some results is purely methodological; e.g., the subgroup
analysis investigating the diﬀerent levels of CSF CHI3L1 in
converting vs nonconverting CIS was found to be signiﬁcant
for those studies that used the Quantikine kit R&D Systems but
not for those that used the METRA kit; more importantly, the
heterogeneity between the studies was largely signiﬁcant only
for the METRA kit. We suggest further investigations about the
accuracy and reproducibility of the diﬀerent ELISA techniques
used for quantiﬁcation of CHI3L1 in CSF and serum.
However, the largest part of the studies selected for the metaanalysis used the same ELISA kit for the extraction of data.
Moreover, the performed inﬂuence and sensitivity analysis
conﬁrmed the persistence of the high signiﬁcance of the results obtained. In the end, the statistical standardization of
each absolute value of CSF levels of CHI3L1 in HCs showed
no signiﬁcant diﬀerence from each other, excluding the hypothesis of a center-dependent bias.
Our study has some limitations. Despite the high number of
articles selected, the majority of studies reported have been
carried out is small cohorts. There is also heterogeneity in the
quality assessment, with few studies with low NOS scores
(Table). As mentioned before, data about some imaging features (e.g., the number of brain and spinal cord lesions on T2
MRI sequences or quantiﬁcation of brain atrophy), correlations
with other serum/CSF biomarkers (e.g., neuroﬁlament light
chain), and the estimation of CHI3L1 levels over disease course
and in response to the several disease modifying treatments
are not available in this meta-analysis.

Results from our meta-analysis show no signiﬁcant diﬀerence
between levels of CHI3L1 in patients with RRMS and HCs within
the serum. This can be due to the predominant intrathecal production of CHI3L1 in CNS inﬂammatory processes, as argued
above. However, the small number of studies included in the
analysis and the restricted size of the groups of comparison may
have aﬀected the results. Therefore, larger studies are warranted.

The context of use of CHI3L1 in clinical practice is still indecisive. However, our results suggest a high potential of
CHI3L1 for the identiﬁcation of patients with MS at baseline,
especially for what concerns the primary progressive subtype,
and for monitoring the severity of progression over time. Further
investigations in the future to conﬁrm its reliability in the followup of patients with MS, especially on serum, are warranted.

The availability of many prospective studies in our analysis
strongly supports the reliability of our results. Moreover, the
high heterogeneity we found among some of the studies depends mainly on the presence of outliers, in which the dosage of
CSF/serum CHI3L1 could be justiﬁed by clinical and

In summary, the results of our meta-analysis showed that CSF
levels of CHI3L1 are higher in patients with MS compared
with HCs and those with CIS and in converting CIS in
comparison with nonconverting CIS. More importantly,
higher levels of CHI3L1 in the CSF best correlated with
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PPMS than the other subtypes, and consistently CHI3L1
levels better correlated with MS remission stages than with
acute relapses. In addition, the EDSS score signiﬁcantly correlates with higher CSF levels of CHI3L1 in PPMS vs RRMS.
These results suggest a potential role of CSF CHI3L1 levels as
a reliable biomarker to characterize MS disease activity and its
phenotypes and indicate a possible connection with measures
of progression. More studies are needed to establish its utility
in clinical practice, especially for what concerns the identiﬁcation of high probable-converting CIS, the distinction of
PPMS from RRMS at baseline and the correlation with other
measurement of disease progression (e.g., brain atrophy). We
also suggest further research in the future to establish the
potential role of CHI3L1 in serum for monitoring the disease
activity and its response to the main therapies.
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