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Background

At present, the diagnosis of Alzheimer’s disease (AD) mainly focuses on 1imaging
examinations and the detection of cerebrospinal fluid (CSF) markers. However, the high
cost and 1nability to be widely available 1n clinical practice greatly hinder 1ts feasibility.
To improve the diagnosis and delay the process of AD, the development of biomarkers
capable of detecting the early stages 1s of particular importance. YKL-40, also known as
CHI3L1 (chitinase-3-like protein-1), may represent a novel and suitable biomarker with
diagnostic utility for AD. Numerous studies aimed at assessing Y KL-40 levels in AD
have ended up with contlicting conclusions. We carried out a comprehensive meta-
analysis to explore differences in YKL-40 levels in CSF between AD and healthy control
subjects (HCs).

Methods

In this systematic review and meta-analysis, we screened PubMed, Embase, Google
Scholar, Scopus, and Web of Science for articles until December 2025 about comparing
CSF YKL-40 levels between AD patients and HCs. Data were extracted and checked by
two authors for accuracy. Between-studies heterogeneity was assessed using the 12
statistic. Summary standardized mean difference (SMD) and 95% confidence interval
(CI) 1n the CSF YKL-40 level were calculated using random effects models using
RevMan version 5.4.

Figure 1: Forest plot showing the SMD of CSF YKL-40 in Alzheimer’s disease.

Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Alcolea et al., 2017 280.3 47.6 72 199.8 50.3 76 4.5% 1.63 [1.26, 2.01] —
Antonell et al., 2014 348.755 100.9671 40 260.5 71.6 43 4.4% 1.01 [0.55, 1.46] —
Baldacci et al., 2017 147.4223 44 8328 35 99.4371 15.9007 21 4.2% 1.28 [0.69, 1.88] -
Bos et al. (AB-), 2019 84.2 64.6 23 127 45.4 95 4.4% -0.86[-1.33, -0.39] -

Bos et al. (AB+), 2019 193.6 68.7 157 175.1 63.6 45 4.6% 0.27 [-0.06, 0.61] —
Gispert et al., 2016 371.2592 136.8168 63 283.86 109.76 53 4.5% 0.69 [0.32, 1.07] —
Gispert et al., 2017 319.19 113.102 34 269.4508 99.5115 49 4.4% 0.47 [0.02, 0.91] —
Hampel et al., 2017 99.4223 15.4596 35 147.4371 46.112 21 4.2% -1.55[-2.16, -0.93] -

Janelidze et al., 2015 238.6881 67.7712 109 200 64 53 4.6% 0.58 [0.24, 0.91] —
Kester et al., 2015 288 96.7471 65 231 97.3242 37 4.5% 0.58 [0.17, 1.00] —

Lleo et al., 2019 131,606 49,537 110 209,732 72,760 154 4.6% -1.21[-1.48, -0.95] —

Llorens et al., 2017 400 181 65 254 117 50 4.5% 0.93 [0.54, 1.32] —
Manniche et al., 2020 182 70 57 150 48 33 4.4% 0.50 [0.07, 0.94] —
Mattsson et al., 2011 216.4375 64.2379 32 198 52 19 4.2% 0.30 [-0.27, 0.87] I
Nordengen et al., 2019 221 70 27 145 46 36 4.3% 1.31 [0.75, 1.86] —
Olsson et al., 2011 241,528 100,701 96 194,622 76,326 65 4.6% 0.51 [0.19, 0.83] —
Przybik et al., 2023 396.8708 190.6946 40 298.4755 108.5071 20 4.3% 0.58 [0.03, 1.12] —
Rodriguez et al., 2019 296.0204 54.6642 103 238.8 49.2 44 4.5% 1.07 [0.70, 1.45] —
Rosen et al., 2014 200,294.0606 54,788.5016 25 111,452.049 42,881.9567 25 4.1% 1.78 [1.11, 2.44] —
Schulz et al., 2021 225,763.64 121,341.79 11 146,546.5 42,410.5 20 3.9% 0.98 [0.20, 1.76] —
Toschi et al., 2019 153.358 54.308 37 102.91 40.895 20 4.2% 0.99 [0.42, 1.57] —
Yasuno et al., 2022 97.8 62.8 15 89.7 66.2 10 3.8% 0.12 [-0.68, 0.92] S
Zhang et al., 2018 471.9 167.5843 18 397.2 145.3812 32 4.2% 0.48 [-0.11, 1.06] —
Total (95% CI) 1269 1021 100.0% 0.54 [0.18, 0.89] <
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Results

A total of 22 eligible and relevant studies involving 2290 subjects,
including 1269 AD patients and 1021 HCs, were included. The results
showed that YKL-40 levels in the CSF of AD patients and HCs possess
significant differences. In the case of comparison with HCs, YKL-40 was
significantly higher in CSF of AD patients (SMD = 0.54, 95% CI: [0.18,
0.89]; p =0.003, I’=93%), as depicted in Figure 1.

Conclusion

The significance of CSF levels of YKIL-40 for early screening of AD 1s
definite. Our present study revealed that YKL-40 levels in CSF were
substantially higher in AD patients than in HCs.

The pathological mechanisms of neuroinflammation in AD and other
neurodegenerative diseases are very similar, so even though our current
findings may indicate that YKI.40 1s a viable candidate biomarker for AD,
its applicability 1n the differential diagnostic contexts of AD and in
monitoring the natural course of AD requires further investigation and
additional studies with larger sample sizes to be clarified and validated.
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