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Abstract
Aim
To evaluate the association between serum chitinase-3-like protein 1 (CHI3L1) and biopsy-confirmed

significant fibrosis in chronic hepatitis B virus (HBV) infection, and to explore CHI3L1-containing
diagnostic models.

Methods

This retrospective study included 81 adults who underwent liver biopsy between January 2020 and
December 2024. Significant fibrosis was defined as Scheuer stage S2-S4. Participants were allocated to
training (n = 65) and hold-out validation (n = 16) cohorts before missing-value imputation. HBV DNA was
log10-transformed. FibroScan, a serum model (prothrombin time, alkaline phosphatase, CHI3L1 and
log10 HBV DNA), and a combined model were assessed.

Results

Fifty-six participants had significant fibrosis. Median CHI3L1 was numerically higher with significant
fibrosis [31.73 (22.23-55.80) vs 27.41 (19.86-35.44) ng/mL; P = 0.105]. In the seven-variable model,
CHI3L1 showed a positive adjusted association (odds ratio 1.061, 95% confidence interval 1.004-1.121;
P =0.036). Training/validation areas under the receiver operating characteristic curve were 0.783/0.808
for FibroScan, 0.856/0.750 for the serum model and 0.873/0.800 for the combined model.

Conclusions

CHI3L1 showed a positive adjusted association, but model ranking was inconsistent in the small
validation cohort. These exploratory findings require rigorous internal validation and independent
prospective multicenter validation before clinical use.

Introduction

Chronic hepatitis B virus (HBV) infection remains a major cause of progressive liver disease, cirrhosis
and hepatocellular carcinoma. Fibrosis stage informs prognosis, treatment eligibility and follow-up, and
international and Chinese guidance recommends systematic fibrosis assessment in people with chronic
HBV infection [1-3]. Long-term antiviral suppression can be accompanied by histological regression of
fibrosis and cirrhosis, reinforcing the importance of assessing disease stage [4, 5].

Liver biopsy provides direct histological assessment and remains an important reference standard, but
its invasive nature, sampling variability and observer variation limit repeated use [6, 7]. Non-invasive
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assessment is therefore an important component of clinical practice [8]. FibroScan-derived liver
stiffness has demonstrated diagnostic value in biopsy-referenced HBV cohorts and meta-analysis [9, 10].
However, liver stiffness is not specific to collagen deposition: even mild-to-moderate alanine
aminotransferase elevation can influence measurements in chronic hepatitis B [11]. Acquisition reliability
also depends on patient and operator factors and the dispersion of valid measurements [12, 13].

Routine blood-based scores provide accessible comparators for new biomarkers. The aspartate
aminotransferase-to-platelet ratio index (APRI) was developed in chronic hepatitis C, and the fibrosis-4
index (FIB-4) in HIV/HCV coinfection [14, 15]. Subsequent HBV studies show that diagnostic
performance depends on the fibrosis endpoint and threshold [16, 17]. The large biopsy-referenced
synthesis informing the 2024 WHO guidance likewise found threshold-dependent trade-offs for APRI and
FibroScan [18]. A new biomarker should therefore be evaluated for information added to existing tests,
rather than judged solely by its standalone discrimination.

Chitinase-3-like protein 1 (CHI3L1, also known as YKL-40) is a secreted glycoprotein associated with
inflammation, tissue repair and extracellular-matrix remodeling [19]. Early biopsy-based work linked
serum CHI3L1 with histological fibrosis stage [20, 21]. Recent experimental work in metabolic
dysfunction-associated steatohepatitis implicates CHI3L1/interleukin-13 receptor alpha 2 signaling in
stellate-cell activation [22]. Experimental CHI3L1 deficiency also attenuates liver fibrosis by promoting
hepatic macrophage apoptosis [23]. These observations provide biological plausibility but do not
establish an HBV-specific mechanism or diagnostic threshold.

Clinical studies have evaluated serum CHI3L1 alone and in combination with routine indicators in HBV-
related liver disease [24-27]. More recent studies include a biopsy-based model addressing liver injury in
the immune-tolerant phase and the CHILI multicenter study of CHI3L1-containing machine-learning
models [28, 29]. A general-population nomogram has also been reported [30]. Differences in population,
assay platform, reference standard and model specification limit direct transfer of these findings to a
particular biopsy-confirmed HBV cohort. A CHI3L1 meta-analysis reported substantial between-study
heterogeneity, including variation associated with age and liver-disease etiology [31].

We therefore evaluated the association between serum CHI3L1 and biopsy-confirmed significant fibrosis
in chronic HBV infection. We also explored the discrimination, calibration and clinical utility of a CHI3L1-
containing serum model, FibroScan alone and a combined model.

Methods
Study design and participants

This retrospective diagnostic-modeling study included adults with chronic HBV infection who underwent
liver biopsy at Foshan First People's Hospital between January 2020 and December 2024. Chronic HBV
infection was diagnosed according to the 2022 Chinese guideline [3]. Eligible participants were 18-60
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years of age, had alanine aminotransferase and aspartate aminotransferase values no greater than twice
the upper limit of normal, and had an interpretable liver-biopsy fibrosis stage.

Exclusion criteria were concomitant liver disease (including autoimmune, drug-induced or alcohol-related
liver disease, steatohepatitis or hepatocellular carcinoma), coinfection with hepatitis C virus, hepatitis D
virus or human immunodeficiency virus, other malignancy, active systemic infection, severe cardiac,
pulmonary, neurological or renal disease, pregnancy or lactation, massive ascites, or body mass index
greater than 28 kg/m2.

The analytical cohort comprised 81 participants. Before imputation and model fitting, participants were
randomly allocated in an approximately 8:2 ratio to training (n = 65) and hold-out internal validation (n =
16) cohorts. The supplied analytical workbooks were complete after imputation. Reporting was prepared
with reference to TRIPOD + Al [32]. The study flow and analytical framework are shown in Fig. 1.

Histopathological assessment

Ultrasound-guided percutaneous liver-biopsy specimens were required to be at least 1.5 cm long and to
contain at least six portal tracts. Fibrosis was staged from S0 to S4 using the Scheuer system [33].
Significant fibrosis was defined as stage S2-S4; stages S0-S1 were classified as non-significant fibrosis.

Clinical, laboratory and elastography measurements

Demographic characteristics, body mass index, complete blood count, liver biochemical tests,
coagulation indices, HBV serological markers, serum HBV DNA, serum CHI3L1 and FibroScan liver-
stiffness measurements were obtained from the clinical record. Serum CHI3L1 was measured by
enzyme-linked immunosorbent assay. Detailed assay-platform and acquisition-quality metadata were
not available in the analytical files.

Data preprocessing and exploratory models

Random allocation was completed before missing values were imputed. HBV DNA was retained in [lU/mL
for descriptive reporting and log10-transformed for modeling. Exploratory least absolute shrinkage and
selection operator (LASSO) regression was used for screening [34]. In training data, LASSO at
lambda.min retained the sex variable, red blood cell count, hemoglobin, prothrombin time (PT), alkaline
phosphatase (ALP), HBeAg and CHI3L1. A seven-variable association model contained sex, red blood
cell count, hemoglobin, PT, ALP, CHI3L1 and log10 HBV DNA. Three diagnostic approaches were
compared: FibroScan alone; a serum model containing PT, ALP, CHI3L1 and log10 HBV DNA; and a
combined model that added FibroScan. The cross-validation results and coefficient trajectories from
exploratory LASSO screening are shown in Fig. 2.
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Statistical analysis

Continuous variables were summarized as median and interquartile range and compared using the
Mann-Whitney U test. Categorical variables were summarized as counts and percentages. Logistic-
regression results are reported as odds ratios (ORs) with 95% confidence intervals (Cls). Discrimination
was assessed with receiver operating characteristic curves and AUCs with DeLong Cls [35]. Calibration
was evaluated graphically and by calibration intercept, calibration slope and Brier score [36, 37].
Decision-curve analysis was exploratory and evaluated net benefit relative to treat-all and treat-none
strategies [38, 39]. All P values were two-sided; P < 0.05 was considered statistically significant.

Use of generative Al tools

ChatGPT and Codex (OpenAl) assisted with manuscript drafting, reference identification, code
preparation and figure formatting. Numerical results were derived from the supplied analytical data; no
patient observations were generated. The author group remains responsible for final scientific
verification and approval.

Results

Participant characteristics

Among 81 participants, 56 (69.1%) had significant fibrosis and 25 (30.9%) had non-significant fibrosis.
The training cohort contained 46 participants with significant fibrosis and 19 without; the validation
cohort contained 10 and 6, respectively. The median age was 37 years in both fibrosis groups (Table 1).

Compared with the non-significant-fibrosis group, participants with significant fibrosis had higher red
blood cell count, hemoglobin, PT, alanine aminotransferase, gamma-glutamyl transferase, ALP, creatinine
and FibroScan liver stiffness and lower platelet count and prothrombin activity. Median CHI3L1 was
numerically higher with significant fibrosis [31.73 (22.23-55.80) vs 27.41 (19.86-35.44) ng/mL], but the
unadjusted difference was not statistically significant (P =0.105).

Missing data and exploratory screening

The two supplied cohort workbooks contained complete post-imputation analytical records for all 81
participants, and no participant was moved between cohorts. The available files did not retain pre-
imputation missingness counts or the historical imputation algorithm; these details therefore could not
be reconstructed. Allocation remained fixed at 65 participants for training and 16 for hold-out validation.

At lambda.min, exploratory LASSO retained the sex variable, red blood cell count, hemoglobin,
prothrombin time, alkaline phosphatase, HBeAg and CHI3L1. Log10 HBV DNA was not retained at
lambda.min but remained in the fixed serum and combined model specifications. These screening
results were treated as exploratory and were not interpreted as establishing a final transportable
predictor set.
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Table 1

Selected baseline characteristics according to biopsy-confirmed fibrosis status

Characteristic Overall (n=81) S0-S1 (n=25) S2-S4 (n=56)
(Se;< category coded 1,n 52 (64.2) 10 (40.0) 42 (75.0)
%
Age, years 37 (33-42) 37 (33-41) 37 (33-42)
BMI, kg/m?2 21.62 (19.97- 20.93 (19.97- 22.09 (20.02-
23.65) 23.63) 23.66)

Red blood cell count,
x10M2/L

Haemoglobin, g/L

Platelet count, x1079/L

4.85 (4.37-5.27)

141 (127-152)
210 (178-238)

4.41 (4.09-4.63)

135 (125-144)
226 (208-239)

4.97 (4.60-5.41)

144 (132-156)
189 (162-235)

Prothrombin time, s 13.10 (11.70- 11.80 (11.30- 13.50 (12.00-
13.90) 13.20) 14.10)

Prothrombin activity, % 100 (89-133) 130 (96-149) 95 (86-124)

ALT, U/L 33.00 (20.20- 24.50 (16.00- 36.40 (24.77-
47.00) 35.00) 54.40)

AST, U/L 26.00 (22.00- 24.00 (18.60- 27.20 (22.50-
33.00) 27.00) 34.25)

GGT, U/L 24.00 (18.00— 20.00 (17.00- 28.50 (18.75-
37.00) 24.00) 42.50)

ALP, U/L 77 (59-90) 61 (54-77) 82 (69-94)

Creatinine, umol/L 69.90 (56.00- 58.00 (48.00-74.80)  72.40 (62.40-
79.30) 79.58)

CHI3L1, ng/mL 30.95 (21.42- 27.41 (19.86— 31.73 (22.23-
47.19) 35.44) 55.80)

HBV DNA, IU/mL 32,600 (2,440- 14,300 (452 - 41,750 (2,498-
1,710,000) 93,700,000) 588,500)

FibroScan liver
stiffness, kPa

6.10 (5.00-8.90)

5.00 (4.40-6.00)

7.30 (5.70-9.60)

P
value
0.002
0.963
0.481

<
0.001
0.035
0.008
0.001

0.002
0.019

0.059
0.006
<

0.001
0.017
0.105

0.747

<
0.001

Values are median (interquartile range) or number (percentage). HBV DNA is presented in IlU/mL. The
label 'sex category coded 1'is retained because the supplied analytical files did not define the coding
direction. P values are descriptive. ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,

aspartate aminotransferase; BMI, body mass index; CHI3L1, chitinase-3-like protein 1; GGT, gamma-

glutamyl transferase; HBV, hepatitis B virus.
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Regression associations

In univariable analysis, the sex category coded 1, red blood cell count, hemoglobin, PT, ALP and CHI3L1
were associated with significant fibrosis. In the simultaneous seven-variable model, ALP (OR 1.052, 95%
Cl 1.000-1.106; P = 0.048) and CHI3L1 (OR 1.061,95% CI 1.004-1.121; P = 0.036) had confidence
intervals excluding 1 (Table 2). Log10 HBV DNA showed a negative but statistically inconclusive
association (OR 0.792, 95% C1 0.537-1.167; P = 0.239).

Table 2
Univariable and multivariable logistic regression for significant fibrosis

Variable Univariable OR P Multivariable OR P
(95% CI) value (95% CI) value

Sex category coded 1 3.896 (1.267- 0.018 2.380(0.184-30.716)  0.507
11.984)

Red blood cell count, per 1 3.417 (1.208- 0.021 2.885(0.847-9.829) 0.090

x10*2/L 9.668)

Haemoglobin, per 1 g/L 1.034 (1.003- 0.033 1.024 (0.953-1.099) 0.519
1.065)

Prothrombin time, per 1 s 1.746 (1.126- 0.013 1.783 (0.891-3.566) 0.102
2.708)

Alkaline phosphatase, per 1 1.075 (1.031- < 1.052 (1.000-1.106) 0.048

u/L 1.120) 0.001

CHI3L1, per 1 ng/mL 1.033 (1.001- 0.043 1.061 (1.004-1.121) 0.036
1.066)

HBV DNA, per 1-log10 IU/mL 0.904 (0.699- 0.442 0.792 (0.537-1.167) 0.239

increase 1.170)

The multivariable model included all seven variables shown. The HBV DNA effect is per 1-log10 IU/mL
increase, corresponding to a tenfold increase in viral load. Cl, confidence interval; OR, odds ratio.

Model discrimination

The FibroScan model had an AUC of 0.783 (95% CI 0.663—-0.903) in training and 0.808 (95% CI 0.576-
1.000) in validation. Corresponding AUCs were 0.856 (95% Cl 0.757-0.954) and 0.750 (95% CI 0.500-
1.000) for the serum model, and 0.873 (95% Cl 0.787-0.959) and 0.800 (95% CI 0.566-1.000) for the
combined model (Table 3 and Fig. 3). The combined model ranked highest in training, whereas
FibroScan ranked highest in validation. AUCs were compared descriptively.
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Table 3
Discrimination of the three diagnostic approaches

Model Predictors Training AUC Validation AUC
(95% Cl) (95% Cl)

FibroScan FibroScan liver stiffness 0.783 (0.663- 0.808 (0.576-1.000)

model 0.903)

Serum model PT + ALP + CHI3L1 +log10 HBV DNA 0.856)(0.757— 0.750 (0.500-1.000)
0.954

Combined PT +ALP + CHI3L1 +log10 HBV DNA  0.873 (0.787- 0.800 (0.566-1.000)

model + FibroScan 0.959)

AUCs were compared descriptively; no formal pairwise superiority claim is made. ALP, alkaline
phosphatase; AUC, area under the receiver operating characteristic curve; Cl, confidence interval; PT,
prothrombin time.

Calibration and exploratory clinical utility

The combined model had an apparent training calibration intercept of 0.000, slope of 1.000 and Brier
score of 0.129. In validation, the intercept was - 0.916, the slope was 1.476 and the Brier score was
0.221. The training calibration curve was broadly aligned with the ideal line, whereas validation
calibration was irregular because the hold-out cohort contained only 16 participants (Fig. 4).

Exploratory decision-curve analysis showed positive net benefit for the combined model across most
displayed thresholds in training. The validation curve was jagged and crossed below zero in part of the
displayed range, indicating sensitivity to individual observations (Fig. 5). No probability-threshold interval
should be considered established.

Discussion

In this biopsy-confirmed chronic HBV cohort, serum CHI3L1 was numerically higher in participants with
Scheuer stage S2-S4 fibrosis. Although the unadjusted group comparison was not statistically
significant, the positive adjusted association persisted after inclusion of other model variables. This
supports CHI3L1 as a candidate marker for further evaluation, while the small sample and wide
confidence intervals require cautious interpretation.

The serum and combined models showed modest-to-good discrimination, but model ranking changed
between cohorts. The combined model ranked highest in training, whereas FibroScan ranked highest in
validation. This instability argues against claiming superiority. The model components may represent
complementary domains: CHI3L1 may reflect inflammatory and matrix-remodeling activity; PT reflects
hepatic synthetic function; ALP may capture cholestatic or ductular processes; and HBV DNA reflects
virological activity [2, 19]. Liver stiffness provides a physical measure related to fibrosis but is also
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influenced by inflammatory activity [9, 11]. This biological rationale is not evidence that each variable
provides independent incremental diagnostic value.

The direction of the CHI3L1 association is broadly consistent with earlier HBV studies, but their
reference standards and clinical spectra differ. Jin et al. assessed CHI3L1 in 134 patients using an
elastography-defined fibrosis endpoint [24], whereas Das et al. examined histological severity in 50
treatment-naive patients with compensated HBV-related disease [26]. Jiang et al. investigated a broader
HBV-related disease spectrum that included cirrhosis and hepatocellular carcinoma [25]. Huang et al.
developed a CHI3L1/alpha-fetoprotein/platelet model in 337 patients with Scheuer-staged fibrosis [27].
These studies support further investigation of CHI3L1, but neither their thresholds nor their model
performance can be assumed to apply to the present cohort.

Newer reports further clarify the context for this exploratory study. Wang et al. evaluated a CHI3L1-
containing model for hepatic injury, including patients in the immune-tolerant phase [28]. The 2026 CHILI
study included 347 participants, with 44 in an external-validation cohort, and used a chemiluminescent
CHI3L1 assay with machine-learning models [29]. Jin et al. studied 6,361 general-population participants
and defined significant fibrosis using FibroTouch liver stiffness rather than liver biopsy [30]. These
studies differ from our small cohort in case mix, measurement and modeling; cross-study AUC
differences should not be interpreted as head-to-head evidence of superiority.

The negative, inconclusive coefficient for log10 HBV DNA should also be interpreted within the selected
biopsy cohort. In the prospective REVEAL-HBV cohorts, higher baseline viral load predicted subsequent
cirrhosis and hepatocellular carcinoma [40, 41]. Those longitudinal outcomes differ from
contemporaneous significant fibrosis; our coefficient neither contradicts the prognostic importance of
viral replication nor supports a protective effect of higher HBV DNA.

Mechanistic findings also warrant restraint. The experimentally defined CHI3L1/interleukin-13 receptor
alpha 2 pathway and CHI3L1-deficiency data support a link with inflammatory fibrogenesis [22, 23].
However, these non-HBV findings do not demonstrate that serum CHI3L1 specifically measures HBV-
induced collagen deposition. Variation in inflammation, comorbidity and assay calibration may
contribute to differences between clinical studies.

A clinically useful extension would compare a routine-marker base model with the same model after
adding CHI3L1, alongside established scores such as APRI and FIB-4. Their variable performance in HBV
cohorts makes disease-specific comparison important [16, 17]. Discrimination alone is insufficient:
calibration and net benefit at clinically justified thresholds are also needed [36, 37, 39]. The present three-
model comparison does not establish the incremental value of CHI3L1 or a threshold for routine clinical
implementation.

Limitations
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Several limitations require emphasis. The retrospective setting and unresolved distinction between one
center, two campuses or two centers may limit transportability. The cohort was small relative to the
number of candidate predictors; model-development sample size should account for outcome frequency
and anticipated model performance, not only total enrollment [42]. Simulation evidence also cautions
against treating a fixed events-per-variable rule as a universal adequacy criterion [43]. The hold-out
cohort contained only 16 participants, including six without significant fibrosis, resulting in wide AUC
confidence intervals and unstable calibration and decision curves. A full-cohort bootstrap validation
would use the available observations more efficiently than a single random split, although it would not
replace external validation [44].

The fixed four-variable serum model and exploratory LASSO results may be sample-dependent. Data-
driven variable selection can affect coefficient stability and the interpretation of conventional P values
and confidence intervals [45]. Small samples, predictor handling and analytical choices are relevant to
the quality and risk-of-bias domains emphasised by PROBAST + Al [46]; no formal PROBAST + Al
assessment was conducted here. Pre-imputation missingness and the exact historical imputation
algorithm could not be reconstructed from the post-imputation analytical files, so preprocessing
uncertainty was not propagated. Missing-data assumptions and procedures require transparent
reporting because they can influence bias and precision [47]. Detailed CHI3L1 assay characteristics,
FibroScan acquisition criteria, pathology-review procedures and HBV DNA below-quantification handling
were unavailable. External validation, longitudinal outcomes and formal assessment of CHI3L1's
incremental value were not performed.

Future studies should prespecify a compact predictor set, document preprocessing completely, use
bootstrap optimism correction during development and test a locked equation in an adequately sized
independent multicenter sample [42, 44, 48]. Model development and validation should be treated as
distinct stages within a prespecified workflow [49]. Reporting should include calibration intercept and
slope, Brier score, clinically justified decision thresholds and assay reproducibility [32, 36, 37, 39]. Such
work is needed to determine whether CHI3L1 adds enough information to routine laboratory tests or
FibroScan to change patient management.

Conclusions

After log10 transformation of HBV DNA, the CHI3L1-containing serum and combined models showed
modest-to-good discrimination for biopsy-confirmed significant liver fibrosis in chronic HBV infection.
CHI3L1 retained a positive adjusted association, but model ranking was inconsistent and validation
estimates were imprecise. These exploratory findings require rigorous internal validation and
independent prospective multicenter validation before clinical implementation.

Abbreviations

ALP
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alkaline phosphatase

ALT

alanine aminotransferase
AST

aspartate aminotransferase
AUC

area under the receiver operating characteristic curve
CHI3L1

chitinase-3-like protein 1

Cl

confidence interval

GGT

gamma-glutamyl transferase
HBV

hepatitis B virus

LSM

liver stiffness measurement
OR

odds ratio

PT

prothrombin time.
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Figure 1

Study flow and analytical framework. Cohort allocation preceded missing-data imputation; the training
and validation cohorts remained fixed throughout the analysis
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HBV DNA; the combined model additionally contained FibroScan
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Exploratory decision-curve analysis for the combined model in the training cohort (a) and hold-out
validation cohort (b). Treat-all and treat-none strategies are shown; no threshold interval is asserted from
the small validation cohort
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