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Purpose: Snoring individuals, particularly those with obstructive sleep apnea (OSA), exhibit a higher prevalence of nonalcoholic fatty
liver disease (NAFLD) and liver fibrosis. The objectives of this study were to explore potential screening biomarkers for NAFLD and
liver fibrosis in the snoring population.

Methods: The research was carried out as a cross-sectional study at the Sleep Center of the First Affiliated Hospital of Fujian Medical
University. All patients underwent FibroScan and overnight polysomnography (PSG). The 96-metabolism related proteins were
detected using liquid chromatography-high resolution mass spectrometry (Oink Proteomics).

Results: A total of 59 NAFLD were found among the 87 snoring patients. A total of 12 proteins with differential expression levels
were identified between non-NAFLD group and NAFLD group via Oink Proteomics. The correlation analysis revealed a close
correlation between Cadherin 2 (CDH2) and NAFLD, liver fibrosis (with correlation coefficients of 0.394 and 0.383, respectively, both
P < 0.05). The risk of NAFLD and liver fibrosis was much higher in snorers with higher levels of CHD2 compared with snorers with
lower levels of CHD2 (both P < 0.05). A combination of CHD2, age, BMI, glucose, AHI and waistline presented the acceptable AUC
for the detection of NAFLD and liver fibrosis in snoring patients (0.92, 95% CI: 0.86-0.98 and 0.81, 95% CI: 0.72-0.91, respectively,
both p < 0.001).

Conclusion: In snoring patients, higher level of CDH2 was identified as a risk factor for NAFLD and liver fibrosis; a combination of
CDH2, age, BMI, glucose, AHI and waistline could act as a convenient and effective indicator for screening NAFLD and liver fibrosis.
Future research should expand the sample size and conduct multicenter validation to further explore the value of CDH2.

Plain Language Summary: Snoring individuals have an elevated incidence of nonalcoholic fatty liver disease (NAFLD) and liver
fibrosis. Oink Proteomics discovered that CDH2 expression was upregulated in individuals with snoring who also have NAFLD.
Further analysis revealed that a combination of CDH2, age, Body mass index (BMI), glucose, Apnea hypopnea index (AHI) and
waistline could act as a convenient and effective indicator for screening NAFLD and liver fibrosis in snoring patients.
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Introduction

Nonalcoholic fatty liver disease (NAFLD), affecting about 30% of the global population, is a prevalent chronic liver
condition that closely related metabolic disorders such as obesity, type 2 diabetes mellitus, and dyslipidaemia.'~
Obstructive sleep apnea syndrome (OSA), which leads to intermittent hypoxia (IH) and hypercapnia caused by upper
airway narrowing and collapse, is a high-risk factor for several metabolic diseases.’ Previous studies have found that
NAFLD and liver fibrosis were common in OSA patients. OSA is linked to the development of NAFLD and
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contributes to the progression of NAFLD.* In addition to individuals who are obese, NAFLD has a higher incidence even
among non-obese snoring populations.” NAFLD in snoring individuals is receiving increasing attention.

A subset of NAFLD patients with nonalcoholic steatohepatitis (NASH), particularly those with liver fibrosis, are at a high risk
of progressing to severe liver complications, such as decompensated cirrhosis, liver cancer, and increased mortality.® Because the
NASH often presents asymptomatically or with mild symptoms in its early stages, a significant number of individuals remain
undetected until the condition has advanced to more severe and potentially life-threatening levels, thereby imposing a substantial
burden on public health.” Thus, the timely identification of individuals at high risk for NASH is crucial for initiating timely
interventions and effective management strategies. Previous studies have explored the use of simple serological parameters such
as the triglyceride glucose index (TyG), platelet-related parameters, etc., to predict NAFLD in snoring populations, but the
sensitivity and specificity are not ideal.* It is very necessary to find convenient and efficient serological markers for the early
diagnosis of NAFLD.

Olink Proteomics technology utilizes the Proximity Extension Assay (PEA), a high-throughput method that enables
the detection of hundreds of proteins with high sensitivity and specificity.'® Previous studies have suggested that snoring
populations developed liver metabolic abnormalities through mechanisms such as oxidative stress, leading to the
occurrence of NAFLD. So, the metabolism related panel was chosen to search for biomarkers that may predict NAFLD.

This study aims to further investigate a potential screening biomarker for NAFLD and liver fibrosis in the snoring
population.

Methods

Study Populations

A cross-sectional study was conducted at the Sleep Center of the First Affiliated Hospital of Fujian Medical University.
We enrolled consecutive patients who visited our center with snoring and suspected sleep apnea hypopnea syndrome. The
study carried out between December 16, 2023, to August 16, 2024.

The including criteria were as follows: (1) Snoring patients suspected of having sleep apnea hypopnea syndrome.
Snoring was defined as self- or partner-reported loud and frequent snoring, ascertained during a face-to-face interview.
(2) Age ranged from 18 to 80 years. (3) Underwent Fibroscan during hospitalization. (4) Underwent completed overnight
polysomnography for sleep respiratory monitoring. (5) Had complete biochemical examination data. (6) Participants
provided informed consent to take part in the study. Individuals with a history of liver cancer, viral hepatitis, alcoholic
liver disease, or other chronic liver conditions were not included in the study.

The patients’ medical histories, including conditions such as hypertension and diabetes, were reviewed. Their
anthropometric parameters, including height, weight, neck circumference, and waist circumference, were also measured.
Fibroscan was performed. At night, the polysomnography respiratory monitoring system (Condi Australia) was used to
obtain sleep-related parameters, including AHI (Apnea-Hypopnea Index), ODI (Oxygen Desaturation Index), lowest
oxygen saturation, mean oxygen saturation and sleep staging. On the morning after the sleep respiration monitoring ends,
we collected fasting blood samples to conduct routine blood tests, assess liver and kidney function, and determine the
lipid profile, and Olink proteomics analysis. The TyG index was calculated as Ln[TG (mg/dL) x FBG (mg/dL)/2].

Ethical Approval and Consent to Participate

All participants provided written informed consent prior to the commencement of the study. The study complies with the
Declaration of Helsinki, and the research protocol was approved by the Ethics Committee of the First Affiliated Hospital
of Fujian Medical University (Approval Number: MRCTA, ECFAH of FMU|2024(690).

Definition of NAFLD and Liver Fibrosis

Hepatic steatosis and liver fibrosis were diagnosed using transient elastography (FibroScan, Echosens, France). The
measurements were deemed reliable only under the following conditions: at least 10 valid liver stiffness measurements
(LSM) were obtained; participants fasted for a minimum of 3 hours before the examination; and the interquartile range
(IQR) to median ratio was less than 30%. Hepatic steatosis was diagnosed when controlled attenuation parameter (CAP)
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values exceeded 274 dB/m."" NAFLD was diagnosed based on CAP results. Subjects with excessive alcohol consump-
tion were excluded prior to assessment. Liver fibrosis was defined by LSM thresholds exceeding 7.4 kPa.'?

Definition of Apnea, Hypopnea and OSA

The diagnosis of hypopnea, apnea, and OSA was based on the 2017 American Academy of Sleep Medicine (AASM)
criteria, which are as follows: AHI of less than 5 events per hour indicates the absence of OSA; AHI between 5 and 14.9
events per hour signifies mild OSA; AHI between 15.0 and 29.9 events per hour indicates moderate OSA; and AHI

greater than 30 events per hour denotes severe OSA.

Protein Biomarkers Analysis

Serum samples intended for protein analysis were stored at —80°C until the time of analysis. The analyses were conducted
using the Olink Target 96 Metabolism Proteomics platform (Olink Proteomics, Sweden), which is capable of measuring 92
pre-specified metabolism-related proteins. This platform was predicated on the a priori identification of proteins that are
hypothesized to play a significant role in the metabolic pathways of interest. This panel was selected to allow for a focused
investigation of proteins with established biological relevance to our research question. This platform utilizes Proximity
Extension Assay (PEA) technology, involving 92 unique oligonucleotide-labeled antibody-DNA probe pairs designed to
bind specifically to target proteins within the samples. The quantification of multiplexed cytokine levels is achieved through
real-time polymerase chain reaction (PCR) amplification of DNA from the antibody-DNA pairs, with the number of PCR
cycles correlating to the protein concentration in the sample. The results are presented as Normalized Protein Expression
(NPX) values, which reflect relative protein concentrations and are comparable to log2-transformed protein concentrations.
Proteins with over 90% of their values falling below the lower limit of detection (LOD) were excluded from further analysis.

Statistical Analysis

The normality of continuous variables was assessed using the Kolmogorov—Smirnov test. For continuous variables
that did not follow a normal distribution, differences were analyzed using the Mann—Whitney U-test. In contrast,
Student’s ¢-test was employed for normally distributed continuous variables. Categorical variables were presented
as percentages and analyzed using the Chi-squared test. Additionally, multivariate logistic regression analysis was
conducted to identify independent factors associated with NAFLD and liver fibrosis in patients with snoring. The
diagnostic accuracy of CHDZ2 and the combined prediction index for NAFLD and liver fibrosis in snoring patients
were evaluated using receiver operating characteristic (ROC) curve analysis. A p value less than 0.05 was
considered statistically significant. All analysis was conducted by R 4.3.2 (https://www.r-project.org/).

Results
Baseline Characteristics of Snoring Patients

The study prospectively screened 107 snoring patients who had undergone FibroScan examination. Exclusion criteria
were applied, resulting in the exclusion of 20 patients who did not meet the inclusion criteria, 2 due to not meeting the
age criteria, 9 due to incomplete data, 3 with viral hepatitis, 5 with alcoholic liver disease and 1 with liver cancer.
A final cohort of 87 patients with complete data was included in the analysis. The flow chart of the study is
summarized in Figure 1. The baseline characteristics of these subjects are presented in Table 1. In the entire
queue, the median age was 49.00 (range 35.00-59.50) years, 81.6% were male. The prevalence rates for OSA were
97.70% (85/87), with 22.99% (20/87) moderate OSA and 68.97% (60/87) severe OSA respectively. Fifty-nine
(67.82%) had NAFLD and 27 (31.03%) had liver fibrosis. Snoring patients with NAFLD had higher levels of
necklace, waistline, BMI and liver fibrosis (all p < 0.05). The NAFLD group suffered from more severe OSA (all
p < 0.05).
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Figure | Flowchart of the study.

|dentification of CDH2 in the Snoring Patients with NAFLD and Liver Fibrosis

The samples were tested using the Olink metabolism proteomics panel. Ninety-two proteins were quantified in all
samples. We identified a total of 12 proteins with different expression levels between the non-NAFLD group and NAFLD
group. These proteins include Cadherin-2 (CDH2), Amyloid-like protein 1 (APLP1), Aldehyde Dehydrogenase 1 Family
Member Al (ALDH1A1), Cathepsin O (CTSO), C-type lectin domain family 5 member A (CLEC5A), Ectonucleotide
pyrophosphatase/phosphodiesterase family member 7 (ENPP7), Fructose-1,6-bisphosphatase 1 (FBP1), Meprin
A subunit beta (MEP1B), Nodal modulator 1 (NOMOL1), Reticulon-4 receptor (RTN4R), Scavenger receptor cysteine-
rich domain-containing group B protein (SSC4D) and Thimet oligopeptidase (THOP1) (all p < 0.05) (Figure 2). Among

Table | Clinical and Polysomnographic Characteristics of the Study Population at Baseline

Variables Overall (n = 87) Non-NAFLD (n = 28) NAFLD (n =59) P Value
General characteristics
Male (%) 71 (8l.61) 20 (71.43) 51 (86.44) 0.091
Age (years) 49.00 (35.00, 59.50) 60.50 (53.75, 65.00) 41.00 (32.00, 50.50) <0.001
BMI (kg/m?) 27.40 (24.88, 30.48) 24.76 (23.44, 27.25) 28.60 (27.04, 31.77) <0.001
NC (cm) 40.00 (36.00, 44.00) 36.50 (34.75, 40.00) 41.50 (38.75, 45.00) <0.001
WC (cm) 99.00 (92.10, 109.50) 94.70 (88.50, 100.25) 100.00 (93.00, 111.00) 0.003
Waist Hip Ratio 0.97 (0.91, 1.02) 0.95 (0.89, 1.01) 0.97 (0.92, 1.03) 0.164
Polysomnography data
Stage NI (%) 30.50 (21.65, 46.40) 24.80 (18.40, 36.52) 38.40 (23.35, 51.25) 0.016
Stage N2 (%) 37.70 (31.75, 45.90) 44.45 (38.62, 48.82) 35.90 (30.25, 41.70) 0.003
Stage N3 (%) 11.80 (2.85, 17.85) 11.95 (7.05, 17.68) 11.50 (1.55, 17.90) 0.431
AHI (events/h) 44.00 (27.30, 70.95) 34.55 (24.15, 54.25) 56.40 (30.10, 80.30) 0.009
ODI (events/h) 44.30 (22.50, 70.60) 31.70 (19.80, 49.80) 57.70 (28.20, 77.35) 0.008
(Continued)
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Table | (Continued).

Variables Overall (n = 87) Non-NAFLD (n = 28) NAFLD (n = 59) P Value
TC90 (%) 4.70 (0.90, 14.75) 1.70 (0.10, 4.15) 8.10 (2.20, 18.65) <0.001
Minimal SaO2 (%) 75.00 (64.50, 85.00) 81.00 (74.50, 87.25) 72.00 (62.50, 82.00) 0.008
Mean SaO2 (%) 92.00 (88.00, 94.00) 94.00 (92.00, 94.25) 91.00 (86.50, 93.50) 0.001
Comorbidities

Hypertension (%) 35 (40.23) 15 (53.57) 20 (33.90) 0.080
Diabetes (%) 11 (12.64) 5(17.86) 6 (10.17) 0.508
Laboratory features

TyG index 7.29 (6.97, 7.53) 7.09 (6.71,7.32) 7.38 (7.10, 7.60) 0.002
ALT (U/L) 27.00 (18.00, 41.00) 17.50 (13.75, 26.00) 33.00 (23.50, 46.50) <0.001
AST (U/L) 22.00 (19.00, 28.00) 19.50 (17.00, 24.00) 24.00 (20.00, 31.50) 0.005
v-GGT (U/L) 34.00 (22.50, 48.00) 23.00 (15.00, 36.25) 36.00 (25.50, 51.50) 0.004
Creatinine (umol/L) 73.00 (61.50, 82.50) 76.00 (59.75, 82.00) 72.00 (63.00, 83.00) 0.971
Uric acid (umol/L) 405.10 (349.00, 464.00) | 359.50 (284.75, 398.50) | 420.00 (377.50, 480.00) | <0.001
TC (mg/dL) 4.56 (3.92, 5.15) 4.22 (3.62, 5.23) 4.65 (4.06, 5.10) 0.171
TG (mg/dL) 1.73 (1.23, 2.27) 1.36 (1.01, 1.96) 1.96 (1.33, 2.55) <0.001
HDL (mg/dL) 1.00 (0.89, 1.23) 1.15 (1.02, 1.30) 0.94 (0.85, 1.15) 0.002
Liver fibrosis (%) 27 (31.03) 3 (10.71) 24 (40.68) 0.005

Note: Data were presented as n (%) or median (IQR).

Abbreviations: BMI, Body-mass index; NC, Neck circumference; WC, Waist circumference; AHI, Apnea-hypopnea index; ODI, Oxygen
desaturation index; TC90, Time with SaO2 < 90%; TyG index, Triglyceride-glucose index; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; y-GGT, gamma glutamyl transferase; TC, Total cholesterol; TG, Triglyceride; HDL, high density lipoprotein cholesterol;
NAFLD, Nonalcoholic fatty liver disease.

these differentially expressed proteins, 10 proteins were up-regulated and 2 proteins were down-regulated. Table 2
showed the correlations between differentially expressed serum proteins and NAFLD, liver fibrosis in snoring patients.
The correlation analysis revealed a close correlation between CDH2 and NAFLD, liver fibrosis (with correlation
coefficients of 0.394 and 0.383, respectively, both P < 0.05).

The Association Between of CDH2 and NAFLD, Liver Fibrosis

As shown in Table 3, a positive association was observed between CDH2 levels and NAFLD. This significance remained
more significant after adjustment for gender, Age, AHI (Model 2, OR = 6.58, 95% CI: 1.83-23.64; p = 0.004). After fully
adjusted by gender, age, AHI, BMI, hs-CRP, HbA1C and triglyceride (Model 3), CHD2 levels were still positively
associated with the risk of NAFLD (OR = 10.77, 95% CI: 1.75-74.63; p = 0.016). A positive association between CDH2
levers and liver fibrosis was also observed (Table 4) in snoring patients. After fully adjusting for gender, age, AHI, BMI,
hs-CRP, HbA1C and triglyceride, CDH2 was still positively associated with the risk of liver fibrosis (OR = 12.58, 95%
CI: 2.15-73.49; p = 0.019). Furthermore, patients were divided into high-level CDH2 group and low-level CDH2 group
based on CDH2’s median value of 0.96. The risk of NAFLD and liver fibrosis was much higher in snoring patients with
higher levels of CHD2 compared with snorers with lower levels of CHD2 (both P < 0.05).

The Value of CDH2 and Combined Index in Predicting NAFLD and Liver Fibrosis in

Snoring Patients

Prediction models for NAFLD and liver fibrosis were conducted in snoring patients using CHD2, age, BMI, glucose, AHI and
waistline. The predictive value of the combined index was evaluated using the ROC curve. Area Under the Curve (AUC) of
the combined index for NAFLD and liver fibrosis were 0.92 (95% CI: 0.86-0.98) and 0.81 (95% CI: 0.72-0.91), respectively
(Figures 3a and 4a). The calibration curve is used to evaluate the performance of the prediction model. As shown in
Figures 3b and 4b, the scatter plot of actual occurrence rates and predicted occurrence rates exhibits good consistency.
Predictive nomograms were constructed according to the results of the multivariate logistic regression analysis. We developed
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Figure 2 Differential expression serum proteins in snoring patients with and without NAFLD. (a) Heat map of differentially expressed proteins. (b) Relative expression
levels of differentially expressed proteins. *p < 0.05, **p < 0.01, **p < 0.001.
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Table 2 Spearman’s Rank Correlation Coefficients

Between NAFLD and Liver Fibrosis in Snoring
Patients
NAFLD Liver Fibrosis
R p Values | R p Values
CTSO 0.375 | 0.000 0.238 | 0.026
SSC4D 0.326 | 0.002 0.112 | 0.303
CDH2 0.394 | 0.000 0.383 | 0.000
MEPIB 0.334 | 0.002 0.225 | 0.037
CLECS5A -0.302 | 0.005 0.130 | 0.232
APLPI -0.346 | 0.001 —-0.089 | 0.412
THOPI 0.375 | 0.000 0.253 | 0.018
NOMOI 0.379 | 0.000 0.333 | 0.002
ALDHIAI | 0.361 0.001 0.306 0.004
FBPI 0.293 | 0.006 0.234 | 0.029
RTN4R 0.279 | 0.009 0.188 | 0.081
ENPP7 0.377 | 0.000 0.204 | 0.058

Abbreviations: CTSO, Cathepsin O; SSC4D Scavenger receptor
cysteine-rich domain-containing group B protein; CDH2, Cadherin-2;
MEPI1B, Meprin A subunit beta; CLEC5A, C-type lectin domain family
5 member A; APLPI, Amyloid-like protein |; THOPI, Thimet oligo-
peptidase; NOMOI, Nodal modulator I; ALDHIAI, Retinal dehy-
drogenase |; FBPI, Fructose-l,6-bisphosphatase |; RTN4R,
Reticulon-4 receptor; ENPP7, Ectonucleotide pyrophosphatase/

phosphodiesterase family member 7.

Table 3 The Relationship Between NAFLD and CDH2 in Snoring Patients

Model | Model 2 Model 3

OR 95% CI P Value OR 95% ClI P Value OR 95% ClI P Value
CHD2 7.81 2.18, 28.01 0.002 17.54 3.03, 101.60 0.001 10.77 1.55, 74.63 0.016
CDH2 level
Lower 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Higher 391 1.48,10.35 0.006 6.58 1.83, 23.64 0.004 10.46 1.54, 71.00 0.016

Notes: Data are resented as odds ratios, 95% confidence intervals, and P-value. Mode |, non-adjusted model. Mode 2, Adjust for: gender, Age, AHI; Mode

3, Adjust for: Sex, Age, AHI, BMI, hs-CRP, HbAIC and triglyceride.

Table 4 The Relationship Between Liver Fibrosis and CDH2 in Snoring Patients

Model | Model 2 Model 3

OR | 95% CI P Value | OR 95% CI P Value | OR 95% ClI P Value
CHD2 8.80 | 2.52, 30.79 | <0.001 10.99 | 2.85, 42.46 | <0.001 12.58 | 2.15, 73.49 | 0.005
CDH2 level
Lower 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Higher 332 | 1.26,879 | 0.015 391 1.38, I1.10 | 0.010 5.20 1.13,20.70 | 0.019

Notes: Data are presented as odds ratios, 95% confidence intervals, and P-value. Mode |, non-adjusted model. Mode 2, Adjust for:
gender, Age, AHI; Mode 3, Adjust for: Sex, Age, AHI, BMI, hs-CRP, HbAIC and triglyceride.

Nature and Science of Sleep 2025:17

https:

2675



@ Huang et al

(a) (b)

1.0
Hosmer-Lemeshow P = 0.231
0.78 0.8
2 2
= Z0.6
£0.52 <
2 &
3 3
w0 £04
<
0.26 P
—APp;\(e‘nlC
().,7 : B‘G‘Jum ted
.-~ AUC (95%CI): 0.92 (0.86 - 0.98) B
0.00{, ol -
0.00 0.26 0.52 0.78 0.0 02 04 06 03 0
C 1-Specificity Predicted probaility
. 0 10 20 30 40 50 60 70 80 90 100
Points r — T T T T 1 | L R R R R L LR BENLELEL N B A EL S L L
CDH2 L 1 1 1 | 1 1 1 1 I 1 1 1 |
-02 0 0.2 0.6 1 1.2 1.6 2 22
BMI L 1 1 1 1 1 J
20 25 30 35 40 45 50
0 20 50 80 110
WC L 1 1 | 1 1 1 1 1 1 J
170 160 150 140 130 120 110 100 90 80 70
Age L 1 1 1 1 1 1 1 1 1 1 1 1 |
80 70 60 50 40 30 20
GIUCOSC Lt
35 5 65 8
Total Points L 1 L y . . L . . ‘
20 40 60 80 100 120 140 160 180
Linear Predictor et S L L )
-6 -4 -2 0 2 4 6 8 10 12

0.1 030507 09

Figure 3 The efficiency and accuracy of the combined index for predicting the risk of NAFLD in snoring patients. (a) ROC curves for the model to predict the risk of
NAFLD in snoring patients; The logit model has the following equation: NAFLD =-5.49+2.93*CDH2- 0.09*Age+ 0.59*BMI- 0.1 |*waistline+ 0.40*Glucose+ 0.02*AHI,
achieving a diagnostic performance with an area under the curve of 0.92 with a sensitivity of 89% and specificity of 81%. (b) Calibration curves for the model predicting the
risk of NAFLD in snoring patients; (c) Predicting the risk of NAFLD in snoring patients via the nomogram.

nomogram models for diagnosing NAFLD and liver fibrosis based on the combined index. In the nomogram prediction
models, CDH2 had a great predictive value in NAFLD and liver fibrosis in Snoring Population (Figures 3¢ and 4c).

Discussion

In this study, CHD2 was upregulated in snorers with NAFLD. High expression levels of CHD?2 are closely associated

with increased risk of NAFLD and liver fibrosis. In addition, a combination of CHD2, age, BMI, glucose, AHI and

waistline presented the acceptable AUC, high sensitivity and specificity for the detection of NAFLD in snoring patients.
High-precision proteomics serve as a reliable approach for protein analysis, enabling the discovery of biomarkers.

This study employed Olink Proteomics, a reliable and stable tool for scientific research, offering high-throughput protein

quantification with exceptional sensitivity and specificity.'® PEA technology minimizes variability and ensures consistent

results across different experiments, making it an ideal platform for scientific studies and cross-cohort comparisons. '’
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Figure 4 The efficiency and accuracy of the combined index for predicting the risk of liver fibrosis in snoring patients. (a) ROC curves for the model to predict the risk of
liver fibrosis in snoring patients; The logit model has the following equation: liver fibrosis =-10.59+1.96*CDH2- 0.01*Age+ 0.23*BMI- 0.01*waistline+ 0.65*Glucose-
0.02*AHlI, achieving a diagnostic performance with an area under the curve of 0.81 with a sensitivity of 72% and specificity of 81%. (b) Calibration curves for the model
predicting the risk of liver fibrosis in snoring patients; (c) Predicting the risk of liver fibrosis in snoring patients via the nomogram.

Olink Proteomics has been widely used in searching for diagnostic biomarkers for chronic diseases, such as heart failure,
diabetes mellitus and metabolic syndrome.'*' In this paper, we found 12 differentially expressed serum proteins
associated with NAFLD and liver fibrosis in snorers. Among these differentially expressed proteins, CDH2 showed
the highest correlation with both NAFLD and liver fibrosis, so we have incorporated CDH2 into our subsequent
investigative endeavors.'®

CDH2, commonly referred to as N-cadherin, is a key component of the classical cadherin family and has been
extensively implicated in the development of various tissues and organs during developmental processes.'’ Human
Protein Atlas portal (HPA) knowledge resource shows that CDH2 is a membrane protein that is most abundant in the
liver, kidney, and heart muscle. Giraudi et al discovered that CDH2 serves as a valuable tool for accurately diagnosing
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fatty liver, with the strongest association to the degree of steatosis being CDH2 plasma abundances.'® The epigenetic
variant rs11083271 mapped in CDH2 has been linked to metabolic dysregulation observed in steatotic liver disease
(MASLD). Ferrell et al reported that the presence of the N-cadherin prodomain on the cell membrane may act as
a potential indicator of pathological myofibroblasts and fibrotic tissues in organs such as the liver, lungs, and heart."
Similarly, Pascut et al identified CDH2 as a critical marker involved in the epithelial-mesenchymal transition (EMT),
a process characterized by increased CDH2 expression under certain pathological conditions, including fibrosis.*
Meanwhile, EMT has been recognized as a key contributor to the progression of liver fibrosis caused by NAFLD and
transforms hepatocytes into mesenchymal cells, leading to liver fibrosis, which further develops into cirrhosis and
hepatocellular.'” Based on previous study, this highlights the potential role of CDH2 as an important biomarker for
NAFLD and liver fibrosis. Previous studies revealed that CDH2 was associated with hepatic steatosis in obese children
and patients with Prader-Willi syndrome.'** Ghionescu et al observed that miR-26a-5p inhibits the epithelial-to-
mesenchymal transition (EMT) in the early stages of diabetic liver disease by downregulating CDH2 expression,
suggesting its potential as a valuable therapeutic target in this condition.”> Due to the limitations of the study subjects
and sample size, further exploration of the value of CDH2 in the diagnosis of NAFLD is needed. Our study found an
increased expression of CDH2 in patients with NAFLD and liver fibrosis. Furthermore, higher levels of CDH2 were the
risk factor of NAFLD and liver fibrosis in the snoring population. The results confirmed that CDH2 may be a potential
predictive and diagnostic biomarker for NAFLD and liver fibrosis in snorers.

As a common clinical manifestation, snoring was a risk factor for various metabolic-related diseases. Studies have
indicated that snoring is linked to both the development and severity of NAFLD, as sleep-disordered breathing causes
chronic intermittent hypoxia, potentially leading to inflammation, lipid deposition, liver injury, and fibrogenesis through
the activation of hypoxia-inducible factors (HIFs), nuclear factor kappa B (NF-«kB), as well as the promotion of
endoplasmic reticulum stress, systemic inflammation, and insulin resistance.”*>® Timely recognition of patients at
elevated risk for NAFLD and hepatic fibrosis is essential to enable early intervention and the effective application of
appropriate management strategies. For high cost, invasiveness and complications of liver biopsy,”’ non-invasive
monitoring techniques are widely used in the diagnosis of NAFLD and liver fibrosis.”® FibroScan was one of the widely
used non-invasive procedures.”’ Owing to limitations in equipment and staffing, a subset of community hospitals is
precluded from conducting this diagnostic procedure. Many scholars have attempted to use a combination of serological
markers and physiological parameters as predictive indicators.>*? Multiple studies have reported that the combination
of TyG with metabolic indicators such as waist circumference and BMI has good sensitivity and specificity for
diagnosing NAFLD, but there are fewer reports on its predictive value for liver fibrosis. In the present study, the
concomitant assessment of CDH2 alongside metabolic parameters and AHI demonstrated robust predictive capabilities
for both NAFLD and liver fibrosis. Consequently, this composite index may be considered a novel biomarker for the
screening of liver injury in snorers.

Our study identifies a promising biomarker combination, its translation to the clinic requires further development. The
combined approach aims to exclude individuals at low risk, preventing unnecessary liver biopsies. Future research should
expand the sample size and conduct multicenter validation to further explore risk assessment scores. The developed score
may serve as a valuable tool for the identification of snoring patients who are at high risk for NAFLD and liver fibrosis.

This study has several limitations. Firstly, the modest sample size of the patient cohort could potentially limit the
statistical power and the generalizability of our findings. An expanded cohort would enhance the robustness of the
results. Secondly, the diagnosis of NAFLD and liver fibrosis relied on liver Fibroscan, a modality that may exhibit
reduced sensitivity in detecting mild hepatic steatosis compared to liver biopsy. Future studies employing more sensitive
diagnostic methods, such as histopathological assessment, could provide a more accurate characterization of liver disease
severity. Future studies could explore the correlation of CDH2 and other panel biomarkers in response to interventions
such as weight loss, continuous positive airway pressure (CPAP) therapy, or pharmacological treatments. This could help
determine whether modulating these biomarkers translates to reduced risk or improved outcomes in NAFLD and liver
fibrosis, potentially paving the way for targeted therapeutic strategies.
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In summary, higher levels of CDH2 may serve as a strong indicator of increased risk for NAFLD and liver fibrosis
among individuals who snore. Furthermore, a combination of CDH2, age, BMI, glucose, AHI and waistline could
provide an effective approach for the early screening and risk assessment of NAFLD and liver fibrosis in this population.
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