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Purpose: This study aims to evaluate the efficacy of the Xietu Hemu prescription (XHP) in improving metabolic dysfunction-
associated steatotic liver disease (MASLD) through a Real World Study approach.

Methods: This was a single-center, prospective, real-world cohort study of 262 patients with MASLD who met the inclusion and
exclusion criteria from November 2021 to November 2023 at Jiangsu Provincial Hospital of Traditional Chinese Medicine. The
exposure of this study was who took the XHP. We assessed the efficacy of the XHP on MASLD by comparing FibroScan parameters,
body composition indicators, and liver serological indicators. The XHP was then evaluated for MASLD by inverse probability of
treatment weighting (IPTW) as well as log-binomial analysis.

Results: We ended up collecting the exposure cohort (n=163) and the referent cohort (n=99). Patients were categorized into an
exposure cohort (n=163, XHP + basic treatment) subdivided by treatment duration: 4 weeks (n=28), 8 weeks (n=60), 12 weeks (n=51),
and >16 weeks (n=24), and a referent cohort (n=99, basic treatment alone). The results showed significant improvements in Liver
stiffness measurement (LSM), controlled attenuation parameter (CAP), body mass index (BMI), waist-to-hip ratio (WHR), visceral fat
area (VFA), the fatty liver index (FLI), and FibroScan-AST (FAST) in the exposure cohort after treatment compared to before
treatment. After controlling confounding by IPTW, log-binomial analysis revealed that XHP administration was significantly more
effective for MASLD in the exposure cohort than in the referent cohort (weighted risk ratio=2.99, 95% CI=1.86 to 4.89, p<0.001).
Subgroup analyses revealed a significantly greater efficacy of the XHP in the exposure cohort compared to the MASLD referent
cohort, across various durations and dosages of XHP and varying degrees of hepatic steatosis and fibrosis. No serious adverse events
occurred; occasional mild gastrointestinal reactions were self-limiting.

Conclusion: The results of our study suggest that XHP has a significant treatment effect on MASLD, which hopes to complement the
current lack of treatment for MASLD.
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Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD), formerly known as non-alcoholic fatty liver disease
(NAFLD)," affects the health of 1/3 of the world’s population.” MASLD is defined as the presence of excess triglyceride
storage in the liver in the presence of at least one cardiometabolic risk factor.> MASLD is becoming the fastest-growing
factor in the burden of disease associated with adverse liver outcomes, including cirrhosis, liver failure, and hepatocel-

lular-cancer (HCC).* It has also been shown that there is an association between MASLD and other disease processes,’
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such as cardiovascular disease, peripheral vascular disease, chronic kidney disease, and some cancers, especially those of
the gastrointestinal tract.® Therefore, it is urgent to find more treatments for MASLD.

However, current therapeutic options for MASLD face significant limitations. Lifestyle modifications involving diet
and exercise are the cornerstone of management, yet long-term adherence remains challenging.” While numerous novel
agents are under investigation, there remains an unmet need for effective, well-tolerated, and widely applicable
treatments.® This treatment gap highlights the potential value of complementary approaches such as TCM, which offers
multi-targeted interventions that have been clinically validated.

Traditional Chinese medicine (TCM) has a long history of being commonly used in the treatment of MASLD due to
its multi-target nature and clinical efficacy. The Xietu Hemu prescription (XHP) (national patent ZL 2022 1 0250245.4),
developed at Jiangsu Province Hospital of Chinese Medicine, integrates two classical formulas: Shen Ling Baizhu San
(SLBS) for spleen fortification and dampness resolution, and Chaihu Shugan San (CSS) for liver-soothing and qi-

9,10

regulation. Pharmacological studies of key components, including Codonopsis extract™'® and Nuciferine,'' demonstrate

insulin resistance mitigation and hepatic inflammation reduction. Experimental research confirms SLBS improves lipid

2 while CSS modulates miRNA expression to reduce fatty acid biosynthesis.'* This prescription is

metabolism,
specifically indicated for MASLD patients with TCM-diagnosed “spleen deficiency phlegm-dampness syndrome”.

In recent years, real word study (RWS) has been rapidly emerging worldwide. It has been widely used in the fields of
studying the actual applicable population or syndrome of drugs, evaluating the modern application of ancient classics of
traditional Chinese medicine, and the research and development and evaluation of new drugs and hospital preparations,
courses of treatment, and follow-up outcomes'* To further clarify the effectiveness of XHP on MASLD, our team
conducted an prospective RWS cohort study of patients with MASLD with “spleen deficiencyphlegm-dampness

syndrome” in the last 2 years.

Methods

Study Design and Data Sources

This study was conducted to follow up on the cases of patients who were diagnosed with “MASLD (spleen deficiencyphlegm-
dampness syndrome)” during November 2021 and November 2023 in the endocrine clinic of Jiangsu Province Hospital of
Chinese Medicine, and to collect and organize the data of the patients’ medical records.Ethical review and approval for this
study were obtained from the Jiangsu Province Hospital of Chinese Medicine under approval number 2022NL-122-02.
Additionally, the study was registered with the International Traditional Medicine Clinical Trial Registry
(ITMCTR2024000877). The study followed the recommended guidelines for observational studies using routinely collected
health data (Additional File 1)'° and the Declaration of Helsinki. Patient characteristics, prescription drug use, covariate
information, and outcome data were obtained from outpatient medical records of the Department of Endocrinology, Jiangsu
Province Hospital of Chinese Medicine. Information on hospital admissions and diagnoses are coded by trained personnel
using the International Classification of Diseases, 11th Revision (ICD-11) system code DB92, and diagnoses were simulta-
neously referenced to the multisociety Delphi consensus statement on new fatty liver disease nomenclature;' definition of
Chinese medicine diagnosis by professional Chinese medicine practitioners with senior qualifications.

Patients

The primary cohort consisted of patients aged 18—75 years with a diagnosis of MASLD and a TCM diagnosis of spleen
deficiency phlegm-dampness syndrome. Patients were stratified based on disease severity using FibroScan CAP (steatosis
grade: S0-3) and LSM (fibrosis stage: F0-4).'®'7 The prescription fill date was the patient’s cohort entry date (the index
date); patients could enter the cohort only once. The indicators used are all measurements taken within 7 days before and
after the indicator date. Excluded were (1) those who were using medications associated with secondary MASLD
(corticosteroids, estrogens, amiodarone, methotrexate), etc; (2) those who had a combination of alcoholic fatty liver
disease, viral hepatitis, autoimmune liver disease, or liver tumors that resulted in impaired hepatic function; (3) women
who were pregnant or breastfeeding.
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Transient elastography (FibroScan) with CAP and LSM measurements was selected as the primary diagnostic tool
due to its non-invasive nature, widespread clinical adoption for MASLD quantification, and validated accuracy in
steatosis and fibrosis assessment.'®'® While liver biopsy remains the gold standard, FibroScan offers practical advantages
including repeatability, cost-effectiveness, and avoidance of procedure-related risks, making it suitable for real-world
longitudinal observation.'® Limitations include potential inaccuracy in severe obesity (BMI>35 kg/m?) and operator
dependency, which were mitigated by using standardized protocols performed by trained technicians following manu-
facturer guidelines.

The Xietu Hemu prescription used by the patient was customized from Jiangsu Province Hospital of Chinese
Medicine, with standardized specifications as a concentrated preparation. It is to be taken at a dosage of 10g, 30 minutes
after breakfast and dinner daily (details of the prescription composition is Additional File 2). To ensure the standardized

use of patients, the investigator will follow up with phone calls every 2 weeks.

Groups and Endpoint Event

In this study, XHP administration was used as the exposure factor, and 90 patients were needed for each of the exposure
cohort and referent cohort calculated based on retrospective analysis of the previous clinical data (Additional File 3).
Subgroup analyses by treatment duration were exploratory and not included in the sample size calculation due to
statistical power considerations. The final sample size exceeded the minimum requirement (exposure cohort: n=163;
referent cohort: n=99). All patients received standardized basic treatment including dietary counseling (calorie-restricted
Mediterranean diet) and physical activity recommendations (=150 mins/week moderate exercise). Concomitant medica-
tions for comorbidities were recorded and balanced through IPTW analysis.

This is a RWS with no special restrictions on the patient’s basic treatment, and the impact of errors arising from
different medications and underlying diseases will be reduced by statistical methods to minimize the impact. To
participate in this study, patients must take a stabilized dose of the medication every day and have their metabolic
markers, and body composition tested on a periodic schedule. The following were the medication methods of the
different groups:

(1) Exposure cohort: Patients with MASLD who fulfilled the inclusion and exclusion criteria and used XHP according
to the dosing regimen.
(2) Referent cohort: Patients with MASLD who fulfilled the inclusion and exclusion criteria and did not used XHP.

This study was a RWS, and the diagnostic tool for MASLD in this study was Fibroscan, taking into account the
economic pressure on patients and the preference for noninvasive diagnosis. Transient elastography (Fibroscan, TE) with
liver stiffness measurement (LSM) and controlled attenuation parameter (CAP) has demonstrated good accuracy in

17,20 when

quantifying the levels of liver steatosis and fibrosis in patients with MASLD.'®'® According to the references,
the absolute liver fat was reduced by 4.1%, there was a significant improvement in histologic steatosis and ballooning
degeneration in patients with MASLD. Therefore, this study set an absolute CAP reduction of >4.1% as efficacious,
which was the endpoint event of the cohort study.

Other covariates included: (1) Liver stiffness measurement (LSM); (2) body composition indicators: body mass index
(BMI), waist-to-hip ratio (WHR), visceral fat area (VFA); (3) liver serum biomarkers: Fibrosis 4 Index (FIB-4),%°
NAFLD Fibrosis Score (NFS),?' the FibroScan-AST (FAST) score,”” and the Fatty Liver Index (FLI).” The serum
biochemical indexes were measured by the automatic biochemical analyzer of the Laboratory Department of Jiangsu
Province Hospital of Chinese Medicine. Body composition was determined by InBody 770 under constant conditions
(proper hydration and the same time of day).

Adverse events are also closely monitored during follow-up visits and promptly documented. Gastrointestinal reactions
were systematically evaluated using the Common Terminology Criteria for Adverse Events (CTCAE v5.0), specifically
documenting nausea, epigastric discomfort, and diarrhea. Events were graded and managed according to protocol.
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Statistical Analysis

For the statistical description in this study, continuous variables were reported as means =+ standard deviation for normally
distributed data and as medians (25th—75th percentiles) for data with skewed distribution. The normality of data
distribution was assessed using the Shapiro—Wilk test. Independent and paired t-tests were used to assess between-
and within-group differences in normally distributed data, and Wilcoxon’s rank-sum and paired rank-sum tests were used
to evaluate between- and within-group differences in non-normally distributed data. Then Directed Acyclic Graph (DAG)
model,”* Change-in-Effects method CIE (Change-in-Estimate)®> were used to find confounding factors and analyzed
using inverse probability treatment weighting (IPTW)?° to control for confounding, while a log-binomial regression
analysis was later performed to explore the relationship between XHP effective on MASLD. Data were analyzed
statistically by applying SPSS 25.0 and R4.3.2. P<0.05 was considered statistically significant.

Results

Patient Characteristics
Between November 2021 and November 2023, 632 patients visited the Department of Endocrinology of Jiangsu
Province Hospital of Chinese Medicine, and that these patients met the MASLD and TCM diagnoses. The final analyses
included a total of 262 patients who fulfilled all the study inclusion and exclusion criteria. Among these, 163 and 99
patients were included in the exposure cohort (XHP-+tbasic treatment) and referent cohort (basic treatment alone),
respectively. Furthermore, the exposure cohort collected 28, 60, 51, and 24 patients based on the duration of XHP
administration (4 weeks, 8 weeks, 12 weeks, and more than 16 weeks) (Figure 1).

According to the results of baseline analysis, clinical characteristics and metabolic profiles, concomitant therapy, and
TCM syndrome score were analyzed at baseline (Table 1; Additional File 4). The results showed that in “whether

9 G

combined hypertension”, “whether combined Hashimoto’s thyroiditis”, “whether using SGLT-2i”, “whether Euthyrox”,
there was a difference between the two cohorts (p<0.05), and the rest of the exposure cohort and referent cohort were not
significantly different.

2021.11-2023.11 Collection of patients
with MASLD consistent with TCM diagnosis

(n=632)

Patients excluded from the study (n=370):
1. Patients' first visit recorded with
incomplete information and unable to
complete it (n=73)
2. Patients loss to follow up(n=204)
3. Patients refused to have next
FibroScan (n=93)

v

Patients included in the study
(n=262)

e \
Referent cohort Exposure cohort
(n=99) (n=163)
F. 9
r N\

4 weeks of 8 weeks of 12 weeks of >16 weeks of
continuous use continuous use continuous use continuous use
of XHP of XHP of XHP of XHP
(n=28) (n=60) (n=51) (n=24)

Figure | Flowchart of the selection process of the study population.
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Table | Baseline Demographic and Clinical Characteristics of Exposure Cohort vs Referent Cohort

Characteristic All Patients (n=262) | Referent Cohort (n=99) | Exposure Cohort (n=163) | p-value
Sex, n (%) 0.266
Male 134(51.15) 55(55.56) 79(48.47)
Female 128(48.85) 44(44.44) 84(51.53)
Age, yr 40.97£13.12 41.83x13.61 40.43+12.52 0.166
Hypertension <0.001
Yes 42(16.03) 27(27.27) 15(9.20)
No 220(83.97) 72(72.73) 148(90.80)
Cl 0.301
Yes 5(1.91) 3(3.03) 2(1.23)
No 257(98.09) 96(96.97) 161(98.77)
CHD 0.721
Yes 2(0.76) 1(1.01) 1(0.61)
No 260(99.24) 98(98.99) 162(99.39)
DM 0.305
Yes 143(54.58) 57(57.58) 86(52.76)
No 119(45.42) 42(42.42) 77(47.24)
Hashimoto Thyroiditis 0.026
Yes 53(20.23) 13(13.13) 40(24.54)
No 209(79.77) 86 (86.87) 123(75.46)
Concomitant therapy
GLP-IRA 0.098
Yes 82(31.30) 37(37.37) 45(27.61)
No 180(68.70) 62(62.63) 118(72.39)
SGLT-2i 0.034
Yes 49(18.70) 25(25.25) 24(14.72)
No 213(81.30) 74(74.75) 139(85.28)
TZD 0.063
Yes 7(2.67) 5(5.05) 2(1.23)
No 255(97.33) 94(94.95) 161(98.77)
Metformin 0914
Yes 81(30.92) 31(31.31) 50(30.67)
No 181(69.08) 68(68.69) 113(69.33)
Insulin 0.099
Yes 20(7.63) FI(ELLT) 9(5.52)
No 242(92.37) 88(88.89) 154(94.48)
Euthyrox 0.005
Yes 21(8.02) 2(2.02) 19(11.66)
No 241(91.98) 97(97.98) 144(88.34)
CAP (dB/m) 305.41+36.59 296.87+32.25 311.54+38.14 0.072
LSM (kPa) 6.00(4.70,7.58) 5.50(4.28,7.20) 6.50(4.80,8.20) 0.318
Height (cm) 167.19+9.04 168.26+9.67 166.48+8.48 0.220
BMI (kg/im2) 28.40(25.43,32.30) 27.35(24.38,32.58) 28.50(26.10,32.30) 0.731
WHR 0.94(0.90,0.98) 0.92(0.90,0.98) 0.95(0.91,0.98) 0.953
VFA (cm2) 125.35(94.50,163.13) 114.80(91.13,159.48) 128.50(101.10,163.20) 0.903
Waistline (cm) 94.62(89.37,107.12) 91.47(86.57,106.65) 95.29(90.83,106.53) 0.968
AST (U/L) 22.00(17.00,32.00) 22.00(16.00,31.50) 22.00(18.00,33.00) 0.699
ALT (U/L) 31.00(21.50,52.00) 31.00(18.50,52.50) 31.00(24.00,52.00) 0.783
ALP (U/L) 85.00(70.00,101.75) 81.00(66.00,96.00) 88.00(72.00,105.00) 0.325
GGT (U/L) 37.00(24.25,64.75) 30.00(21.50,50.50) 43.00(25.00,71.00) 0.177
TG (mmol/L) 1.60(1.10,2.65) 1.53(1.22,2.64) 1.68(1.07,2.73) 0461
TC (mmol/L) 4.95(4.30,5.55) 4.99(4.35,5.38) 4.86(4.22,5.64) 0.111
(Continued)
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Table | (Continued).

Characteristic All Patients (n=262) | Referent Cohort (n=99) | Exposure Cohort (n=163) | p-value
HDL (mmol/L) 1.2340.26 1.2740.22 1.21£0.29 0.112
LDL (mmol/L) 2.84(2.39,3.39) 2.91(2.40,3.25) 2.82(2.38,3.46) 0.768
HbAIc% 6.50(5.80,7.40) 6.50(5.95,8.10) 6.50(5.70,7.20) 0.191
FPG (mmol/L) 6.23(5.35,7.91) 6.22(5.23,7.95) 6.23(5.40,7.92) 0.714
HOMA-IS 0.32(0.22,0.52) 0.34(0.23,0.53) 0.31(0.21,0.48) 0.422
NFS —30.00(—32.00,-28.00) —30.00(—32.00,-28.00) —30.00(—32.00,-29.00) 0.205
FIB-4 0.68(0.47,1.02) 0.66(0.47,1.11) 0.69(0.47,1.02) 0.373
FLI 67.00(37.25,90.00) 64.50(27.00,90.00) 73.00(45.00,89.00) 0.462
FAST —1.89(—2.68,-0.54) —1.95(—2.80,-0.98) —1.65(—2.57,-0.21) 0.570
TCM syndrome scores 11.00(9.00, 14.00) 12.00(9.00, 14.00) 11.00(9.00,15.00) 0.460

Abbreviations: Cl, cerebral infarction; CHD, coronary heart disease; DM, Diabetes mellitus; BMI, body mass index; WHR, waist-to-hip ratio;VFA,
Visceral fat area; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; GGT, Gamma glutamyl transpeptidase;
HbAlc, hemoglobin Alc; FIB-4, Fibrosis 4 Score; FLI, Fatty Liver Index; FAST, FibroScan-AST; NFS, NAFLD Fibrosis Score; FPG, Fasting plasma
glucose; HOMA, Homeostasis model assessment; GLP-1RA, Glucagonlike peptide-| receptor agonist; TZD, Thiazolidinedione; SGLT-2i, Sodium-
glucose cotransporters-2 inhibitors.

Clinical Outcomes

Comparing the Efficacy of the Exposure Cohort and Referent Cohort

To better evaluate the therapeutic efficacy of XHP in patients with MASLD, we compared FibroScan, body composition,
and serum biomarkers in the two cohorts of patients. For comparison of FibroScan parameters, the CAP pre-treatment
compared to post-treatment for the exposure cohort (305.56+£36.01 vs 286.24+36.63, p<0.001) (Figure 2A), and LSM
before and after treatment [6.50 (4.80, 8.20) vs 5.40 (4.30, 7.10), p<0.001] (Figure 2B), all had significant efficacy. While
there was no statistically significant difference between before and after referent cohort treatment. In addition, in the
exposure cohort BMI before versus after treatment [27.30 (24.90, 29.90) vs 25.90 (24.00, 30.30), p<0.001] (Figure 2C),
WHR before and after treatment (0.94+0.06 vs 0.93£0.06, p<0.001) (Figure 2D), and VFA before and after treatment
[115.60 (89.70, 156.80) vs 100.00 (73.80, 125.20), p<0.001] (Figure 2E), with significant efficacy. Referent cohort’s BMI
before and after treatment [26.60 (24.00, 31.95) vs 26.40 (23.70, 32.40), p=0.044] (Figure 2C), and the results were
statistically significant, whereas the referent cohort’s other before and after treatments were not statistically significant
compared to each other.

In terms of MASLD diagnostic serum biomarkers, comparing before and after treatment (Figure 2F-I), the efficacy of FLI
(66.20+14.84 vs 56.08+17.77, p<0.001), and FAST (0.48+2.39 vs —2.474+1.44, p<0.001) in the exposure cohort was compared
before and after treatment. The efficacy was statistically significant when comparing FAST (—1.79+1.54 vs —2.26+1.52, p=0.019)
in the referent cohort before and after treatment. NFS in the exposure cohort [-30 (—31.00, —28.00) vs —29.00 (—29.00, —28.00),
p=0.001], and NFS in the referent cohort [- 31.00 (=32.50, —27.00) vs —29.00 (-31.00, —27.00), p=0.000], all showing a marked
downward trend. Another aspect, FIB-4 in the exposure cohort, and FIB-4 and FLI in the referent cohort, were not statistically
significant in the pre-treatment and post-treatment comparisons.

We further compared the FibroScan, body composition, and serum biomarkers between different XHP treatment
duration cohorts and the referent cohort (Additional File 5). Within-group comparisons before and after treatment: In the
referent cohort, both FAST and BMI decreased significantly after treatment compared to before treatment (P < 0.05),
while NFS increased significantly (P < 0.05). In the cohort with 4 weeks of continuous XHP use, CAP, BMI, and VFA
decreased significantly after treatment compared to before treatment (P < 0.05). In the cohort with 8 weeks of continuous
XHP use, CAP, LSM, BMI, FIL, WHR, VFA, FLI, and FAST decreased significantly after treatment compared to before
treatment (P < 0.05), while NFS increased significantly (P < 0.05). In the cohort with 12 weeks of continuous XHP use,
CAP, LSM, BMI, WHR, and VFA decreased significantly after treatment compared to before treatment (P < 0.05). In the
cohort with >16 weeks of continuous XHP use, CAP, LSM, BMI, VFA, and FAST decreased significantly after treatment
compared to before treatment (P < 0.05), with no other significant differences observed. Between-group comparisons of
treatment effects: Compared with the referent cohort, the cohort with 8 weeks of continuous XHP use showed significant
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Figure 2 Comparisons of body composition and serum biomarkers in the patient exposure cohort (MASLD who used XHP) with those in the referent cohort before and
after treatment are shown. (A) Controlled attenuation parameter (CAP) values; (B) Liver stiffness measurement (LSM); (C) Body mass index (BMI); (D) Waist-to-Hip ratio
(WHR); (E) visceral fat area (VFA); (F) NAFLD Fibrosis Score (NFS); (G) Fibrosis 4 Score (FIB-4); (H) Fatty Liver Index (FLI); (I) FibroScan + AST (FAST). Data presented as
mean + SD or median (IQR). *p<0.05, **p<0.01, ***p<0.001.

Abbreviations: XHP, Xietu Hemu prescription; MASLD, Metabolic dysfunction-associated steatotic liver disease.

decreases in CAP (291.34 + 36.50 vs 287.50 + 35.36, P = 0.041), WHR (0.94 £ 0.06 vs 0.92 + 0.04, P < 0.05), VFA
[109.70(80.50,151.90) vs 97.90(73.60,126.90), P = 0.012], and FIL [(60.00(28.00,87.00) vs 43.50(29.00,73.75), P =
0.011] after treatment compared to before treatment. The cohort with 12 weeks of continuous XHP use showed
a significant decrease in BMI [26.80(24.80,32.70) vs 30.30(26.40,33.40), P = 0.012] after treatment compared to before
treatment, with statistically significant results.

Analyzing the Effectiveness of XHP on MASLD Using IPTW

Based on the baseline analysis, the covariates found by combining the DAG analysis (Additional File 6) and the Change-
in-Estimate CIE (Additional File 7): “Hypertension”, “CHD”, “Hashimoto Thyroiditis”, “INS”, “SGLT-2i", “Euthyrox”,
“HOMA-IS” and “NFS” were included in the propensity matching and analyzed using inverse probability of treatment
weighting (Table 2). Before weighting, all P values for “Hypertension”, “Hashimoto Thyroiditis”, “SGLT-2i” and
P values for “Euthyrox” were less than 0.05. After weighting, the two groups were balanced in these variables.

Using an absolute value of CAP reduction of up to 4.1% as the endpoint event, whether performed before or after
IPTW analysis, log-binomial regression analysis [risk ratio (RR)=2.38, 95% confidence interval (CI)=1.43 to 4.01
p<0.001]; weighted RR==2.99, 95% CI=1.86 to 4.89, p<0.001), which showed that the addition of XHP was effective
in improving MASLD compared with basal treatment alone.
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Table 2 Baseline Demographic and Clinical Characteristics Before and After Performing IPTW Analysis, and the Relationship
Between Use of XTP and Improvement in MASLD

Before IPTW (n=262) After IPTW (n=409.9)*
Characteristics Referent Cohort | Exposure Cohort | p-value | Referent Cohort | Exposure Cohort | p-value
n 99 163 95.3 314.6
Hypertension (%) 27(27.27) 15(9.20) <0.001 15.90(16.70) 11.10(3.50) 0.060
CHD (%) 1(1.01) 1(0.61) 0.721 0.60(0.60) 1.00(0.30) 0.656
Hashimoto Thyroiditis (%) 13(13.13) 40(24.54) 0.026 19.10(20.10) 139.40(44.30) 0.070
INS (%) 31(31.31) 50(30.67) 0914 26.80(28.10) 94.90(30.20) 0.796
SGLT-2i (%) 25(25.25) 24(14.72) 0.034 17.00(17.90) 35.10(11.20) 0.215
Euthyrox (%) 2(2.02) 19(11.66) 0.005 5.00(5.20) 21.80(8.20) 0.510
HOMA-IS 0.34(0.23,0.53) 0.31(0.21,0.48) 0.422 0.42+0.26 0.34+0.19 0.060
NFS 0.34(0.23,0.53) 0.31(0.21,0.48) 0.422 —29.90+3.48 —33.80+7.01 0.051
RR (95% Cl) 2.38(1.43,4.01) 2.99(1.86,4.89)
P value <0.001 <0.001

Notes: *Values represent weighted counts after IPTW adjustment. Non-integer values arise from propensity score weighting.
Abbreviations: CHD, coronary heart disease; SGLT-2i, Sodium-glucose cotransporters-2 inhibitors; NFS, NAFLD Fibrosis Score; HOMA, Homeostasis model
assessment; RR, risk ratio.

Subgroup and Sensitivity Analyses

When the outcome was defined as an absolute CAP reduction of >4.1% (Figure 3). (1) The results of the subgroup analyses
according to the different dosing durations are shown in Figure 3A, and the weighted efficacy rates of MASLD (4 weeks
weighted RR=2.77, 95% CI=1.33 to 5.88, p=0.007; 8 weeks weighted RR=2.90, 95% CI=1.58 to 5.38, p=0.001; 12 weeks
weighted RR=3.82, 95% CI=1.08 to 7.17, p=0.001; >16 weeks weighted RR=3.38, 95% CI=1.46 to 8.11, p=0.005) were
statistically significant. (2) The results of the subgroup analyses according to the different degrees of steatosis and fibrosis in
MASLD are shown in Figure 3B, with statistically significant weighted efficacy rates for steatosis S1<S<S2 (weighted
RR=1.11, 95% CI=0.33 to 4.04, p=0.022), S>S3 (weighted RR=4.81, 95% CI=3.42 to 6.83], p=0.000), and fibrosis (F<F2
weighted RR=3.34, 95% CI=1.94 to 5.89, p=0.000; F2<F<F3 weighted RR=17.36, 95% CI=7.67 to 36.47, p=0.001; F>F3
weighted RR=9.25, 95% CI=1.82 to 70.49, p=0.013). However, the weighted effectiveness rate for steatosis S2<S<S3
(weighted RR=1.62, 95% CI=0.73 to 3.89, p=0.134) was not statistically significant.

Adverse Events

There were no obvious abnormalities in the blood routine, renal function, or vital signs of the patients included in this
study that were tested before and after the administration of the drug. Occasionally, gastrointestinal reactions occurred
during treatment, but the symptoms were mild and could be self-healed within a short period, and no significant adverse
events occurred. Patients with hypertension, coronary heart disease, cerebral infarction, diabetes mellitus, and
Hashimoto’s thyroiditis had stable conditions, and there was no significant progression of the disease during treatment.

Discussion

This study found that the exposure cohort (with XHP) was significantly more effective than the referent cohort (without
XHP) for MASLD treatment. In the absence of statistically significant differences in baseline data, we compared CAP,
LSM, body composition, and serum biomarkers before and after treatment in the two cohorts. Results showed significant
improvements in hepatic steatosis, liver fibrosis and metabolic markers in MASLD patients after treatment in the
exposure cohort. Additionally, we analyzed different XTP treatment duration cohorts and found that 8 weeks of
continuous XTP use showed more significant effects on FibroScan, body composition, and serum biomarkers, while
12 weeks of continuous XTP use demonstrated significant effects on FibroScan and body composition. After performing
IPTW analysis, we found significant improvement in MASLD in the exposure cohort compared to the referent cohort in
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No. of referent

No. of exposure

subgroup cohort (%) cohort (%) Weighted RR (95% Cl) p.value
total 99 163 : — 2.99(1.86,4.89) 0.000
4 weeks of XHP 14/28(50.00) 14/28(50.00) —l—> 2.77(1.33,5.88) 0.007
8 weeks of XHP  23/60(38.33) 37/60(61.67) —il—> 2.90(1.58,5.38) 0.001
12 weeks of XHP  22/51(43.14) 29/51(56.86) —I 3.82(1.08,7.17) 0.001
216 weeks of XHP 11/24(45.33) 13/24(54.67) —lF 3.38(1.46,8.11) 0.005

B

No. of referent

No. of exposure

T T
1234

subgroup cohort (%) cohort (%) Weighted RR (95% Cl) p.value
total 99 163 — = 2.99(1.86,4.89) 0.000
steatosis 3
S1<S<S2  6/22(27.27) 8/29(27.59) ————— 1.11(0.33,4.04) 0.022
S2<5<S3  10/28(35.71)  19/40(47.50) = 1.62(0.73,3.89) 0.134
$283 20/49(68.97)  67/94(71.28) | — 4.81(3.42,6.83) 0.000
fibrosis
F<F2 27/78(34.62)  T1/124(57.26) | —M> 3.34(1.94,5.89) 0.000
F2<F<F3 5/11(45.45) 13/24(54.17) | 17.36(7.67,36.47) 0.001
F>F3 4/10(40.00) 10/11(90.91) . ——— 9.25(1.82,70.49) 0.013
5

1.2 3 4

Figure 3 Stratified analysis of XHP efficacy by treatment duration and disease severity. (A) Forest plot of improvement in patients with MASLD using different durations of XTP;
(B) Forest plot for subgroup analysis of liver with different degrees of steatosis and fibrosis. Weighted risk ratios (RR) with 95% ClI calculated via inverse probability treatment
weighting (IPTW). Statistical significance defined as p<0.05. A study from Prof. Jiangao Fan’s team on a Chinese population®’ showed that: CAP<244dB/m, S<SI; 244dB/
m<CAP<269dB/m, SI<5<52; 269dB/m<CAP<269dB/m, S2<5<S3; 296dB/m < CAP, $253. LSM = 5.5kPa, F>F|; LSM27.85kPa, FF2,; LSM>10kPa, F2F3; LSM212.7kPa, F>F4.

subgroups with different dosing durations and different degrees of hepatic steatosis and fibrosis. In addition, no
significant adverse effects were observed in this real-world study.

Contemporary Chinese medicine scholars*® mostly consider Phlegm unturbidity obstructing the middle jiao as a key
factor in the development of MASLD disease. The previous treatment of MASLD with SLBS as the main efficacy to
support the spleen and resolve dampness has been supported by the results of modern pharmacological studies. SLBS
administration can effectively improve lipid metabolism in high-fat diet rats by regulating glycerophospholipid and
glycerolipid metabolism.'? The beneficial effects of this prescription on hepatic lipid metabolism may be attributed, at
least in part, to Sirtuin-1 (SIRT1) activation in the liver, which attenuates MASLD by suppressing hepatic
inflammation.”” And another classic formula related to XHP, CSS, has the primary effect of soothing the liver and
relieving depression. It has also been shown to significantly reduce hepatic lipid accumulation in high-fat diet-induced
MASLD model rats by a mechanism that may be through the action of 15 MicroRNAs (miRNAs) including miR-34a-5p,
miR-146a-5p, miR-20b-5p, and miR-142-3p, to reduce the gene and protein expression levels, thereby reducing fatty acid
biosynthesis and thus treating MASLD."® Furthermore, the anti-inflammatory effect of CSS in attenuating inflammation
in MASLD is mediated, at least in part, by inhibition of the tumor necrosis factor-o/tumor necrosis factor receptor-1
(TNFo/TNFR1) signaling pathway.>’ The Department of Endocrinology of Jiangsu Province Hospital of Chinese
Medicine, in its long-term clinical practice, combined two classic recipe ideas, which were constantly adjusted by
various TCM clinicians, and finally formulated the XHP. Despite the popularity of XHP in long-term clinical practice,
there is still a lack of scientific research to demonstrate specific efficacy. Our team decided to study XHP in both clinical
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research and basic pharmacology, and this study answers the question of how clinically effective XHP is in the real
world. Despite its popularity in clinical practice, XHP has remained relatively underexplored in rigorous scientific
research until now. Our study directly addresses this gap by providing the first real-world evidence of XHP’s efficacy
across multiple MASLD severity stages. Future research should prioritize: (1) Large-scale RCTs comparing XHP with
first-line pharmacotherapies (eg, pioglitazone); (2) Mechanistic studies identifying active compounds and molecular
targets; (3) Long-term outcomes tracking fibrosis progression.

A meta-analysis reported'® that Controlled Attenuation Parameters (CAP) and Liver Stiffness Measurements (LSM)
performed with the Fibroscan device demonstrated high accuracy in quantifying steatosis and fibrosis in patients with
MASLD. Recent studies have demonstrated the diagnostic and prognostic value of many serum biomarkers for
steatosis.>’ The Fibrosis 4 Index (FIB-4), and NAFLD Fibrosis Score (NFS) have been shown to be effective in the
diagnosis of clinically significant fibrosis.”>*' FIB-4 and NFS have high diagnostic accuracy for advanced fibrosis (F3 or
higher) but lower sensitivity and specificity in the early fibrosis stage (F0-F2), resulting in early disease that may be
underestimated or with uncertain results.>* The FibroScan-AST (FAST)* score, as a serologic predictor of high-risk
Metabolic dysfunction-associated steatohepatitis (MASH), and the Fatty Liver Index (FLI), which assesses the degree of
hepatic steatosis, have all been used as secondary outcome indicators inclusion. Studies have found that weight loss of
more than 5 to 7% can reduce liver fat content and steatohepatitis, and weight loss of more than 10% can alleviate liver
fibrosis.?® Therefore, improvements in body fat indicators such as BMI, WHR, and VFA can all prevent the emergence of
comorbidities in patients with MASLD at an earlier stage and avoid further deterioration of MASLD disease. In balanced
and comparable baseline data, our study found that XHP significantly improved CAP, LSM, BMI, WHR, VFA, FIL, and
FAST in patients with MASLD. The NFS and FIB-4 results were not as favorable. It may be because similar blood
measures such as FIB-4 have limitations in terms of sensitivity and positive predictive value, which makes them less
reliable in identifying advanced fibrosis.>* And most of the MASLD patients included in this study had not yet reached
the severe stage of fibrosis, which may be a possibility that led to the lack of meaningful results for several fibrosis
serologic indices. In addition, our analysis of different XTP treatment duration cohorts revealed that 8 weeks of
continuous use showed the most significant efficacy for MASLD. This finding will guide our upcoming large-scale
multicenter cohort study and the design of randomized controlled trials.

In order to exclude the inevitable confounders of real-world situations, we used IPTW and validated its sensitivity
using subgroup analyses. Log-binomial regression analysis showed that the efficacy of XHP was improved in MASLD
patients with different duration of administration and different degrees of hepatic steatosis and fibrosis, with CAP
decreased by more than 4.1% as the endpoint event. However, considering that this study was the first clinical study of
XHP and that not many patients with cirrhosis and severe MASH above grade F3 were included, the efficacy of XHP in
patients with severe MASLD still needs to be verified in more subsequent trials. This result suggests a wide range of
effectiveness in the treatment of MASLD with XHP. The efficacy in patients with MASLD of different disease duration
and different degrees of hepatic steatosis and fibrosis facilitates follow-up and translational studies of XHP.

The novelty of these findings lies in several key aspects: First, this is the first real-world evidence demonstrating that
a TCM formula can achieve significant improvement in both hepatic steatosis (CAP reduction) and fibrosis (LSM reduction)
within 8 weeks. Compared to conventional therapies like pioglitazone which typically require 24 weeks for similar effects,**
XHP offers a faster therapeutic response. Second, our subgroup analyses revealed that XHP maintains efficacy across all
fibrosis stages, including advanced fibrosis (F>3) where current pharmacotherapy options are extremely limited.’> The
weighted RR of 9.25 for this subgroup suggests XHP may fill a critical therapeutic gap. Third, the unique multi-pathway
mechanism of XHP, differs fundamentally from single-target Western medications. This explains its simultaneous improve-
ments in both liver parameters (CAP/LSM) and metabolic indices (BMI/VFA). Recent evidence supports the antifibrotic
potential of XHP: a study>® suggests that Paconia lactiflora Pall. (present in XHP), a major component of XHP, may be able to
counteract hepatic fibrosis by modulating the TGF-f/Smad signaling pathway and the TGF-B/PI3K-AKT signaling pathway.
This mechanistic insight complements our clinical finding of a significant reduction in LSM.

The pathophysiology of MASLD is complex, and clinical treatments for the disease are lacking despite a solid
biological basis.” This study shares our team’s longstanding protocols for the effective treatment of MASLD in clinical
practice and hopes to complement the current lack of treatment for MASLD. Traditional Chinese medicine is now
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gradually converging with contemporary medicine, and the emergence of more and more specialized formulas for
specific diseases is believed to complement the treatment of various clinical diseases through a number of columns of
research. Of course there are some shortcomings in this study. First, despite our sample size calculations, the sample size
included in this study is still considered small in RWS and lacks consideration of a wider range of outcomes. Second, our
setting of endpoint events focused on the reduction of hepatic steatosis, and we look forward to completing future studies
targeting XHP for the treatment of hepatic fibrosis. In the future, we will conduct a further prospective, randomized,
double-blind study on XHP to verify the results. Third, while our duration-stratified analysis provides novel insights,
future studies should directly compare XHP with active comparators like pioglitazone. Additionally, the interaction
between disease duration and treatment response warrants prospective validation.

Conclusion

In summary, this is the first RWS to evaluated the efficacy and safety of XHP for the treatment of MASLD. And the
results of the study present that XHP has good treatment effect on MASLD. This study is a good attempt at real-world
research on TCM in the field of MASLD. Future research should prioritize multicenter RCTs to confirm these findings,
evaluate XHP in severe MASLD patients, and explore its underlying mechanisms.
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