1. Preparation of standard solution 

Precisely weigh the bile acid standard and the isotopic internal standard and dissolve them in methanol to get 5mM storage master batch. When used, the bile acid mother liquor was mixed and diluted into 2000, 1000, 400, 100, 25, 10 and 5nM concentration points step by step. The concentration of the internal standard was the same at all concentration points (400nM GCA, TCA, GDCA, CA, DCA and LCA). 

2. Sample pre-treatment 

Before processing the samples, thaw the samples on an ice bath to minimize sample degradation. Add 50 µl of serum sample to 1 ml of 96-well plate and 400 µl of acetonitrile/methanol (v/v=8:2) containing internal standard. 

After centrifugation, 250 µl of supernatant was transferred to 350 µl of microplate and freeze-dried. The dried sample, control sample and powder for the standard curve were added to acetonitrile/methanol (80/20) solution for 40µl and shaken at 650rpm 10°C for 20min, then deionized water for 60µl and shaken at 650rpm 10°C for 20min. The injection volume was 5µl. 

3. Instrument parameters 

The optimized instrument parameters based on UPLC-MS/MS for the quantification of bile acids are shown in the table.

Table UPLC-MS/MS Instrument Parameters

	Ultra High Performance Phase Spectrometry Liquid Chromatography

	Chromatographic columns
	ACQUITY UPLC Cortecs C18 1.6 µM analytical column (2.1×100 mm) ACQUITY UPLC Cortecs C18 1.6 µM VanGuard pre-column (2.1×5 mm)

	Column temperature (℃)
	30

	Sample chamber temperature (℃)
	10

	Mobile phase
	A = 10 mM ammonium acetate containing 0.25% glacial acetic acid; B = acetonitrile: methanol: isopropanol (8:1:1)

	Mobile phase gradient
	0-0.3min (5%B)，0.3-0.5min (5-10%B)，0.5-2min (10-15%B)， 
2-3min (15-30%B)，3-6min (30%B)，6-8min (30-35%B)，8-9min (35-40%B)，9-10min (40%B)，10-15min (40-75%B)，15-15.5min (75-100%B)，15.5-16.2min (100%B)，16.2-16.3min (100-5%B)， 
16.3-17min (5%B)

	Flow Rate（ml/min）
	0.40

	Injection volume（µl）
	5.0

	Mass Spectrometry

	Capillary voltage（kv）
	2.0（ESI-）

	Ion source temperature（℃）
	150

	Desolventizing temperature（℃）
	550

	Desolventizing airflow（L/Hr）
	1000


4. Analytical QC 

Three types of QC samples are used to ensure data quality, i.e., test mixes, stable isotope labeled internal standards, and mixed QC samples, in addition to blank solvent samples to ensure optimal instrument performance. Test mixes contain all the bile acids to be measured and are detected at the beginning and end of the injection sequence to ensure that instrument performance is within QC limits, i.e., retention time deviations of 4 seconds or less and peak intensity deviations of 15% or less for a batch. Internal standards are added to the test samples to monitor bias throughout sample processing and analysis. A mixed QC sample is a small amount of each serum sample to be tested, which is inserted at intervals (approximately every 10 test samples) throughout the injection sequence to objectively evaluate the reproducibility within a large sample batch and also to correct for inter-batch errors. A reagent blank is a solvent mixture used for sample preparation that provides an early warning of system contamination and is also used to remove accumulated matrix effects and to clean the column. 

5. Istrumental testing 

Samples were analyzed in pairs by group, but randomly between pairs, with QC samples, standard curves, and blanks analyzed throughout the sample sequence. Each bile acid raw data derived from UPLC-MS/MS was integrated, standard curve calibrated and quantified using QuanMET software (v1.0, Metabo-Profile, Shanghai, China). 

6. Data analysis 

The Anova test or Kruskal-Walli (s K-W test) test, a unidimensional statistical analysis method, was selected based on the normality and chi-square of the data to obtain the differential metabolites between groups, and the differential metabolite threshold was set as: p<0.05, and the differential metabolite results were visualized and displayed using R language.

