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Detailed Methods
Sample collection
Blood samples were collected from each participant at 11-13 gestational weeks after IVF treatment. Approximately 6 ml of blood was obtained through venipuncture into the evacuated tube. Subsequently, serum was extracted from whole blood following coagulation and centrifugation. These serum samples were stored at -80 °C for future analysis.
Information regarding baseline characteristics and the IVF cycle was retrieved from clinical records pertaining to IVF. Timely telephone follow-up was conducted by skilled nurses to obtain data on obstetrical and perinatal complications. The diagnosis was based on obstetric discharge records and neonatal birth records.
Cytokine profiling
Cytokine profiling was performed using the Bio-Plex Pro Human Cytokine Screening Panel, 48-plex (Bio-Rad, #12007283). The Cytokine Screening Panel is capable of analyzing 48 cytokine and chemokine cell signaling molecules, including interleukin (IL)-1β, IL-1α, IL-1ra, IL-2, IL-2Rα, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p40), IL-12(p70), IL-13, IL-15, IL-16, IL-17, IL-18, interferon-α2 (IFN-α2), interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), tumor necrosis factor-β (TNF-β), granulocyte colony-stimulating factor (G-CSF), macrophage colony-stimulating factor (M-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), leukemia inhibitory factor (LIF), stem cell factor (SCF), vascular endothelial growth factor (VEGF), Eotaxin, macrophage inflammatory protein-1α (MIP-1α), macrophage inflammatory protein-1β (MIP-1β), basic fibroblast growth factor (Basic FGF), monocyte chemotactic protein-1 or monocyte chemoattractant activating factor (MCP-1/MCAF), monocyte chemotactic protein-3 (MCP-3), nerve growth factor-β (β-NGF), regulated upon activation normal T cell expressed and secreted (RANTES), stromal cell derived factor-1α (SDF-1α), platelet-derived growth factor-BB (PDGF-BB), growth related oncogene-α (GRO-α), hepatocyte growth factor (HGF), interferon inducible protein-10 (IP-10), cutaneous T-cell attracting chemokine (CTACK), mifepristone (MIF), gamma-interferon-induced monokine (MIG), stem cell growth factor-β (SCGF-β), and TNF-related apoptosis-inducing ligand (TRAIL).
The high-performance screening panel offers a comprehensive analysis, encompassing a diverse range of cytokines associated with adaptive immunity cytokines, pro-inflammatory cytokines, and anti-inflammatory cytokines, all within a single assay well. In our study, the level of IL-17 was not available for comparison since this factor was undetectable in most serum samples.
Enzyme-linked immunosorbent assay (ELISA)
The serum levels of aPS autoantibodies [aPS immunoglobulin (Ig) G, aPS IgM, and aPS IgA] and a standard curve were quantified using ninety-six-well high-affinity binding microplates (514201, NEST) coated with 60 μL of bovine serum albumin (BSA)-phosphatidylserine conjugate (CPB881Ge11, Cloud-Clone Corp) or purified anti-human IgG Fc antibody (410701, BioLegend) overnight at 4 °C.
 Blocking was achieved using 100 μL of a mixture of 0.5% (w/v) gelatin (G8061, Solarbio) and 0.5% (w/v) BSA (A8020, Solarbio) for 1 h at room temperature, followed by washing three times. Subsequently, duplicate serum samples diluted to a final concentration of 1:200 were added (purified anti-human IgG Fc (0.5 μg/μL) and diluted to 0.488 ng/μL in a half gradient to construct a standard curve) for 2 h at room temperature. The plates were then washed and incubated with specific detection antibodies, respectively (HRP goat anti-human IgA antibody, 411002, BioLegend; biotin anti-human IgM antibody, 314504, BioLegend; biotin anti-human IgG Fc antibody, 410718, BioLegend). The standard antibody for total IgG was derived from human IgG (SP001, Solarbio) diluted in PBS with different concentrations.
For the detection of aPS immune complexes (ICs) [aPS-IgG IC, aPS-IgM IC, and aPS-IgA IC], anti-PS antibody (PAB881Ge01, Cloud-clone Corp. China) were coated and serum samples were added. HRP-conjugated goat anti-human IgA antibody/biotin-conjugated anti-human IgG plus HRP-conjugated streptavidin/biotin-conjugated anti-human IgM plus HRP-conjugated streptavidin/biotin-conjugated anti-mouse IgG were used to detect the aPS-IgA IC, aPS-IgM IC, and aPS-IgG IC, respectively.
A negative control (prepared with coating buffer without antigen) and a positive control (systemic Lupus Erythematosus sera) were used to exclude nonspecific binding and false positive results, respectively. The optical density (OD) values were read at 450 nm by a BioTek Epoch multiwavelength spectrum microplate. The regression equation derived from the standard curve was Y=0.004 x-0.0033, R2=0.9451. The levels of serum candidate biomarkers of GDM were determined by ELISA using a standard curve.
Commercial ELISA kits (Human Leptin Quantikine ELISA Kit, DLP00, R&D; Human Total Adiponectin/Acrp30 Quantikine ELISA, DRP300, R&D; Human FLRG Quantikine ELISA Kit, DFLRG0, R&D; Human GDF-15 Quantikine ELISA Kit, DGD150, R&D) were used to assay the serum levels of previously reported biomarkers of GDM: leptin, adiponectin, FSTL-3, and GDF-15.



Supplemental Tables

Supplementary Table 1. Perinatal outcomes of the participants.
	Characteristics
	Control (n = 39)
	GDM (n =39)
	P Value

	Delivery mode-no. (%)
	
	
	0.324

	Vaginal delivery
	10 (26.3%)
	14 (36.8%)
	

	Cesarean delivery
	28 (73.7%)
	24 (63.2%)
	

	Gestational weeks at delivery-Mean ± SD
	39.19 ± 0.84
	39.26 ± 0.76
	0.729

	Birthweight (g) -Mean ± SD
	3396.30 ± 473.37
	3374.50 ± 448.36
	0.837

	Low birthweight-no. (%)
	1 (2.6%)
	1 (2.6%)
	>0.999

	Macrosomia-no. (%)
	4 (10.5%)
	2 (5.3%)
	0.671

	SGA-no. (%)
	2 (5.3%)
	3 (7.9%)
	>0.999

	LGA-no. (%)
	7 (18.4%)
	7 (18.4%)
	>0.999


Abbreviations: GDM, gestational diabetes mellitus; LGA, large for gestational age; SGA, small for gestational age.







Supplementary Table 2. Previously reported serum biomarker levels in the first-trimester serum of GDM patients and normoglycaemia controls.
	Cytokine (ng/ml)
	Control (n = 38)
	GDM (n =38)
	P Value

	Leptin
	12.47(8.22,22.06)
	10.53(6.13,16.62)
	0.161

	Adiponectin
	7.17(4.89,12.42)
	7.48(4.3,12.89)
	0.983

	GDF-15
	1.97(1.12,4.27)
	3.87(0.94,9.71)
	0.380

	FSTL-3
	11.17±3.99
	10.70±4.23
	0.617


Note: Data are presented as the mean ± standard deviation or median (interquartile range).
Abbreviations: FSTL-3, follistatin-like-3; GDF-15, growth differentiation factor-15; GDM, gestational diabetes mellitus.









Supplementary Table 3. ROC analysis of the predictive/diagnostic value of early pregnancy biomarkers for GDM
	First-trimester Biomarkers
	AUC (95% CI)
	P Value

	Total IgG
	0.855 (0.774-0.936)
	<0.001

	Total IgM
	0.774 (0.663-0.884)
	<0.001

	IL-7
	0.735 (0.612-0.858)
	<0.001

	aPS-IgG IC
	0.721 (0.608-0.835)
	<0.001

	IL-15
	0.718 (0.602-0.834)
	0.001

	IL-1α
	0.715 (0.598-0.833)
	0.001

	IL-10
	0.715 (0.595-0.834)
	0.002

	IL-5
	0.673 (0.550-0.795)
	0.010

	IL-12 (p40)
aPS IgA
	0.670 (0.545-0.794)
0.665 (0.543-0.786)
	0.011
0.014

	IL-3
	0.663 (0.540-0.786)
	0.014

	IL-1β
	0.656 (0.532-0.779)
	0.020

	TNF-α
IL-18
	0.641 (0.516-0.765)
0.632 (0.505-0.758)
	0.035
0.048



Note: Significant difference (P value< 0.05)
Abbreviations: aPS, anti‑phosphatidylserine; AUC, area under the curve; CI, confidence interval; GDM, gestational diabetes mellitus; IC, immune complex; Ig, immunoglobulin; IL-1α, interleukin‑1α; IL-1β interleukin‑1β; IL-3, interleukin‑3; IL-5, interleukin-5; IL-7, interleukin-7;  IL-10, interleukin‑10; IL-12 (p40), interleukin‑12 (p40); IL-15, interleukin-15; IL-18 interleukin‑18; TNF-α, tumor necrosis factor‑α.
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