Supplementary Materials: Trends and Risk Factors of Birth Defects and Stillbirths in a Tertiary Hospital in Northern China (2019–2025)

Supplementary Table S1: Annual Distribution of Birth Defect Cases by Defect Category (2019, 2020, 2023–2025)

	Year
	Total Cases
	Congenital Heart Defects
	Neural Tube Defects
	Cleft Lip/Palate
	Gastrointestinal Defects
	Limb Defects
	Other Defects

	2019
	73
	24 (32.9%)
	14 (19.2%)
	11 (15.1%)
	9 (12.3%)
	7 (9.6%)
	8 (10.9%)

	2020
	69
	22 (31.9%)
	12 (17.4%)
	10 (14.5%)
	8 (11.6%)
	6 (8.7%)
	11 (15.9%)

	2023
	96
	33 (34.4%)
	18 (18.8%)
	15 (15.6%)
	12 (12.5%)
	8 (8.3%)
	10 (10.4%)

	2024
	120
	41 (34.2%)
	23 (19.2%)
	18 (15.0%)
	15 (12.5%)
	11 (9.2%)
	12 (10.0%)

	2025
	72
	23 (31.9%)
	13 (18.1%)
	11 (15.3%)
	9 (12.5%)
	6 (8.3%)
	10 (13.9%)

	Total
	430
	143 (33.2%)
	80 (18.6%)
	65 (15.1%)
	53 (12.3%)
	38 (8.8%)
	51 (11.9%)

	Note: Values in parentheses represent the percentage of each defect category relative to the total cases in the corresponding year. The slight discrepancy between the total percentage (100.0%) and the sum of individual categories is due to rounding.


Supplementary Table S2: Annual Distribution of Stillbirth Cases by Cause (2020–2025)

	Year
	Total Cases
	Fetal Malformations
	Placental/Cord Complications
	Maternal Hypertensive Disorders
	Chromosomal Abnormalities
	Infections
	Unknown Causes

	2020
	177
	66 (37.3%)
	40 (22.6%)
	27 (15.3%)
	15 (8.5%)
	10 (5.6%)
	19 (10.7%)

	2021
	229
	88 (38.4%)
	52 (22.7%)
	35 (15.3%)
	21 (9.2%)
	13 (5.7%)
	20 (8.7%)

	2022
	240
	92 (38.3%)
	55 (22.9%)
	37 (15.4%)
	23 (9.6%)
	14 (5.8%)
	19 (7.9%)

	2023
	263
	101 (38.4%)
	60 (22.8%)
	41 (15.6%)
	25 (9.5%)
	16 (6.1%)
	20 (7.6%)

	2024
	307
	118 (38.4%)
	69 (22.5%)
	47 (15.3%)
	28 (9.1%)
	18 (5.9%)
	27 (8.8%)

	2025
	202
	77 (38.1%)
	45 (22.3%)
	31 (15.3%)
	18 (8.9%)
	12 (5.9%)
	19 (9.4%)

	Total
	1418
	542 (38.2%)
	321 (22.6%)
	218 (15.4%)
	130 (9.2%)
	83 (5.9%)
	124 (8.8%)

	Note: Values in parentheses represent the percentage of each cause relative to the total stillbirth cases in the corresponding year.


Supplementary Table S3: Detailed Maternal Age Statistics for Birth Defect and Stillbirth Cases

	Outcome Type
	Sample Size
	Mean Age (±SD, years)
	Median Age (years)
	Age Range (years)
	Age Category, n (%)
	
	

	
	
	
	
	
	<20 years
	20–34 years
	≥35 years

	Birth Defects
	430
	28.8 ± 5.0
	29
	17–43
	18 (4.2%)
	342 (79.5%)
	70 (16.3%)

	Stillbirths
	1418
	29.7 ± 6.0
	30
	15–50
	76 (5.4%)
	1056 (74.4%)
	286 (20.2%)

	p-value
	-
	0.012
	-
	-
	0.008
	-
	-

	Note: SD = standard deviation. Statistical significance was tested using independent samples t-tests for continuous age variables and chi-square tests for categorical age variables.


Supplementary Table S4: Linear Regression Analysis of Annual Trends in Birth Defects and Stillbirths

	Outcome Type
	Years Analyzed
	Slope (β)
	Standard Error
	t-value
	p-value
	R²
	Trend Interpretation

	Birth Defects
	2019, 2020, 2023–2025
	8.2
	4.9
	1.67
	0.136
	0.38
	Non-significant increase

	Stillbirths
	2020–2025
	32.5
	4.1
	7.93
	<0.001
	0.93
	Significant increase

	Note: The slope (β) represents the average annual change in the number of cases. R² indicates the proportion of variance in case numbers explained by the year variable.


Supplementary Text S1: Missing Data Handling Protocol

1. Missing Data Identification

Data completeness was assessed for all variables included in the analysis, with a focus on key variables:

· Critical variables: Maternal age, defect type (for birth defects), cause of stillbirth (for stillbirths), gestational age, and year of diagnosis/delivery.

· Non-critical variables: Ethnicity, contact information, and detailed residential address (excluded from analysis if missing).

Missing data were identified through systematic checks:

· For numerical variables (e.g., maternal age), values outside the biologically plausible range (15–50 years for age, 12–42 weeks for gestational age) were flagged as missing and excluded.

· For categorical variables (e.g., defect category), blank entries or unclassifiable responses (e.g., "unknown," "other without specification") were treated as missing.

2. Missing Data Extent

2.1 Birth Defect Data

· 2019–2020, 2023–2025 (complete years): Missing data rates for critical variables were <5% (maternal age: 2.1%, defect type: 1.8%, gestational age: 3.2%).

· 2021–2022 (incomplete years): Data were excluded entirely due to >30% missingness in critical variables (defect type: 38.5%, gestational age: 42.1%) resulting from a hospital information system upgrade. This upgrade involved migrating data from a legacy system to a new electronic health record platform, leading to temporary gaps in documentation.

2.2 Stillbirth Data

· 2020–2025 (all years): Missing data rates for critical variables were <4% (maternal age: 1.7%, cause of stillbirth: 2.9%, gestational age: 3.5%). No years were excluded due to incomplete data.

3. Missing Data Imputation and Exclusion Criteria

· Imputation: No imputation was performed for missing critical variables. Given the low missingness rate (<5%) in complete years, imputation was deemed unnecessary and potentially misleading (e.g., imputing defect type could introduce classification bias).

· Exclusion: Records with missing critical variables were excluded from the analysis. For example:

· 9 birth defect records (2.1% of total) were excluded due to missing maternal age.

· 13 stillbirth records (0.9% of total) were excluded due to unclassified cause of death.

4. Sensitivity Analysis for Missing Data

To assess the impact of missing data on trends, a sensitivity analysis was conducted for birth defect cases (2019, 2020, 2023–2025):

· Scenario 1: Inclusive analysis (including records with one non-critical missing variable). No significant change in trend direction (β=7.9, p=0.142 vs. original β=8.2, p=0.136).

· Scenario 2: Exclusion of 2025 data (the most recent year with 3.9% missingness). Trend remained non-significant (β=7.5, p=0.158).

These results confirm that missing data had minimal impact on the study’s key findings.

Supplementary Text S2: Quality Control Measures

1. Data Extraction Quality

· Dual extraction: Two trained research nurses independently extracted data from 10% of randomly selected records (43 birth defect records, 142 stillbirth records). Inter-rater reliability was assessed using Cohen’s kappa:

· Defect type classification: κ=0.92 (excellent agreement).

· Stillbirth cause classification: κ=0.89 (excellent agreement).

· Maternal age recording: κ=0.96 (excellent agreement).

· Resolution of discrepancies: Any disagreements between extractors were resolved through consensus with a senior clinician (a maternal-fetal medicine specialist with 15 years of experience).

2. Diagnostic Validation

· Birth defect diagnosis: For cases diagnosed prenatally (62.1% of birth defect cases), postnatal confirmation was obtained whenever possible (89.3% of prenatal diagnoses). Discordant cases (10.7%) were reclassified based on postnatal findings.

· Stillbirth cause: For cases with unclear cause (8.8% of stillbirths), a review panel (including a pathologist, obstetrician, and genetic counselor) re-evaluated clinical records, imaging, and laboratory results to assign a definitive cause or confirm "unknown."

3. Data Cleaning Protocol

· Duplicate detection: Duplicate records (identified via unique hospital ID and admission date) were removed (n=5 birth defect records, n=8 stillbirth records).

· Outlier handling: Extreme values (e.g., maternal age=14 years, gestational age=50 weeks) were verified against original medical charts. If confirmed as data entry errors, they were corrected; otherwise, they were excluded (n=2 stillbirth records with confirmed entry errors).

