Supplementary Material S1
Three-Stage Biopsychosocial Clinical Scoring Tool (Proof-of-Concept)
	IMPORTANT DISCLAIMER: This tool is derived from a synthetic, literature-parameterized dataset and has NOT been validated in real patient populations. It does not constitute a clinical instrument. No clinical decisions should be made on the basis of these scores alone. All outputs must be interpreted by a qualified healthcare professional. This tool is provided solely to illustrate the biopsychosocial factor structure embedded in the proof-of-concept modelling architecture.


HOW TO USE THIS TOOL
1.  For each question, select the response option that best describes the clinical profile.
2.  Place a tick (✓) in the checkbox (☐) next to your chosen option.
3.  Copy the log-odds score for that option into the Score column.
4.  At the end of each stage: add the stage-specific intercept to the sum of all selected scores.
    Total Score = Intercept + Σ (all selected scores)
5.  Convert Total Score to probability:  P = 1 / (1 + e raised to power of −Total Score)
6.  Locate the Total Score range in the Interpretation Guide to identify the risk category.
Reference background rates:  CS (antepartum) ≈ 21.1% (Betran et al. 2021, BMJ Global Health) | CS (intrapartum) ≈ 29.0% (Hunt 2025) | Secondary infertility ≈ 12.6% global (Cox et al. 2023, Hum Reprod Open)
Table S1-1.  Stage 1 — Antepartum CS Risk (Antenatal Counselling)
Calibrated intercept = −0.887 | Background CS rate ≈ 21.1% (Betran et al. 2021, BMJ Global Health)
	STAGE 1 — ANTEPARTUM CAESAREAN SECTION RISK (Antenatal Counselling)
	
	
	

	Predictor (citation)
	Response Option
	✓
	Score
(log-odds)

	Obstetric History
	
	
	

	Previous caesarean section
[OR 4.0; Hunt 2025]
	No
	☐
	0.00

	
	Yes
	☐
	+1.39

	Parity
[OR 0.67; Hunt 2025]
	Nulliparous (first birth) — reference
	☐
	0.00

	
	Multiparous (1 or more prior births)
	☐
	-0.41

	Previous vaginal birth
[OR 0.60; Tun 2022]
	No
	☐
	0.00

	
	Yes
	☐
	-0.51

	Clinical / Biometric
	
	
	

	Planned induction of labour (IOL)
[OR 2.0; Wu 2019; Crabtree 2026]
	No — spontaneous labour expected
	☐
	0.00

	
	Yes — induction planned
	☐
	+0.69

	Gestational age at assessment
[Crabtree 2026]
	< 37 weeks (Preterm)
	☐
	+0.55

	
	37–38 weeks (Early term)
	☐
	+0.27

	
	39 weeks (Full term, reference)
	☐
	0.00

	
	40 weeks (Late term)
	☐
	-0.18

	
	41 weeks or above (Post-term)
	☐
	-0.46

	Pre-pregnancy BMI (kg/m²)
[aOR; Al-Omari 2026]
	< 18.5 (Underweight)
	☐
	-0.18

	
	18.5–24.9 (Normal weight, reference)
	☐
	0.00

	
	25.0–29.9 (Overweight)
	☐
	+0.23

	
	30.0–34.9 (Obese class I)
	☐
	+0.46

	
	35.0–39.9 (Obese class II)
	☐
	+0.69

	
	40.0 or above (Obese class III)
	☐
	+0.87

	Hypertensive disorder of pregnancy / pre-eclampsia (HDP)
[OR 2.5; Tun 2022]
	No
	☐
	0.00

	
	Yes
	☐
	+0.92

	Gestational diabetes mellitus (GDM)
[OR 1.8; Tun 2022]
	No
	☐
	0.00

	
	Yes
	☐
	+0.59

	Estimated foetal weight
[Wu 2019]
	< 2,500 g (Small for gestational age)
	☐
	-0.24

	
	2,500–3,499 g (Normal, reference)
	☐
	0.00

	
	3,500–3,999 g (Upper normal)
	☐
	+0.23

	
	4,000 g or above (Macrosomia)
	☐
	+0.36

	Conception via ART / IVF / ICSI
[OR 2.0; Liu 2026]
	No (spontaneous conception)
	☐
	0.00

	
	Yes — ART / IVF / ICSI
	☐
	+0.69

	Psychosocial
	
	
	

	Depressive symptoms — current (CES-D / clinical)
[OR 1.4; Tun 2022]
	No significant symptoms — CES-D < 16 (reference)
	☐
	0.00

	
	Mild to moderate symptoms
	☐
	+0.17

	
	Elevated — CES-D ≥ 16 or clinical diagnosis
	☐
	+0.34

	Fear of childbirth — W-DEQ level
[Zhu 2025]
	None / very low — W-DEQ < 40 (reference)
	☐
	0.00

	
	Mild — W-DEQ 40–54
	☐
	+0.26

	
	Moderate — W-DEQ 55–65
	☐
	+0.55

	
	High — W-DEQ 66–85
	☐
	+0.88

	
	Very high — W-DEQ > 85 (clinical FOC level)
	☐
	+1.21

	Supportive / Protective
	
	
	

	Prenatal education / childbirth preparation classes
[OR 0.65; Liu 2026]
	No — none attended
	☐
	0.00

	
	Partial — some sessions only
	☐
	-0.22

	
	Yes — full programme completed
	☐
	-0.43

	Continuous birth support planned (doula / dedicated birth partner)
[OR 0.60; Chaudhary 2025]
	No — no continuous support
	☐
	0.00

	
	Partial — intermittent support
	☐
	-0.26

	
	Yes — dedicated continuous support
	☐
	-0.51

	Hypnobirthing / relaxation programme during pregnancy
[OR 0.70; Huang 2026]
	No
	☐
	0.00

	
	Yes
	☐
	-0.36

	Calibrated intercept (add to sum of all selected scores):  −0.887
	−0.887
	
	

	TOTAL SCORE  =  Intercept  +  Σ (all selected scores)
	____________
	
	

	INTERPRETATION GUIDE  |  P = 1 / (1 + e raised to power of −Total Score)
	
	
	

	Total Score Range
	Probability P
	Risk Category
	Clinical Implication

	< −1.4
	< 20%
	Low
	Well below background CS rate (~21%). Routine birth planning; continue supportive measures.

	−1.4 to −0.2
	20–45%
	Moderate
	Around or moderately above background rate. Detailed birth planning; review modifiable factors.

	−0.2 to +1.1
	45–75%
	Elevated
	Notably above background. Enhanced monitoring; counselling on delivery mode; consider specialist review.

	> +1.1
	> 75%
	High
	High CS probability. Senior obstetric review advisable; discuss options and birth preferences.





Table S1-2.  Stage 2 — Intrapartum CS Risk (Active Labour)
Calibrated intercept = +0.575 | Intrapartum-enriched background ≈ 29.0% (Hunt 2025)
‡ Temporality note: Epidural analgesia is included as a labour-course marker, not a causal predictor. Women with prolonged or complicated labours more frequently receive epidural analgesia; the association with CS reflects underlying labour dystocia, not a direct causal pathway. Active labour duration has been omitted from this stage entirely, for the same reason: its value is not established until labour is substantially advanced, and its association with delivery mode plausibly reflects the process leading to caesarean section rather than an independent, temporally antecedent predictor.
	STAGE 2 — INTRAPARTUM CAESAREAN SECTION RISK  (Active Labour)
	
	
	

	Predictor (citation)
	Response Option
	✓
	Score
(log-odds)

	Obstetric (Carry-Forward)
	
	
	

	Previous caesarean section
[OR 4.0; Hunt 2025]
	No
	☐
	0.00

	
	Yes
	☐
	+1.39

	Parity
[Hunt 2025]
	Nulliparous (reference)
	☐
	0.00

	
	Multiparous
	☐
	-0.41

	BMI — centred at 25 kg/m²
[Al-Omari 2026]
	< 25.0 (Normal / underweight, reference)
	☐
	0.00

	
	25.0–29.9 (Overweight)
	☐
	+0.23

	
	30.0–34.9 (Obese class I)
	☐
	+0.46

	
	35.0 or above (Obese class II/III)
	☐
	+0.69

	Cervical Status
	
	
	

	Bishop score at labour assessment
[Hunt 2025]
	≤ 3 (Unfavourable, reference)
	☐
	+0.23

	
	4–5 (Borderline)
	☐
	-0.35

	
	6–7 (Favourable)
	☐
	-0.81

	
	≥ 8 (Ripe cervix)
	☐
	-1.39

	Cervical dilation at assessment (cm)
[Hunt 2025]
	< 3 cm (Latent phase)
	☐
	-0.37

	
	3–5 cm (Early active)
	☐
	-0.74

	
	6–7 cm (Active phase)
	☐
	-1.20

	
	≥ 8 cm (Advanced active)
	☐
	-1.57

	Fetal presenting part station (relative to ischial spines)
	High (−3 to −2) — unengaged
	☐
	+0.32

	
	Engaged (−1)
	☐
	+0.13

	
	At spines (0, reference)
	☐
	0.00

	
	Below spines (+1 to +2)
	☐
	-0.19

	Labour Management
	
	
	

	Labour induction status at this time point
[Crabtree 2026; Wu 2019]
	Spontaneous onset of labour (reference)
	☐
	0.00

	
	Elective IOL (non-urgent)
	☐
	+0.49

	
	Medical indication IOL
	☐
	+0.69

	Oxytocin augmentation / induction dose
[Nicoli 2026]
	No oxytocin
	☐
	0.00

	
	Low dose (≤ 2 mU/min)
	☐
	+0.16

	
	Moderate dose (3–10 mU/min)
	☐
	+0.28

	
	High dose (> 20 mU/min)
	☐
	+0.41

	Occiput-posterior (OP) fetal position
	No (reference)
	☐
	0.00

	
	Yes — OP position
	☐
	+0.69

	Amniotic fluid status
[Whittington 2023]
	Normal AFI (reference)
	☐
	0.00

	
	Oligohydramnios
	☐
	+0.44

	
	Polyhydramnios
	☐
	+0.35

	
	Meconium-stained liquor
	☐
	+0.22

	Epidural analgesia ‡ [labour-course marker — see note below table]
	No
	☐
	0.00

	
	Yes
	☐
	+0.22

	Psychosocial / Supportive
	
	
	

	Depressive / anxiety symptoms during labour (clinical assessment)
[OR 1.4; Tun 2022]
	No significant symptoms
	☐
	0.00

	
	Mild to moderate
	☐
	+0.17

	
	Elevated — CES-D ≥ 16 or clinical
	☐
	+0.34

	Continuous birth support present during labour (doula / supporter)
[OR 0.60; Chaudhary 2025]
	No (reference)
	☐
	0.00

	
	Partial
	☐
	-0.26

	
	Yes — dedicated continuous support
	☐
	-0.51

	Non-pharmacological pain relief / waterbirth
	No (reference)
	☐
	0.00

	
	Partial — breathing / mobility only
	☐
	-0.09

	
	Yes — waterbirth or full NLP suite
	☐
	-0.22

	Calibrated intercept (add to sum of all selected scores):  +0.575
	+0.575
	
	

	TOTAL SCORE = Intercept + Σ (all selected scores)
	____________
	
	

	INTERPRETATION GUIDE | P = 1 / (1 + e raised to power of −Total Score)
	
	
	

	Total Score Range
	Probability P
	Risk Category
	Clinical Implication

	< −1.4
	< 20%
	Low
	Good labour progress; continue current management. Vaginal birth likely if progress maintained.

	−1.4 to +0.5
	20–62%
	Moderate
	Monitor closely. Risk above intrapartum background (~29%); enhanced vigilance recommended.

	+0.5 to +2.0
	62–88%
	Elevated
	Significant intrapartum risk. Senior review; discuss delivery options; ensure informed consent.

	> +2.0
	> 88%
	High
	High intrapartum CS probability. Immediate senior obstetric involvement recommended.





Table S1-3.  Stage 3 — Secondary Infertility Risk (5-year Postpartum Projection)
Calibrated intercept = −3.985 | Background SI period prevalence ≈ 12.6% (Cox et al. 2023, Hum Reprod Open)
Exploratory note: There is limited individual-level evidence for a causal first-birth to secondary infertility pathway. All outputs are properties of the simulation architecture. Intercept calibrated via Brent’s algorithm (500,000 MC samples) to achieve simulated mean SI prevalence of 12.0%. The implausible 51.54% mean risk in the original version was caused by an uncalibrated intercept and has been corrected here.
	STAGE 3 — SECONDARY INFERTILITY RISK (5-year Postpartum Projection)
	
	
	

	Predictor (citation)
	Response Option
	✓
	Score
(log-odds)

	Uterine / Structural
	
	
	

	Asherman syndrome / intrauterine adhesions (IUA)
[OR 6.0; Guo 2019; Hooker 2014]
	Not diagnosed or suspected
	☐
	0.00

	
	Suspected (symptoms present)
	☐
	+0.90

	
	Confirmed diagnosis
	☐
	+1.79

	IUA severity (if present — otherwise select None)
[Guo 2019]
	None / not applicable
	☐
	0.00

	
	Mild — AFS Grade I
	☐
	+0.36

	
	Moderate — AFS Grade II
	☐
	+0.71

	
	Severe — AFS Grade III/IV
	☐
	+1.07

	Caesarean scar disorder (CSD) confirmed on ultrasound
[LBR RR 0.65; Ma 2025]
	No
	☐
	0.00

	
	Yes — CSD confirmed
	☐
	+0.43

	Intracavitary fluid (ICF) detected on uterine scan
[LBR RR 0.61; Ma 2025]
	No (not detected)
	☐
	0.00

	
	Yes — ICF present
	☐
	+0.49

	Prior uterine instrumentation (D&C, MVA, uterine evacuation)
[OR 2.05 for IUA; Hooker 2014]
	No prior instrumentation
	☐
	0.00

	
	Once (single procedure)
	☐
	+0.14

	
	Twice or more
	☐
	+0.29

	Clinical / Gynaecological
	
	
	

	Prior subfertility / infertility history before index pregnancy
[OR 4.5; te Velde 2002]
	No prior infertility
	☐
	0.00

	
	Borderline — delayed conception
	☐
	+0.75

	
	Formally diagnosed subfertility or infertility
	☐
	+1.50

	Endometriosis
[OR 4.0; Bulletti 2010]
	No
	☐
	0.00

	
	Suspected / mild
	☐
	+0.69

	
	Confirmed diagnosis
	☐
	+1.39

	Recurrent miscarriage (2 or more prior pregnancy losses)
[OR 3.5; Rai & Regan 2006, Lancet]
	No (fewer than 2 losses)
	☐
	0.00

	
	Yes (2 or more losses)
	☐
	+1.25

	Menstrual cycle regularity before / outside pregnancy
[OR 2.8; clinical consensus]
	Regular (21–35-day cycle)
	☐
	0.00

	
	Slightly irregular
	☐
	+0.51

	
	Irregular / oligomenorrhoea / amenorrhoea
	☐
	+1.03

	Thyroid disorder (hypothyroidism or hyperthyroidism)
[OR 2.1; Mintziori 2016]
	No
	☐
	0.00

	
	Subclinical / borderline
	☐
	+0.37

	
	Diagnosed and / or treated
	☐
	+0.74

	Partner — male factor infertility risk
[OR 1.8; Thoma 2013]
	No / not assessed
	☐
	0.00

	
	Borderline (abnormal parameters)
	☐
	+0.29

	
	Confirmed male factor
	☐
	+0.59

	Postpartum haemorrhage (PPH ≥ 1,000 mL at index delivery)
[Asherman risk; OR 1.5]
	No (blood loss < 1,000 mL)
	☐
	0.00

	
	Yes — severe PPH
	☐
	+0.41

	Psychosocial
	
	
	

	Birth trauma / PTSD symptoms following index delivery
[OR 3.0; Storksen 2013]
	No significant symptoms
	☐
	0.00

	
	Mild distress / difficult memories
	☐
	+0.44

	
	Moderate PTSD symptoms
	☐
	+0.77

	
	Significant PTSD — affecting daily life
	☐
	+1.10

	Postpartum depressive symptoms (CES-D / clinical)
[OR 1.4; Tun 2022]
	No significant symptoms
	☐
	0.00

	
	Mild symptoms
	☐
	+0.17

	
	CES-D ≥ 16 or clinical depression
	☐
	+0.34

	EPDS score (Edinburgh Postnatal Depression Scale)
[Kinouchi 2026]
	Low (EPDS 0–6)
	☐
	+0.21

	
	Mild (EPDS 7–9)
	☐
	+0.57

	
	Moderate (EPDS 10–12)
	☐
	+0.79

	
	High (EPDS 13–19)
	☐
	+1.14

	
	Very high (EPDS ≥ 20)
	☐
	+1.57

	Fear of childbirth during index pregnancy — W-DEQ level
[Laursen 2009]
	None / very low — W-DEQ < 40 (reference)
	☐
	0.00

	
	Mild — W-DEQ 40–54
	☐
	+0.18

	
	Moderate — W-DEQ 55–65
	☐
	+0.37

	
	High — W-DEQ 66–85
	☐
	+0.60

	
	Very high — W-DEQ > 85
	☐
	+0.82

	State anxiety — STAI score
[Sydsjö 2012]
	Low (STAI < 40)
	☐
	+0.15

	
	Average (STAI 40–54)
	☐
	+0.27

	
	Moderately elevated (STAI 55–65)
	☐
	+0.42

	
	High (STAI ≥ 66)
	☐
	+0.50

	Obstetric
	
	
	

	Index delivery mode
[LBR RR 0.86; Ma 2025]
	Vaginal birth (reference)
	☐
	0.00

	
	Caesarean section
	☐
	+0.15

	Maternal age at index delivery (years)
[te Velde 2002]
	Under 25 (reference)
	☐
	0.00

	
	25–29
	☐
	+0.15

	
	30–34
	☐
	+0.54

	
	35–39
	☐
	+0.92

	
	40 or above
	☐
	+1.31

	Protective
	
	
	

	Continuous birth support (doula) during labour
[OR 0.80; Chaudhary 2025]
	No
	☐
	0.00

	
	Partial
	☐
	-0.11

	
	Yes — dedicated support
	☐
	-0.22

	Prenatal education / childbirth preparation
[Liu 2026]
	No
	☐
	0.00

	
	Yes
	☐
	-0.15

	Calibrated intercept (add to sum of all selected scores):  −3.985
	−3.985
	
	

	TOTAL SCORE = Intercept + Σ (all selected scores)
	____________
	
	

	INTERPRETATION GUIDE | P = 1 / (1 + e raised to power of −Total Score)
	
	
	

	Total Score Range
	Probability P
	Risk Category
	Clinical Implication

	< −3.5
	< 3%
	Low
	Below-average 5-year SI risk. Standard postpartum follow-up; no additional fertility referral indicated at this time.

	−3.5 to −2.0
	3–12%
	Average
	Within expected population range (~12%). Preconception health review before next pregnancy attempt.

	−2.0 to −0.5
	12–38%
	Moderate
	Elevated risk. Preconception review and fertility health discussion recommended.

	> −0.5
	> 38%
	High
	Substantially elevated 5-year SI risk. Early referral to fertility services advisable; uterine and hormonal assessment recommended.



	Scientific basis and reproducibility
All coefficients are literature-derived log-odds values (β = ln[OR]) as reported in Methods Table 2. In the underlying CS and SI pipelines, calibrated intercepts are computed numerically via Monte Carlo simulation and root-finding (Brent’s algorithm; 500,000 samples) to align simulated outcome prevalences with the target reference rates; the present scoring tool uses reference-centred approximations of these intercepts, re-derived where necessary (Stage 2) after a predictor was removed from the underlying model, to remain consistent with, though not numerically identical to, the calibration used in the full pipelines. The complete Python implementation (cs_prediction_pipeline_v5.py; si_pipeline_v5.py; biopsychosocial_scoring_tool_v4.py) is provided in Supplementary Material S2 and will be available on the project repository upon acceptance. RANDOM_SEED = 42 throughout all pipelines.



