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Interpretable Machine Learning for Predicting Adverse
Pregnancy Outcomes in Gestational Diabetes : Retrospective
Cohort Study

Collaol sla ol (S Sl jmndd BB (pablo (g 500 5l oo lisil
PO ALAS ©)a0e5 dxlllae 45518 ,L Cabis 4 Mk U 5o (551850




h)

Sl u»»oT 35y
Sy po—c
U&_&D)l’

Interpretable Machine Learning for Predicting Adverse
Pregnancy Outcomes in Gestational Diabetes : Retrospective
Cohort Study

Collaol sla ol (S Sl jmndd BB (pablo (g 500 5l oo lisil
PO ALAS ©)a0e5 dxlllae 55518 ,L Cabis 4 Mk U 5o (5518,

!‘G‘)‘ é.’)b ZM‘) Slw!
VF P/ VYA y b & oo S5 Bl




e el 55,0
ol w Hlg

NAME JMIR Medical Informatics

INDEXING Pubmed, Scopus, DOAJ

IMPACT FACTOR 5.0

CATEGORY Q1
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Abbreviation
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Expanded Form

Meaning

Characteristic Curve

GDM Gestational Diabetes Mellitus S,k cabo
ML Machine Learning Ceilo (6 S0l
SHAP Shapley Additive exPlanations hlo sl Slsgs
XGBoost eXtreme Gradient Boosting Qo bl 5 Cu gl
SVM Support Vector Machine Ol Slo 5 il
ADASYN Adaptive Synthetic Sampling Skl egian (6 S diged
SMOTE Synthetic Minority Sl lp egian (6,18 diges SuSS
Oversampling Technique Colsl sl sols
Receiver Operatin _ _
ROC pErating odiyeS Sllos S sionie

AUC

Area Under the Curve
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Inclusion

* Blood glucose level at 120 minutes after

.| glucose tolerance test: >7.8 and <25 mmol/L or
Blood glucose level at 10 minutes after glucose
tolerance test: >5.6 and <25 mmol/L

The GDM samples (n=1,854)

_|Exclude:
"| » Missing Apgar scores (n=184)

A 4 Baby birth weight <2500 g

Severely premature
Stillbirth

Apgar score <4
Shoulder dystocia

Assessment of adverse pregnancy outcomes
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1.00
S—ibjy pg—lc Gastation (days) { -0.01 -0.00 -0.07 -0.04 0.05 -0.08 -0.20 -0.10 -0.13 -0.12 -0.06 -0.04 0.02 -0.09
O&Ei——w)lg
Gestation 4 -0.01 -0.00 0,07 -0.04 0,05 :0.08 -0.20 -0.10 -0.13 0.12 -0,06 -0.04 0.02 -0.00 @
0.75
Vitamin D level blood 4 © 0.18 -0,18 -0.01 0.} 0.18 -0.10 0,05 -0.03 0.03 0.00 -0.08 @ @
Diagnosis time 41 -0.03 -0.03 0.04 0.04 0.01 0.01 -0.00 0.02 0.05 -0.01 -0.11 @ Q) ®
0.50
Folic acid dose 4 -0.02 -0.02 0.06 0.05 -0.01 0.10 -0.01L 0.05 -0.02 0.07 0.08 @ @ @ @
Diastolic blood pressure 4 -0.05 0.05 0 0.24 0.01 0.11 0.05 0.09 @ @ @ @ @
025 ¢
Systolic blood pressure cuff 4 -0.04 003 0 0.28 0.08 0.13 0.16 @ @ @ @ @ @ 3
o
E
Glucose level 120min blood 4 -0.07 -0.07 0.06 0.03 -0.07 0.01 @@@@@@@ g
v
Glucose level Omin blood { -0.10 -0.10 0.08 -0.01 @ @ @ @ @ @ @ @ R 15
—
[}
Glucose level blood | 002 000 014 014 002 00 OO OO OOO® 2
o
mogncyse o1 w11 000 s 000 DOOOOOOOOD® | -
g1 007 207 0010 DOOODOOOODODOD
wegpe massuroa | 51205 OO OO OHOODO® o030
sacy mass ndex st ooking | 935 05 (DD OO O OO OOOO®
Index of multiple deprivation rank @ @ @ @ @ ® @ @ @ @ @ @ @ @ -0.75
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Algorithm Hyperparameters
e n_estimators: 10, 50, 100
* max_features: auto, sqrt, log2
Random forest * Bootstrap: true, false
Extreme Gradient Boosting * n_estimators: 20, 50, 100
* learning_rate: 0.1,0.2,0.3
* max_depth: 4,6, 8
* objective: binary: logistic
¢ subsample: 0.6,0.8, 1
Logistic regression e C:0.001,0.01,0.1,1, 10, 100, 1000
e Penalty: L1,L2
Support vector machine e C:0.1,1,10, 100

 Kernel: linear, rbf, poly
e (Gamma: scale, auto
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Variable HC* Adverse outcome P value
IMDP decile, median (IQR) 4.00 (3.00-6.00) 4.00 (3.00-6.00) 25
Pregnancy age, median (IQR) 34.00 (30.00-37.00) 35.00 (31.00-38.00) 04
Glucose level (blood), median (IQR) 4.70 (4.30-5.30) 5.00 (4.45-5.80) <.001
Glucose level (O min), median (IQR) 4.60 (4.20-5.20) 4.70 (4.30-5.65) L02
Glucose level (120 min), median (IQR) 8.40 (8.00-9.10) 8.50 (8.00-9.50) 02
Systolic blood pressure, median (IQR) 111.00 (104.00-120.00) 115.00 (107.00-125.00) <.001
Diastolic blood pressure, median (IQR) 70.00 (63 .00-77.00) 72.00 (65.00-79.25) 0l
Folic acid dose, median (IQR) 400.00 (0.00-400.00) 400.00 (0.00-400.00) 81
Diagnosis time (weeks), median (IQR) 10.00 (10.00-12.00) 10.00 (9.75-12.00) 82
BMI (kg/m?), median (IQR) 26.02 (22.81-29.75) 26.51 (23.71-30.05) 02
Obese? n (%) 30

No 908 (74.49) 324 (71.84)

Yes 311 (25.51) 127 (28.16)
No_of_previous_csections, n (%) 69

(0] 1003 (82.28) 369 (81.82)

1 187 (15.34) 72 (15.96)

2 26 (2.13) 7 (1.55)

3 2(0.16) 2(0.44)

4 1 (0.08) 1(0.22)
Antenatal medical factors, n (%) 10

Chronic discases

Genetic disorders

Infectious and immune-related discases

Mental health and neurological disorders

Obesity-related conditions

Surgical or operative conditions
None

117 (9.60)
5(041)
27 (2.21)
47 (3.86)
2(0.16)

110 (9.02)
911 (74.73)

50 (11.09)
00)

12 (2.66)
30 (6.65)
2(0.44)

43 (9.53)
314 (69.62)

"HC: healthy control.
PIMD: Index of Multiple Deprivation.
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Model SEN

NPV¢

SPE* ppy! PLR! NLR® Accuracy F|-score
Random forest 0.600 0.926 0.750 0.863 8.133 0432 0.838 0.667
XGBoost" 0.567 0.955 0823 0.857 12570 0454 0.850 0.671
Logistic regression 0478 0.721 0.387 0.789 1714 0.724 0.656 0428
SVM 0.633 0.828 0.576 0.860 3679 0443 0.775 0.603
Stacking 0.578 0.959 0839 0.860 14098 0440 0.856 0.684

“GDM: gestational diabetes mellitus.
"SEN: sensitvity.

*SPE: specificity.

9PV positive predictive value.
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ROC curve for stacking model
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Oversampling method SEN° SPE¢ PPV* NPV! PLR® NLR" Accuracy  Fj-score
ADASYN (stacking) 0.578 0.959 0.839 0.860 14098 0440 0.856 0.684
SMOTE (stacking) 0.266 0910 0477 0.800 2947 0.807 0.728 0.34]
/ 0.658 0.506 0.292 0.827 1332 0.676 0.542 0.405

“ADASYN: adaptive synthetic sampling.

"SMOTE: Synthetic Minority Oversampling Technique.
“SEN: sensitivity.

USPE: specificity.

°PPV: positive predictive value.

INPV: negative predictive value.

ePLR: positive likelihood ratio.

ANLR: negative likelihood ratio.
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(A) Feature importance ranking for adverse pregnancy prediction model
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(B) SHAP summary for a GDM case with adverse pregnancy outcome
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(A) Impact distribution of individual features on GDM outcomes based on shape function
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(B) Interaction effects among features in GDM prediction
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(C) Feature interaction matrix
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- - 0.10
GlucoselevelOminblood { 0.040 aa oza © @) &) . D S S - &
Glucoselevell120minblood : 33 : 5 . S @ o o O
o.08
3 y o 2 X P D o
SystolicBloodPressureCuff 4 0.04 : 24 ) i35 &> (S o
Diastolic Blood Pressure - : 5 : . & O @) ) E
0.06
FolicAcidDose 1 0.0 043 ).003 3 © 3 02 - . ° o
Diagnosis time 4 ©.035 0037 0.033 )32 0.046 ).051 O o o
0.04
BMI 4 0.0a9 0.030 ) 29 59 o 26 3. 063 ). 0632 3 58 O o \/)
Obese? € 3 3 3 o ©
0.02
No_Of_previous_Csections ' = ) ©
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