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Variable Selection and Predictive Performance for Diabetes
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Abstract

This study compared sex- and algorithm-dependent differences in variable selection and their impact on performance
in diabetes prediction modeling. Undiagnosed diabetes was defined in participants without a prior physician diagnosis
as fasting plasma glucose >126 mg/dL or glycated hemoglobin (HbAlc) >6.5%. The final sample included 36,558
men and 70,308 women, and 19 predictors covering demographics, disease/family history, lifestyle, and non-invasive
clinical indicators were analyzed. Sex-stratified models were built using statistical logistic regression with stepwise
selection and machine learning models (Random Forest, Logistic Regression, AdaBoost, XGBoost, and LightGBM). In
men, pulse rate and percent body fat were ranked highly, whereas in women, body composition indicators were more
prominent. Variable composition and ranking also differed across algorithms within each sex. Predictive performance
was generally higher in women than in men (AUC: 0.77-0.80 vs. 0.70 -0.72). These findings indicate that sex
stratification and algorithm choice influence variable composition and performance interpretation.
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Table 1. Optimized hyperparameters for machine learning models stratified by sex

Random Forest ~ max depth = 24

Model Men Women
- n_estimators = 300 - n_estimators = 500
XGboost - leaming_rate = 0.1 - leamning_rate = 0.01
- max_depth = 3 - max_depth = 3
- n_estimators = 1800 - n_estimators = 1800

- max_depth = None

- leaming_rate = 0.05

- min_child_samples = 40
- reg_lambda = 0.1

- max_depth = 3

LGBM

- leaming_rate = 0.04

- min_child_samples = 20
- max_depth = 3

- reg_lambda = 0.1
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Table 2. Comparison of characteristics by sex

Men (N=36558, 34%) | Women (N=70308, 66%) p-value*
Age, mean (SD) 53.2 (8.7) 521 (7.9 <0.0001
Income
<2 million won 9393 (25.7%) 23021 (32.7%) <0.0001
2-4 million won 16263 (44.5%) 29510 (42.0%)
>4 million won 10902 (29.8%) 17777 (25.3%)
Education
< Middle school 7694 (21.0%) 25499 (36.3%) <0.0001
High school 12329 (33.7%) 27275 (38.8%)
> College 16535 (45.2%) 17534 (24.9%)
Marital status
Living with spouse 34115 (93.3%) 60586 (86.2%) <0.0001
Living alone 2443 (6.7%) 9722 (13.8%)
Hypertension
No 29081 (79.5%) 59 48 (84.1%) <0.0001
Yes 7477 (20.5%) 1160 (15.9%)
Family history of diabetes
No 31107 (85.1%) 57036 (81.1%) <0.0001
Yes 1 (14.9%) 13272 (18.9%)
Ever smoke
No 9893 (27.1%) 67746 (96.4%) <0.0001
Yes 26665 (72.9%) 2562 (3.6%)
Ever drink
No 7038 (19.3%) 45985 (65.4%) <0.0001
Yes 29520 (80.7%) 24323 (34.6%)
Exercise
No 16233 (44.4%) 35684 (50.8%) <0.0001
< 150 minutes/week 4980 (13.6%) 8558 (12.2%)
> 150 minutes/week 15345 (42.2%) 26066 (37.1%)
Walk
No 23889 (65.3%) 42816 (60.9%) <0.0001
< 150 minutes/week 340 (17.3%) 12559 (17.9%)
> 150 minutes/week 6329 (17.3%) 14933 (21.2%)
| Hip circumference, mean (SD) 9.1(5.6) 936(5.7) <0.0001
Pulse, mean (SD) 685 (9.7) 69.3 (9.2) <0.0001
Systolic blood pressure, mean (SD) 1258 (14.4) 1205 (15.2) <0.0001
Diastolic blood pressure, mean (SD) 788 (9.8) 746 9.8 <0.0001
Percent of body fat, mean (SD) 234 (45 6 (4.4) <0.0001
Muscle mass, mean (SD) 490 (5.1) 366 (35) <0.0001
Visceral fat mass, median (IQR) 24 19-30) 20 (15-25) <0.0001
Waist-hip ratio, median (IQR) 0.89 (0.86-0.92) 0.84 (0.79-0.88) <0.0001
Body mass index, mean (SD) 244 (28) 236 (29 <0.0001
Undiagnosed diabetes
No 34951 (95.6%) 68631(97.6%) < 0.0001
Yes 1607 (4.4%) 1677 (2.4%)

+ Student’s ttest was used for normally distributed continuous variables, the Wilcoxon rank-sum test for non-normally
distributed continuous variables, and the chi-square test for categorical variables.
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Table 3. Comparison of characteristics by undiagnosed diabetes status in men

Undiagnosed diabetes
No Yes .
(N=34951, 95.6%) (N=1607, 4.4%) pvalue
Age, mean (SD) 53.1(8.7) 548 (82) <0.0001
Income
<2 million won 8962 (25.6%) 431 (26.8%) 0.0028
2-4 million won 15505 (44.4%) 758 (47.2%)
>4 million won 10484 (30.0%) 401 (25.0%)
Education
< Middle school 7293 (20.9%) 401 (25.0%) < 0.0001
High school 11782 (33.7%) 547 (34.0%)
> College 15876 (45.4%) 659 (41.0%)
Marital status
Living with spouse 32622 (93.3%) 1493 (92.9%) 0.5324
Living alone 2329 (6.7%) 114 (7.1%)
Hypertension
No 27960 (80.0%) 1121 (69.8%) <0.0001
Yes 6991 (20.0%) 486 (30.2%)
Family history of diabetes
No 29886 (85.5%) 1221 (76.0%) <0.0001
Yes 5065 (14.5%) 386 (24.0%)
Ever smoke
No 9545 (27.3%) 348 (21.8%) <0.0001
Yes 25406 (72.7%) 1259 (78.3%)
Ever drink
No 6760 (19.3%) 278 (17.3%) 0.0458
Yes 28191 (80.7%) 1329 (82.7%)
Exercise
No 15449 (44.2%) 784 (48.8%) 0.0004
< 150 minutes/week 4798 (13.7%) 182 (11.3%)
> 150 minutes/week 14704 (42.1%) 641 (39.9%)
Walk
No 22781 (65.2%) 1108 (68.9%) 0.0004
< 150 minutes/week 6119 (17.5%) 221 (13.8%)
> 150 minutes/week 6051 (17.3%) 278 (17.3%)
Hip circumference, mean (SD) 9.0 (5.6) 972 (62) <0.0001
Pulse, mean (SD) 684 (9.7) 71.7 (106) <0.0001
(SSVS;O“C blood pressure, mean 1254 (14.3) 131.0 (150) <0.0001
(Dslgs)to“C blood pressure, mean 787 9.8) 812 (9.7) <0.0001
Percent of body fat, mean (SD) 233 (4.4) 253 (4.2) <0.0001
Muscle mass, mean (SD) 490 (5.1) 496 (56) 0.0001
Visceral fat mass, median (IQR) 24 (19-3.0) 28 (22-35) <0.0001
Waist-hip ratio, median (IQR) 0.89 (0.86-0.92) 0.91 (0.83-0.94) <0.0001
Body mass index, mean (SD) 243 2.7) 255 (29 <0.0001

+ Student’s ttest was used for normally distributed continuous variables, the Wilcoxon rank-sum test for non-normally

distributed continuous variables, and the chi-square test for categorical variables.
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Table 4. Comparison of characteristics by undiagnosed diabetes status in women

Undiagnosed diabetes
No Yes .

(N=68631, 97.6%) (N=1677, 2.4%) pvalue
Age, mean (SD) 520 (7.9) 559 (7.7) <0.0001
Income
<2 million won 22290 (32.5%) 731 (43.6%) <0.0001
2-4 million won 28862 (42.1%) 648 (38.6%)
>4 million won 17479 (255%) 298 (17.8%)
Education
< Middle school 24637 (35.9%) 862 (51.4%) <0.0001
High school 26698 (38.9%) 577 (34.4%)
> College 17296 (25.2%) 238 (14.2%)
Marital status
Living with spouse 59201 (86.3%) 1385 (82.6%) <0.0001
Living alone 9430 (13.7%) 292 (17.4%)
Hypertension
No 58014 (84.5%) 1134 (67.6%) <0.0001
Yes 10617 (15.5%) 543 (32.4%)
Family history of diabetes
No 55861 (81.4%) 1175 (70.1%) <0.0001
Yes 12770 (18.6%) 502 (29.9%)
Ever smoke
No 66144 (96.4%) 1602 (95.5%) 0.0924
Yes 2487 (3.6%) 75 (4.5%)
Ever drink
No 44797 (65.3%) 1188 (70.8%) <0.0001
Yes 23834 (34.7%) 489 (29.2%)
Exercise
No 34783 (50.7%) 901 (53.7%)
< 150 minutes/week 8371 (12.2%) 187 (11.2%)
> 150 minutes/week 25477 (37.1%) 589 (35.1%)
Walk
No 41729 (60.8%) 1087 (64.8%) <0.0001
< 150 minutes/week 12331 (18.0%) 228 (13.6%)
> 150 minutes/week 14571 (21.2%) 362 (21.6%)
Hip circumference, mean (SD) 937 (56) %7 6.7) <0.0001
Pulse, mean (SD) 69.2 (9.2) 722 (99) <0.0001
Systolic blood pressure, mean (SD) 120.3 (15.2) 1286 (16.3) <0.0001
Diastolic blood pressure, mean (SD) 745 (9.7) 785 98 <0.0001
Percent of body fat, mean (SD) 305 (4.4) 6 (4.1) <0.0001
Muscle mass, mean (SD) 365 (35) 37.6 4.1 <0.0001
Visceral fat mass, median (IQR) 20 (15-25) 26 (20-32) <0.0001
Waist-hip ratio, median (IQR) 0.83 (0.79-0.88) 0.88 (0.84-0.92) <0.0001
Body mass index, mean (SD) 235 (29 257 (34) <0.0001

+ Student’s ttest was used for normally distributed continuous variables, the Wilcoxon rank-sum test for non-normally
distributed continuous variables, and the chi-square test for categorical variables.
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Table 5. Ranked variables by selection method and model in men

St%tc')s(;gal Machine learning models
Logistic Logistic .
Model regrgssi on Random Forest regrgssion AdaBoost XGBoost LightGBM
Seleclon | stepwise A F RFE RFE Fi
Rank
1 PBF PBF PBF Age PBF PBF
2 Pulse Pulse Pulse BMI Pulse Pulse
3 FHx DM WHR FHx DM Smoking WHR WHR
4 SBP BMI SBP PBF BMI BMI
5 WHR SBP Age DBP FHx DM SBP
6 Age Age WHR WHR Visceral fat Muscle
7 HTN hx Muscle Hip Pulse Muscle Age
8 Exercise Visceral fat BMI FHx DM Hip Hip
9 Smoking DBP HTN hx HTN hx Education DBP
10 Walk Hip Smoking SBP Exercise Visceral fat

* Fl, feature importance; RFE, recursive feature elimination; PBF, percent body fat; DM, diabetes mellitus; FHX, family history; hx,
history; HTN, hypertension; WHR, waist—to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; circ., circumference.
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Table 6. Ranked variables by selection method and model in women

Str%t(')sdtgal Machine learmning models
Logistic Logistic .
Model regrgssion Random Forest regrgssion AdaBoost XGBoost LightGBM
Saection Stepwise F RFE RFE RFE F
Rank
1 BMI PBF WHR Age WHR PBF
2 WHR BMI FHx DM BMI SBP WHR
3 Pulse WHR Age Muscle FHx DM BMI
4 Age Visceral fat Pulse PBF Age SBP
5 FHx DM SBP BMI SBP BMI Pulse
6 SBP Age PBF WHR PBF Age
7 HTN hx Pulse SBP Hip circ. Visceral fat Muscle
8 Walk Muscle Muscle FHx DM Education Hip circ.
9 - Hip HTN hx HTN hx HTN hx DBP
10 - DBP Hip circ. Pulse Drink FHx DM

* Fl, feature importance; RFE, recursive feature elimination; PBF, percent body fat; DM, diabetes mellitus; FHX, family history; hx,
history; HTN, hypertension; WHR, waist—to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; circ., circumference.
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Table 7. Comparison of predictive performance by sex and model
Feature selection Optimal _
Sex Model method threshold Recall AUC Accuracy F1-Score
Random Forest Feature importance 0.45 0.81 0.71 0.52 0.13
Logistic Regression | Feature importance 0.47 0.73 0.71 0.60 0.13
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Women AdaBoost Elimination 050 0.84 0.79 0.61 0.09
Recursive Feature
XGBoost Elimination 0.46 0.85 0.79 0.62 0.10
LightGBM Feature importance 0.66 0.78 0.79 0.66 0.10
Logistic Regression Stepwise 0.02 0.88 0.80 0.58 0.10
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