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Different Types of Regression
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Linear Model v.s. Non-Linear (Smooth) Model
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= Restricted Cubic Spline (RCS) Model v.s. Fractional Polynomials (FP)

v.s. Generalized Additive Model (GAM)
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Body mass index at baseline directly
predicts new-onset diabetes and to a lesser
extent incident cardio-cerebrovascular events,
but has a J-shaped relationship to all-cause
mortality
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Table 2 Cox-proportional hazards regression model for the incidence of diabetes, cardio-cerebrovascular diseases, or all-cause
mortality according to body mass index category

Underweight Normal Overweight Grade 1 Obesity Grade 2 Obesity Grade 2 Obesity
(BMI<18.5kg/m?)| (18.5-<23kg/ | (23-<25kg/m?) (25-<30kg/m?) (30-<35kg/m?) (>35kg/m?)
m?)
Primary Outcomes® Men 1.293 1 1.101 1.320 1.789 2376
(1.224-1.365) (1.073-1.129) (1.288-1.353) (1.689-1.897) (2.019-2.857)
Women 1.084 1 1.150 1.385 1.865 2472
(1.010-1.163) (1.116-1.185) (1.346-1.425) (1.725-2.019) (2.025-3.028)
Diabetes Men 0.843 1 1603 2431 4784 5.592
(0.717-0.990) (1.524-1.685) (2.321-2.546) (4.371-5.237) (3.845-6.624)
Women 0.744 1 1624 2567 4372 4808
(0.607-0.917) (1.528-1.725) (243-2712) (3.991-4.788) (3.624-6.378)
CCVDs Men 0.974 1 1.109 1.200 1.351 1.002
(0.894-1.060) (1.073-1.146) (1.162-1.241) (1.226-1.489) (0.551-1.821)
Women 0907 1 1099 1.169 1.264 1.462
(0.827-0.995) (1.060-1.140) (1.128-1.211) (1.158-1.380) (1.101-2.215)
All-cause mortality Men 1.710 1 0.780 0.730 0.948 1.029
(1.596-1.832) (0.744-0.817) (0.694-0.767) (0.807-1.114) (0.613-1.863)
Women 1698 1 0.801 0830 1.123 1.368
(1.524-1.893) (0.744-0.862) (0.773-0.891) (0.949-1.331) (0.869-2.306)

Adjusted for age, systolic blood pressure, glucose, total cholesterol, tobacco smoking, alcohol intake, physical activity, and economic status

Abbreviation: CCVDs Cardio-cerebrovascular diseases

# Primary outcomes include diabetes mellitus, cardio-cerebrovascular diseases, or all-cause mortality

Bae et al. BMC Endocrine Disorders (2022) 22:123




Table 1 Easeline characteristics according to sex

Bae et al. BMC Endocrine Disorders

(2022) 22:123

Men Women

Mumber (M) 167,500 143916
Age, years 50486 51490
Body mass index, kg/m? 238128 235+29
Systolic blood pressure, mmHg 12534156 1205163
Glucose, mag/fdL 91.3+£129 895+£119
Total cholesterol, mg/dL 1970361 198.1 £ 365
Body mass index category, N (%)

Underweight (< 185 kg/m?) 4137 (25) 3861 (2.7)

Normal (18.5-<23kg/m?)

Overweight (23-<25kg/m?)

Grade 1 Obesity (25-< 30kg/m?)

Grade 2 obesity (30—< 35 kg/m?)

Grade 3 obesity (>35kg/m?)
Smoking status, N (%)

Mever smiokers

Ever smokers
Drinking status, M (%)
Rare
Sometimes
Often
Physical activity, N (%)
Rare
Sometimes
Regular
Economic status, M (%)
Low
Middle
High

61,916 (37.0)
47 585 (28.4)
51,220 (308)
2531(15)
111 {0.07)

66,415 (39.7)
101,085 (0.3)

55,825 (33.3)
79,507 [47.5)
32168 (19.2)

83,575 (49.9)
69,568 [415)
14,357 (8.6)

27488 (16.4)
55,054 (329
84,958 (50.7)

61,708 (42.9)
37,763 (26.2)
37,137 (258)
3220(22)
227 [0.18)

138671 (96.4)
5245 (3.6}

116,005 (80.7)
25,058 (17.4)
2763 (1.9)

95,767 (66.5)
36,091 (25.1)
12,058 (8.4)

39624 (275)
46,155 (32.1)
58,137 (40.4)
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Fig. 2 Cox-proportional hazards regression models for the primary outcomes (diabetes mellitus, cardio-cerebrovascular diseases, or all-cause
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Fig. 2 The restricted cubic splines (RCS) for analysis of the relationship between BMI and incidence of AD. A: 37-73 (years), B: 37-59 (years), C:
60-73 (years). Adjusted for age, TDI, sex, smoking, ethnicity, education level, alcohol use, hypertension, stroke, myocardial infarction, and diabetes
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» Restricted cubic spline (RCS, RETEEA)

» Cubic spline 25 EARIMNEIRZE - KB ]IS =RFHHIE %
fEFARCS IS - A "k -1, EEEHERT ( FEIZ&EEIE ) - k REWHE
5{E RCS AR EMFTRMERR X LUK k-2{E 53 E& piecewise cubic#IE
REREMYEIE : F—REHNHUE - F_SEHHNUE

BRI EAEE HEIRREAHAHG - BERAER) (B140 <100 ) RIZZRIN=Fh
BRGNS - BERABIRK (HlUNETF - B ) SRS IZEE A EE

ARZHRERER N EE R EZESE

ERMIE - EASAEALRARERNIRAIERRA - flME I mENZESEMAE B
BEHIFTAIRE (<90, 91-120, 121-140, 141-160, >160 mmHg ) - AT AZEAVER IR
R ERRER - Bt —mREm LN E == ) W&

FEARGAVAIE o ¥ RCS AARMFELER) - RMZE "EHRNRE  NEFEIEREE

Number of knots Knot locations expressed in quantiles of the x variable
K

0.1 0.5 0.9
005 0.35 065 0.95
005 0.275 05 0725 0.9

005 02 041 059 077 09 {EFE R BREEHY rms E4-HYFESETEE
0.025 0.1833 0.3417 05 0.6583 0.8167 0.975 ATy R B B

Table 2. Location of knots. From Harrell (2001), Regression Modeling Strategies.

EHRFHTE © hitps://support.sas.com/resources/papers/proceedingsi6/5621-2016.pdf)



R Code for RCS

LB RS
ms’roll.pcckcges ("'survival’) library (survival)
install.packages('haven') library(haven)
install.packages('readx!") library (readxl)

Cox proportional hazards models were used to estimate hazard ratios for
cardiovascular and mortality events.

Restricted cubic splines (RCS) under a Cox regression were applied when
analyzing time to event data with continuous exposures to "smooth” continuous
measurements with a specific outcome.

All analyses were performed using R (version 3.6.3)




PRS 5 PGS: 9047Hil: 0.66

50.0
|

10.0
|

Hazard ratio

All patients

Cox regression

Model 0: crude effect

Model 1 :

Adjusted for Age + Sex+ BMI +

cirrhosis

Model 2 :

Adjusted for Age + Sex + DM +
HTN + Hyperlipidemia + BMI +

cirrhosis

N HR 95%ClI P-value HR 95%Cl HR 95%Cl P-value
S 0y 0e oe os 1o ﬁi%:é_%%s 2.04(0.49-8.41) 0.32 1.94 (0.46-8.23) 2.15(0.51-9.17)  0.30
PRS_5_PGS %lﬂﬁéﬂ
e ores e DI rpepidemie B e ERSIS—PGS—% 3.13(1.43-6.87) 0.004 3.02 (1.36-6.71) 2..88 (1.27-6.55) 0.02
0: reference)
Cox regression
S H S8 B 7 HR 95% Cl Pr>Chisq |1k
flat{E AR

PRS 5 PGS (1 1 1.05847 0.41908 6.3792 2.882 1.268 6.552 0.0115 PRS 5 PGS _
90p 90p 1
Age 1 0.02728 0.01642 2.7598 1.028 0.995 1.061 0.0967 Age
Sex 1 1 0.31682 0.34136 0.8614 1.373 0.703 2.680 0.3534 Sex 1
DM 1 1 0.13058 0.36384 0.1288 1.139 0.558 2.325 0.7197 DM 1
HTN 1 1 1.08608 0.50654 4.5972 2.963 1.098 7.996 0.0320 HTN 1
Hyperlipide |1 1 -0.85484 0.40973 4.3528 0.425 0.191 0.950 0.0369 Hyperlipide
mia mia 1
BMI 1 0.08683 0.03483 6.2147 1.091 1.019 1.168 0.0127 BMI
cirrhosis 1 1 1.58076 0.36080 19.1950 4.859 2.396 9.854 <.0001 cirrhosis 1

14



ST

N AR

I

A8
B 10

20

25

30

40

50

60

70

75

80

90

PRS_5_PGS

439

.334380
.330400
.2232560
.064700
.127600
.127600
.129400
.265700
.330400
.393300
.401400
.458000
.531400
.659000

MRIZRCS - BUNFIRE » 7 HEHR>IHVEEER
PRS 5 PGS: 9043ir: 0.66

50.0
|

Restricted cubic spline ‘

10.0
|

Hazard ratio
2.0
|

0.5

FRIBRCS » EIENRE - 7 EHHR>INEZES | | | | | |

L S S S S SRV VR

# EIEET

summary_stats <- Tist(

P10 = quantile(data_ori$PR5_5_PGS, probs = 0.1),
Q1 = quantile(data_ori$PRS_5_PGS, probs = 0.25),

Median = median(data_ori$PRS_5_PGS),

Q3 = quantile(data_ori%PR5_5_PGS, probs = 0.75),

Mean = mean(data_orif%PR5_5_PGS),
sD = sd(data_orif$PRS_5_PGS)
)

print(summary_stats)

PRS 5 PGS

Adjusted for Age + Sex + DM + HTN + Hyperlipidemia + BMI + cirrhosis

15



BMI =24 BMI > 24

1e+03
|
500
|

10.0
|

\ ot ; Restricted cubic spline
Sl | fREEBMI >= 248K 434

Hazard ratio
s
]
i
1
Hazard ratio

1e-01

1e-05
05

00 02 04 06 08 10 00 02 04 06 08 10

PRS_5 PGS PRS_5 PGS

Adjusted for Age + Sex + DM + HTN + Hyperlipidemia + BMI + cirrhosis

Model 1 :

Model 0: crude effect Adjusted for Age + Sex + DM + HTN +
Hyperlipidemia + cirrhosis

Cox regression HR 95%Cl P-value HR 95%Cl P-value

BMI <24 2.29 (0.15-34.8) 0.55 5.44 (0.18-163.7) 0.33
S BIPRS_5_PGS

BMI >= 24 1.89 (0.36-9.76) 0.45 2.24(0.41-12.4) 0.35

BMI <24 1.17 (0.15-9.24) 0.88 2.78 (0.29-26.5) 0.37

T WA4HPRS_5_PGS_90p = 1

0: reference)
BMI >= 24 odl5 (75233 0.001 4.97 (1.85-13.4) 0.005
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Z-score EE {8

SR PR MAHEEERN 2-score
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z = (BRE - BEEHF19) / BEIIREE -
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Z-score B FTEEH G
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Bi4: z-score iRREEMRILA b 7305 - BEZERR9ERAEESTE z-
- score «

FIERRR : |z-score| 2 2 - RER(REEEXEHA
ECHREE -

BxAFE  RENEEEHEHD -

e MERBASRER  RERER

Z—score

R codeZE%; : z = (value - baseline_mean) / baseline_sd
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