Supplementary methods 1: Derivation of the Body Volume Index(BVI)
Step 1: Geometric Assumption s and Semiaxes Derivation
We assume the human body approximates an ellipsoid with three semi-axes: a,b, and c.
[image: ]
· The vertical semi-axis (c) represents half of the individual's height (H):

· The horizontal semi-axes (a and b) are assumed to be identical, representing a circular cross-section at the waist. Given the waist circumference (WC), the radius r (where a = b = r) is derived from the perimeter formula of a circle


Step 2: Volume calculation
The standard formula for the volume (V) of an ellipsoid is given by:


· Substituting the expressions for a, b, and c into the volume formula yields:


· To simplify clinical application and calculation, we approximate the value of π to 3 (π  ≈ 3) and divide this volume by the individual’s body weight. This simplification refines the volume equation to: 


























Supplementary methods 2: Analyses Code

/* Define Library Paths*/ 
libname a "/userdata08/room077/data_source";
libname b "/userdata08/room077/data_source/1619";
libname c "/userdata08/room077/data_source/YE";


/* Create Table*/
/* Exclude observations with missing values for height, weight, and waist circumference*/
/* If multiple examinations exist for a single subject, select the earliest (oldest) record*/
PROC SQL ;
CREATE TABLE GJ_0910 AS
SELECT EXMD_BZ_YYYY, RN_INDI, G1E_HGHT, G1E_WGHT, G1E_BMI, G1E_WSTC, Q_SMK_YN, Q_DRK_FRQ_V09N, Q_DRK_AMT_V09N
FROM A.NSC2_G1E_0915
WHERE EXMD_BZ_YYYY IN ("2009", "2010") AND
			RN_INDI NOT IN (SELECT RN_INDI
									FROM A.NSC2_M40
									WHERE ((SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('I20', 'I21', 'I22', 'I23','I24','I25', 'I60', 'I61', 'I62', 'I63', 'I64')) OR /* CVD */
												(MCEX_SICK_SYM LIKE "C%")) AND /* CANCER */
												STD_YYYY < "2009") AND
			RN_INDI NOT IN (SELECT RN_INDI
									FROM A.NSC2_BND
									WHERE SUBSTR(DTH_YYYYMM, 1,4) IN ("2009", "2010")) AND
			G1E_HGHT IS NOT NULL AND
			G1E_WGHT IS NOT NULL AND 
			G1E_WSTC IS NOT NULL
GROUP BY RN_INDI 
HAVING HME_YYYYMM = MIN(HME_YYYYMM) ;
QUIT ;

/* Merge JK (Eligibility) data with the study population -> PPL_JK */
PROC SQL ;
CREATE TABLE C.BVI_JK AS
SELECT D.*, E.RN_INDI, E.SEX, INPUT(D.EXMD_BZ_YYYY, 4.) - INPUT(F.BTH_YYYY, 4.) AS AGE,
CASE WHEN SGG = "." THEN .
		 WHEN SUBSTR(SGG, 1, 2) = '11' THEN 1
		 WHEN SUBSTR(SGG, 1, 2) IN ('26', '27', '28', '29', '30', '31') THEN 2
		 WHEN SUBSTR(SGG, 1, 2) NOT IN ('11', '26', '27', '28', '29', '30', '31') AND
			       SUBSTR(SGG, 3, 1) IN ('1', '2', '3', '4', '5', '6' ) THEN 3 
		 WHEN SUBSTR(SGG, 1, 2) NOT IN ('11', '26', '27', '28', '29', '30', '31') AND 
				   SUBSTR(SGG, 3, 1) IN ('7', '8', '9') THEN 4 END AS AREA,
CASE WHEN CTRB_Q10 = . THEN .
		 WHEN CTRB_Q10 < 4 THEN 1
		 WHEN CTRB_Q10 >= 4 AND CTRB_Q10 <7 THEN 2
		 WHEN CTRB_Q10 >= 7 AND CTRB_Q10 <10 THEN 3
		 WHEN CTRB_Q10 = 10 THEN 4 END AS CTRB
FROM GJ_0910 AS D
LEFT JOIN (SELECT DISTINCT RN_INDI, SEX, CTRB_Q10, SGG, STD_YYYY
				FROM A.NSC2_BNC_V2_1) AS E
ON D.RN_INDI = E.RN_INDI AND D.EXMD_BZ_YYYY = E.STD_YYYY
LEFT JOIN A.NSC2_BND AS F
ON D.RN_INDI = F.RN_INDI ;
QUIT ;

DATA C.BVI_JK ;
SET C.BVI_JK ;
IF Q_DRK_FRQ_V09N = 0 THEN DRK = 1 ;
ELSE IF Q_DRK_FRQ_V09N = 1 AND SEX = "1" AND Q_DRK_AMT_V09N <= 32 THEN DRK =  2 ; ELSE IF Q_DRK_FRQ_V09N = 1 AND SEX = "2" AND Q_DRK_AMT_V09N <= 16 THEN DRK =  2 ;
ELSE IF Q_DRK_FRQ_V09N = 2 AND SEX = "1" AND Q_DRK_AMT_V09N <= 15 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 2 AND SEX = "2" AND Q_DRK_AMT_V09N <= 7 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 3 AND SEX = "1" AND Q_DRK_AMT_V09N <= 10 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 3 AND SEX = "2" AND Q_DRK_AMT_V09N <= 5 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 4 AND SEX = "1" AND Q_DRK_AMT_V09N <= 7 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 4 AND SEX = "2" AND Q_DRK_AMT_V09N <= 3 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 5 AND SEX = "1" AND Q_DRK_AMT_V09N <= 6 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 5 AND SEX = "2" AND Q_DRK_AMT_V09N <= 3 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 6 AND SEX = "1" AND Q_DRK_AMT_V09N <= 4 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 6 AND SEX = "2" AND Q_DRK_AMT_V09N <= 2 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 7 AND SEX = "1" AND Q_DRK_AMT_V09N <= 4 THEN DRK =  2;
ELSE IF Q_DRK_FRQ_V09N = 7 AND SEX = "2" AND Q_DRK_AMT_V09N <= 2 THEN DRK =  2;

ELSE IF Q_DRK_FRQ_V09N = 1 AND SEX = "1" AND Q_DRK_AMT_V09N > 32 AND Q_DRK_AMT_V09N <= 48 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 1 AND SEX = "2" AND Q_DRK_AMT_V09N > 16 AND Q_DRK_AMT_V09N <= 32 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 2 AND SEX = "1" AND Q_DRK_AMT_V09N > 15 AND Q_DRK_AMT_V09N <= 23 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 2 AND SEX = "2" AND Q_DRK_AMT_V09N > 7 AND Q_DRK_AMT_V09N <= 15 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 3 AND SEX = "1" AND Q_DRK_AMT_V09N > 10 AND Q_DRK_AMT_V09N <= 15 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 3 AND SEX = "2" AND Q_DRK_AMT_V09N > 5 AND Q_DRK_AMT_V09N <= 10 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 4 AND SEX = "1" AND Q_DRK_AMT_V09N > 7 AND Q_DRK_AMT_V09N <= 11 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 4 AND SEX = "2" AND Q_DRK_AMT_V09N > 3 AND Q_DRK_AMT_V09N <= 7 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 5 AND SEX = "1" AND Q_DRK_AMT_V09N > 6 AND Q_DRK_AMT_V09N <= 9 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 5 AND SEX = "2" AND Q_DRK_AMT_V09N > 3 AND Q_DRK_AMT_V09N <= 6 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 6 AND SEX = "1" AND Q_DRK_AMT_V09N > 4 AND Q_DRK_AMT_V09N <= 7 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 6 AND SEX = "2" AND Q_DRK_AMT_V09N > 2 AND Q_DRK_AMT_V09N <= 4 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 7 AND SEX = "1" AND Q_DRK_AMT_V09N > 4 AND Q_DRK_AMT_V09N <= 6 THEN DRK =  3;
ELSE IF Q_DRK_FRQ_V09N = 7 AND SEX = "2" AND Q_DRK_AMT_V09N > 2 AND Q_DRK_AMT_V09N <= 4 THEN DRK =  3;

ELSE IF Q_DRK_FRQ_V09N = 1 AND SEX = "1" AND Q_DRK_AMT_V09N > 48 THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 1 AND SEX = "2" AND Q_DRK_AMT_V09N > 32 THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 2 AND SEX = "1" AND Q_DRK_AMT_V09N > 23 THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 2 AND SEX = "2" AND Q_DRK_AMT_V09N > 15 THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 3 AND SEX = "1" AND Q_DRK_AMT_V09N > 15 THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 3 AND SEX = "2" AND Q_DRK_AMT_V09N > 10 THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 4 AND SEX = "1" AND Q_DRK_AMT_V09N > 11 THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 4 AND SEX = "2" AND Q_DRK_AMT_V09N > 7 THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 5 AND SEX = "1" AND Q_DRK_AMT_V09N > 9 THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 5 AND SEX = "2" AND Q_DRK_AMT_V09N > 6  THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 6 AND SEX = "1" AND Q_DRK_AMT_V09N > 7  THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 6 AND SEX = "2" AND Q_DRK_AMT_V09N > 4  THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 7 AND SEX = "1" AND Q_DRK_AMT_V09N > 6  THEN DRK =  4;
ELSE IF Q_DRK_FRQ_V09N = 7 AND SEX = "2" AND Q_DRK_AMT_V09N > 4  THEN DRK =  4 ;

	IF Q_SMK_YN = 1 THEN SMK = 1;
	ELSE IF Q_SMK_YN = 2 OR Q_SMK_YN = 3 THEN SMK = 2; 

	IF AGE < 30 THEN AGE_GROUP = 1 ;
	ELSE IF AGE < 40 THEN AGE_GROUP = 2 ;
	ELSE IF AGE < 50 THEN AGE_GROUP = 3 ;
	ELSE IF AGE < 60 THEN AGE_GROUP = 4 ;
	ELSE IF AGE < 70 THEN AGE_GROUP = 5 ;
	ELSE AGE_GROUP = 6 ;
RUN ;


/* Total 288331 individuals */
PROC SQL;
CREATE TABLE C.BVI_JK AS
SELECT *
FROM C.BVI_JK
WHERE SEX IS NOT NULL AND 
			CTRB IS NOT NULL AND
			SMK IS NOT NULL AND
			DRK IS NOT NULL AND 
			AGE IS NOT NULL AND 
			AREA IS NOT NULL ;
QUIT ;
PROC SQL;
CREATE TABLE C.BVI_PPL AS
SELECT RN_INDI
FROM C.BVI_JK ;
QUIT ;


/* Calculate indicators for the study population -> BVI_GJ */
DATA C.BVI_GJ ;
SET C.BVI_JK ;
	BMI = G1E_WGHT/(G1E_HGHT/100)**2 ;
	BVI = G1E_WSTC**2*G1E_HGHT/(18*G1E_WGHT) ;
	WHTR = G1E_WSTC/G1E_HGHT ;
	ABSI = G1E_WSTC/(G1E_WGHT**(2/3))/G1E_HGHT**(5/6) ;
RUN ;

/* Categorizing by obesity indicators */
DATA C.BVI_GJ ;
SET C.BVI_GJ ;
IF BMI < 18.5 THEN BMI_CLASS = 1;
ELSE IF BMI < 25 THEN BMI_CLASS =  2 ; 
ELSE IF BMI < 30 THEN BMI_CLASS =  3 ; 
ELSE BMI_CLASS = 4 ;
RUN ;
PROC FREQ DATA=C.BVI_GJ ;
TABLES BMI_CLASS ;
RUN ;
PROC SORT DATA=C.BVI_GJ;
BY BVI ;
RUN ;
DATA C.BVI_GJ ;
SET C.BVI_GJ ;
ROWNUM_BVI= _N_ ;
RUN ;
PROC SQL;
SELECT BVI
FROM C.BVI_GJ 
WHERE ROWNUM_BVI IN (11898, 199372, 278544 ) ;
QUIT ;

PROC UNIVARIATE DATA=C.BVI_GJ ;
VAR WHTR ;
RUN ;
PROC UNIVARIATE DATA=C.BVI_GJ ;
VAR ABSI ;
RUN ;

DATA C.BVI_GJ ;
SET C.BVI_GJ ;

IF BVI < 716 THEN BVI_CLASS = 1;
ELSE IF BVI < 974 THEN BVI_CLASS = 2 ; 
ELSE IF BVI < 1152 THEN BVI_CLASS = 3 ; 
ELSE BVI_CLASS =4 ;

IF WHTR < 0.45 THEN WHTR_CLASS = 1;
ELSE IF WHTR < 0.48 THEN WHTR_CLASS = 2 ; 
ELSE IF WHTR < 0.52 THEN WHTR_CLASS = 3 ; 
ELSE WHTR_CLASS = 4;

IF ABSI < 0.066 THEN ABSI_CLASS = 1;
ELSE IF ABSI < 0.071 THEN ABSI_CLASS = 2 ; 
ELSE IF ABSI < 0.077 THEN ABSI_CLASS = 3 ; 
ELSE ABSI_CLASS = 4;

RUN ; 

/* Merge DTH data with the study population -> BVI_DTH */
/* Identification of mortality events (All-cause, MI, STROKE) between 2009 and 2019 */
PROC SQL ;
CREATE TABLE C.BVI_DTH AS
SELECT *
FROM C.BVI_PPL AS B
LEFT JOIN (SELECT RN_INDI, DTH_YYYYMM, 
				CASE WHEN DTH_YYYYMM IS NOT NULL THEN 1 ELSE 0 END AS DT_ALL,
				CASE WHEN (SUBSTR(COD1, 1, 3) IN ('I20', 'I21', 'I22', 'I23', 'I24', 'I25')) THEN 1 ELSE 0 END AS DT_MI,
				CASE WHEN (SUBSTR(COD1, 1, 3) IN ('I60', 'I61', 'I62', 'I63', 'I64')) THEN 1 ELSE 0 END AS DT_STROKE,
				CASE WHEN (SUBSTR(COD1, 1, 1) = "C") THEN 1 ELSE 0 END AS DT_CANCER
				FROM A.NSC2_BND) AS C
ON B.RN_INDI = C.RN_INDI ;
QUIT ;
DATA C.BVI_DTH ;
SET C.BVI_DTH ;
IF DTH_YYYYMM = . THEN DTH_YYYYMM = "201912" ;
RUN ;

/* Merge DS(DISEASE) data with the study population -> BVI_DS */
PROC SQL; 
CREATE TABLE M40_ALL AS
SELECT RN_INDI, MDCARE_STRT_DT,
CASE WHEN SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('E11' ,'E12', 'E13', 'E14') THEN 1 ELSE 0 END AS DM,
CASE WHEN SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('I10' ,'I11', 'I12', 'I13', 'I15') THEN 1 ELSE 0 END AS HTN,
CASE WHEN SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('I20' ,'I21', 'I22', 'I23', 'I24', 'I25') THEN 1 ELSE 0 END AS CVD_MI,
CASE WHEN SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('I60' ,'I61', 'I62', 'I63', 'I64') THEN 1 ELSE 0 END AS CVD_STROKE,
CASE WHEN  SUBSTR(MCEX_SICK_SYM, 1, 1) = 'C' THEN 1 ELSE 0 END AS CANCER
FROM A.NSC2_M40 
WHERE RN_INDI IN (SELECT RN_INDI 
							FROM C.BVI_PPL) AND
			(SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('E11' ,'E12', 'E13', 'E14', 'I10' ,'I11', 'I12', 'I13', 'I15', 'I20' ,'I21', 'I22', 'I23', 'I24', 'I25', 'I60' ,'I61', 'I62', 'I63', 'I64') OR 
			(SUBSTR(MCEX_SICK_SYM, 1, 1) = 'C'))
UNION
SELECT RN_INDI, MDCARE_STRT_DT,
CASE WHEN SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('E11' ,'E12', 'E13', 'E14') THEN 1 ELSE 0 END AS DM,
CASE WHEN SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('I10' ,'I11', 'I12', 'I13', 'I15') THEN 1 ELSE 0 END AS HTN,
CASE WHEN SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('I20' ,'I21', 'I22', 'I23', 'I24', 'I25') THEN 1 ELSE 0 END AS CVD_MI,
CASE WHEN SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('I60' ,'I61', 'I62', 'I63', 'I64') THEN 1 ELSE 0 END AS CVD_STROKE,
CASE WHEN  SUBSTR(MCEX_SICK_SYM, 1, 1) = 'C' THEN 1 ELSE 0 END AS CANCER
FROM B.NSC2_M40_1619 
WHERE RN_INDI IN (SELECT RN_INDI 
							FROM C.BVI_PPL) AND
			(SUBSTR(MCEX_SICK_SYM, 1, 3) IN ('E11' ,'E12', 'E13', 'E14', 'I10' ,'I11', 'I12', 'I13', 'I15', 'I20' ,'I21', 'I22', 'I23', 'I24', 'I25', 'I60' ,'I61', 'I62', 'I63', 'I64') OR 
			(SUBSTR(MCEX_SICK_SYM, 1, 1) = 'C')) AND
			INPUT(STD_YYYY, 4.) <= 2019
 ;
QUIT ;

%MACRO DISEASE() ;

%LET DISEASE = DM HTN CVD_MI CVD_STROKE CANCER ;
%LET LENGTH_DISEASE =  %SYSFUNC(COUNTW(&DISEASE)) ;

%DO I=1 %TO &LENGTH_DISEASE ;
PROC SQL ;
CREATE TABLE %SCAN(&DISEASE, &I) AS
SELECT DISTINCT RN_INDI, %SCAN(&DISEASE, &I), MIN(MDCARE_STRT_DT) AS %SCAN(&DISEASE, &I)_STRT_DT
FROM M40_ALL
WHERE %SCAN(&DISEASE, &I) = 1 AND 
			INPUT(SUBSTR(MDCARE_STRT_DT, 1, 4), 4.) > 2008 AND 
			INPUT(SUBSTR(MDCARE_STRT_DT, 1, 4), 4.) <= 2019
GROUP BY RN_INDI ;
QUIT ;

%END ;
%MEND ;
%DISEASE() ;

PROC SQL; 
CREATE TABLE ALL_DISEASE AS
SELECT *
FROM C.BVI_PPL AS D 
LEFT JOIN DM AS E
ON D.RN_INDI = E.RN_INDI 
LEFT JOIN HTN AS F
ON D.RN_INDI = F.RN_INDI
LEFT JOIN CVD_MI AS G
ON D.RN_INDI = G.RN_INDI 
LEFT JOIN CVD_STROKE AS H
ON D.RN_INDI = H.RN_INDI
LEFT JOIN CANCER AS I
ON D.RN_INDI = I.RN_INDI ;
QUIT ;

DATA C.BVI_DS ;
SET ALL_DISEASE ;
IF DM = . THEN DM = 0 ;
IF HTN = . THEN HTN = 0 ;
IF CVD_MI = . THEN CVD_MI = 0 ;
IF CVD_STROKE = . THEN CVD_STROKE = 0 ;
IF CANCER = . THEN CANCER = 0 ;
RUN ;

/* COX REG */
/* Merge tables */
PROC SQL ;
CREATE TABLE BVI_ALL AS
SELECT *
FROM C.BVI_GJ AS A
LEFT JOIN C.BVI_DTH AS D
ON A.RN_INDI = D.RN_INDI
LEFT JOIN C.BVI_DS AS E
ON A.RN_INDI = E.RN_INDI ;
QUIT ;

/* Calculate date intervals */
%MACRO DISEASE_DT() ;
%LET DISEASE = DM HTN CVD_MI CVD_STROKE CANCER ;
%LET LENGTH = %SYSFUNC(COUNTW(&DISEASE)) ;

%DO I=1 %TO &LENGTH ;
DATA BVI_ALL ;
SET BVI_ALL ;
IF %SCAN(&DISEASE, &I) = 0 AND DT_ALL = 0 THEN %SCAN(&DISEASE, &I)_STRT_DT = '20191231' ; 
IF %SCAN(&DISEASE, &I) = 0 AND DT_ALL = 1 AND INPUT(SUBSTR(DTH_YYYYMM, 1, 4), 4.) <= 2019 THEN %SCAN(&DISEASE, &I)_STRT_DT = CATT(DTH_YYYYMM, '01') ;
IF %SCAN(&DISEASE, &I) = 0 AND DT_ALL = 1 AND INPUT(SUBSTR(DTH_YYYYMM, 1, 4), 4.) > 2019 THEN %SCAN(&DISEASE, &I)_STRT_DT = '20191231' ; 
RUN ;
%END ;
%MEND ;

%DISEASE_DT() ;

DATA C.BVI_T; 
SET BVI_ALL ;

/* Death-> DAYS_DTH */
M = SUBSTR(DTH_YYYYMM, 5, 2) ;
Y = SUBSTR(DTH_YYYYMM, 1, 4) ;
MDY_DTH = MDY(M, 1, Y) ;

MDY = MDY(1, 1, 9) ;

DAYS_DTH = MDY_DTH-MDY ;

DROP Y M   MDY_DTH MDY ;

RUN ;

/*Mean follow-up period */ 
PROC SQL;
SELECT SUM(DAYS_DTH) / 288331 / 365.5 AS DTH
FROM C.BVI_T ;
QUIT ;
PROC SQL;
SELECT SUM(DAYS_DTH) / 149288 / 365.5 AS DTH
FROM C.BVI_T
WHERE SEX="1" ;
QUIT ;
PROC SQL;
SELECT SUM(DAYS_DTH) / 139043 / 365.5 AS DTH
FROM C.BVI_T
WHERE SEX="2" ;
QUIT ;

/* Death-> table 4-6 */
ODS GRAPHICS ;
%MACRO COX_MOR() ;

%LET SEX = "1" "2" ;
%LET INDEX = BMI_CLASS BVI_CLASS WHTR_CLASS ABSI_CLASS;
%LET CAU = DT_ALL DT_MI DT_STROKE DT_CANCER;
%LET LENGTH_SEX = %SYSFUNC(COUNTW(&SEX)) ;
%LET LENGTH_INDEX = %SYSFUNC(COUNTW(&INDEX)) ;
%LET LENGTH_CAU =  %SYSFUNC(COUNTW(&CAU)) ;

%DO K=1 %TO &LENGTH_SEX ;
%DO J=1 %TO &LENGTH_CAU ;
%DO I=1 %TO &LENGTH_INDEX ;
PROC PHREG DATA=C.BVI_T CONCORDANCE ;
WHERE SEX=%SCAN(&SEX, &K); 
CLASS %SCAN(&INDEX, &I)(REF = "2") DM(REF="0") HTN(REF="0") SMK(REF= "1") DRK(REF= "1")  AREA(REF= "1") CTRB(REF= "1") AGE_GROUP(REF="1")    ;
MODEL DAYS_DTH*%SCAN(&CAU, &J)(0) = %SCAN(&INDEX, &I)  DM HTN SMK DRK  AREA CTRB AGE_GROUP  /RL;
OUTPUT OUT=%SCAN(&CAU, &J)_%SCAN(&INDEX, &I) XBETA=XB_%SCAN(&CAU, &J)_%SCAN(&INDEX, &I);
RUN ;

PROC LOGISTIC DATA=%SCAN(&CAU, &J)_%SCAN(&INDEX, &I) DESCENDING PLOTS(ONLY) = ROC ;
MODEL %SCAN(&CAU, &J)(EVENT="1") = XB_%SCAN(&CAU, &J)_%SCAN(&INDEX, &I) ;
RUN ;

%END ;
%END ;
%END ;
%MEND ;
%COX_MOR() ;

/*TABLE1*/
PROC FREQ DATA=C.BVI_T ;
TABLES (AGE_GROUP AREA CTRB SMK DRK DM HTN DT_ALL DT_MI DT_STROKE DT_CANCER)*SEX /NOROW NOPERCENT;
RUN ;

/*TABLE3*/
%MACRO TABLE3() ;

%LET SEX = "1" "2" ;
%LET INDEX = BMI_CLASS BVI_CLASS WHTR_CLASS ABSI_CLASS;
%LET LENGTH_SEX = %SYSFUNC(COUNTW(&SEX)) ;
%LET LENGTH_INDEX = %SYSFUNC(COUNTW(&INDEX)) ;

%DO K=1 %TO &LENGTH_SEX ;
%DO I=1 %TO &LENGTH_INDEX ;
PROC FREQ DATA=C.BVI_T ;
WHERE SEX=%SCAN(&SEX, &K) ;
TABLES %SCAN(&INDEX, &I)*(DT_ALL DT_MI DT_STROKE DT_CANCER) /NOCOL NOPERCENT;
QUIT ;

%END ;
%END ;
%MEND ;
%TABLE3() ;
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Figure S1. Derivation process of study sample

















Table S1. Definition of the decile groupings for five indices
	Decile
	BMI
	WHtR
	ABSI
	BRI
	BVI

	
	Male
	Female
	Male
	Female
	Male
	Female
	Male
	Female
	Male
	Female

	Q1
	≤ 20.4
	≤ 19.1
	≤ 0.432
	≤ 0.407
	≤ 0.061
	≤ 0.067
	≤ 2.173
	≤ 1.789
	≤ 817.8
	≤ 730.3

	Q2
	20.4-21.6
	19.1-20.2
	0.432-0.452
	0.407-0.428
	0.061-0.063
	0.067-0.070
	2.173-2.503
	1.789-2.107
	817.8-859.9
	730.3-772.3

	Q3
	21.6-22.5
	20.2-21.1
	0.452-0.466
	0.428-0.444
	0.063-0.065
	0.070-0.072
	2.503-2.752
	2.107-2.380
	859.9-890.7
	772.3-805.8

	Q4
	22.5-23.3
	21.1-21.9
	0.466-0.479
	0.444-0.461
	0.065-0.066
	0.072-0.074
	2.752-2.969
	2.380-2.652
	890.7-917.5
	805.8-837.5

	Q5
	23.3-24.0
	21.9-22.7
	0.479-0.490
	0.461-0.477
	0.066-0.068
	0.074-0.075
	2.969-3.186
	2.652-2.939
	917.5-943.2
	837.5-869.8

	Q6
	24.0-24.8
	22.7-23.5
	0.490-0.500
	0.477-0.494
	0.068-0.069
	0.075-0.077
	3.186-3.364
	2.939-3.242
	943.2-969.2
	869.8-904.7

	Q7
	24.8-25.6
	23.5-24.4
	0.500-0.514
	0.494-0.513
	0.069-0.071
	0.077-0.080
	3.364-3.633
	3.242-3.604
	969.2-998.1
	904.7-944.1

	Q8
	25.6-26.5
	24.4-25.6
	0.514-0.528
	0.513-0.534
	0.071-0.073
	0.080-0.083
	3.633-3.913
	3.604-4.020
	998.1-1032.0
	944.1-993.1

	Q9
	26.5-28.0
	25.6-27.3
	0.528-0.550
	0.534-0.565
	0.073-0.077
	0.083-0.087
	3.913-4.357
	4.020-4.664
	1032.0-1081.5
	993.1-1063.2

	Q10
	> 28.0
	> 27.3
	> 0.550
	> 0.565
	> 0.077
	> 0.087
	> 4.357
	> 4.664
	> 1081.5
	> 1063.2












Table S 2. WHO classification of drinking risk 
	
	Men
	Women

	
	Gram/day
	U.S. standard drinks/day*
	Gram/day
	U.S. standard drinks/day*

	Very high risk
	>100
	>7.1
	>60
	>4.3

	High risk
	>60 to 100
	>4.3 to 7.1
	>40 to 60
	>2.9 to 4.3

	Moderate risk
	>40 to 60
	>2.9 to 4.3
	>20 to 40
	>1.4 to 2.9

	Low risk
	1 to 40
	1 to 2.9
	1 to 20
	1 to 1.4


*1 U.S. standard drink = 14g ethanol





















Table S3. Characteristics of study sample
	Variables
	Categories
	Men: N (%)
	Women: N (%)

	
	Total N
	149,288
	129,043

	
	Average duration of follow-up  (years) 
	10.77
	10.82

	Age group (years)
	< 30
	17392 (11.7)
	18964 (13.6)

	
	30-39
	38156 (25.6)
	18707 (13.5)

	
	40-49
	41022 (27.5)
	41155 (29.6)

	
	50-59
	29774(19.9)
	33012 (23.7)

	
	60-69
	16001(10.7)
	17943 (12.9)

	
	≥70
	6943(4.7)
	9262 (6.7)

	Residential area
	Seoul
	28542 (19.1)
	28749 (20.7)

	
	Metropolitan city
	39229 (26.3)
	36518 (26.3)

	
	Small city
	68693 (46.0)
	60940 (43.8)

	
	Rural
	12824 (8.6)
	12836 (9.2)

	Household income
	0-30%
	25982 (17.4)
	38866 (28.0)

	
	30-60%
	44310 (29.7)
	39820 (28.6)

	
	60-90%
	59599 (39.9)
	45423 (32.7)

	
	90-100%
	19397 (13.0)
	14934 (10.7)

	Smoking
	Never-smoker
	44219 (29.6)
	131142 (94.3)

	
	Ever-smoker
	105069 (70.4)
	7901(5.7)

	Drinking
	Non-drinker
	45058 (30.2)
	100608 (72.4)

	
	Low-risk drinker
	90390 (60.6)
	34492 (24.8)

	
	Moderate-risk drinker
	7404 (5.0)
	2946 (2.1)

	
	High-risk drinker
	6436 (4.3)
	997 (0.7)

	Diabetes Mellitus
	No
	98849 (66.2)
	90681 (65.2)

	
	Yes
	50439 (33.8)
	48362 (34.8)

	Hypertension
	No
	90870 (60.9)
	88142 (63.7)

	
	Yes
	58418 (39.1)
	50901 (36.6)

	All-cause mortality
	Survivors
	141437 (94.7)
	134783 (96.9)

	
	Decedents
	7851 (5.3)
	4260 (3.1)

	Cancer-related mortality
	Survivors
	146843 (98.4)
	137780 (99.1)

	
	Decedents
	2445 (1.6)
	1263 (0.9)




Table S4. Number of deaths (N) and crude mortality (%) according to deciles of five obesity indicators
	Men
	BMI
	WHRT
	ABSI
	BRI
	BVI

	
	All-cause 
	Cancer
	All-cause 
	Cancer
	All-cause 
	Cancer
	All-cause 
	Cancer
	All-cause 
	Cancer

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%

	Q1
	1496
	10.0
	1496
	3.3
	587
	3.9
	150
	0.7
	172
	1.2
	42
	0.6
	579
	3.9
	148
	0.7
	344
	2.3
	85
	0.8

	Q2
	906
	6.1
	906
	2.3
	590
	4.0
	181
	1.0
	226
	1.5
	69
	0.7
	580
	3.9
	176
	1.0
	368
	2.5
	98
	0.9

	Q3
	934
	6.3
	934
	2.6
	554
	3.7
	167
	1.2
	246
	1.6
	73
	0.9
	583
	3.9
	175
	1.2
	451
	3.0
	142
	1.2

	Q4
	731
	4.9
	731
	2.5
	685
	4.6
	206
	1.6
	358
	2.4
	111
	1.3
	622
	4.2
	187
	1.6
	493
	3.3
	154
	1.5

	Q5
	756
	5.1
	756
	2.9
	622
	4.2
	196
	2.1
	383
	2.6
	120
	1.3
	691
	4.6
	219
	2.1
	564
	3.8
	183
	1.9

	Q6
	684
	4.6
	684
	3.4
	781
	5.2
	262
	3.1
	532
	3.6
	161
	1.9
	764
	5.1
	257
	2.9
	614
	4.1
	190
	2.3

	Q7
	666
	4.5
	666
	3.5
	804
	5.4
	271
	3.4
	792
	5.3
	267
	2.4
	806
	5.4
	272
	3.3
	779
	5.2
	260
	3.1

	Q8
	547
	3.7
	547
	3.7
	914
	6.1
	302
	4.4
	910
	6.1
	310
	3.5
	934
	6.3
	308
	4.7
	964
	6.5
	293
	4.1

	Q9
	614
	4.1
	614
	4.2
	1033
	6.9
	330
	6.2
	1455
	9.7
	490
	5.2
	1021
	6.8
	325
	6.1
	1207
	8.1
	409
	5.7

	Q10
	517
	3.5
	517
	4.6
	1281
	8.6
	380
	9.3
	2777
	18.6
	802
	15.2
	1271
	8.5
	378
	9.4
	2067
	13.8
	631
	11.5

	Women
	BMI
	WHRT
	ABSI
	BRI
	BVI

	
	All-cause 
	Cancer
	All-cause 
	Cancer
	All-cause 
	Cancer
	All-cause 
	Cancer
	All-cause 
	Cancer

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%

	Q1
	1496
	2.8
	1496
	0.6
	96
	1.0
	39
	0.3
	72
	0.3
	29
	0.2
	96
	1.0
	39
	0.3
	108
	0.6
	46
	0.4

	Q2
	906
	1.9
	906
	0.6
	129
	1.2
	42
	0.3
	88
	0.5
	47
	0.4
	129
	1.2
	42
	0.3
	119
	0.7
	44
	0.3

	Q3
	934
	2.1
	934
	0.7
	153
	1.1
	59
	0.5
	121
	0.5
	64
	0.5
	153
	1.2
	59
	0.5
	157
	1.0
	68
	0.5

	Q4
	731
	1.5
	731
	0.7
	212
	1.4
	72
	0.6
	171
	0.7
	70
	0.5
	203
	1.3
	69
	0.5
	193
	1.0
	71
	0.6

	Q5
	756
	1.5
	756
	1.0
	267
	1.3
	75
	0.6
	172
	0.8
	67
	0.5
	271
	1.5
	76
	0.6
	248
	1.2
	86
	0.7

	Q6
	684
	1.5
	684
	1.0
	402
	1.8
	122
	0.9
	246
	1.1
	109
	0.8
	379
	1.7
	115
	0.9
	298
	1.3
	96
	0.7

	Q7
	666
	1.6
	666
	1.1
	437
	1.8
	152
	1.2
	314
	1.8
	111
	0.9
	430
	1.8
	148
	1.1
	394
	1.7
	142
	1.1

	Q8
	547
	1.1
	547
	1.2
	568
	2.0
	163
	1.3
	447
	2.1
	148
	1.1
	602
	2.1
	176
	1.4
	525
	2.0
	171
	1.3

	Q9
	614
	1.3
	614
	1.4
	795
	2.2
	221
	1.7
	670
	3.3
	212
	1.6
	789
	2.2
	219
	1.7
	734
	2.7
	201
	1.6

	Q10
	517
	1.1
	517
	1.5
	1201
	2.5
	318
	2.5
	1959
	5.4
	406
	3.1
	1208
	2.5
	320
	2.5
	1484
	4.2
	338
	2.6



Table S5. Hazard ratios (HRs) and 95% confidence intervals (CIs) for all-cause and cancer-related mortality across obesity index categories in men and women.
	Index
	Men
	Women

	
	All-cause mortality
	Cancer-related mortality
	All-cause mortality
	Cancer-related mortality

	
	HR
	95%CI
	HR
	95%CI
	HR
	95%CI
	HR
	95%CI

	BMI
	　
	　
	　
	　

	Q1
	1.68
	1.54-1.84
	1.71
	1.49-1.98
	1.75
	1.48-2.05
	1.05
	0.78-1.40

	Q2
	1.27
	1.15-1.40
	1.26
	1.08-1.47
	1.34
	1.12-1.59
	0.93
	0.70-1.24

	Q3
	1.19
	1.08-1.31
	1.12
	0.97-1.30
	1.27
	1.07-1.51
	0.99
	0.76-1.31

	Q4
	1.03
	0.93-1.14
	1.02
	0.88-1.19
	1.01
	0.83-1.22
	0.858
	0.66-1.13

	Q5
	1
	(ref)
	1
	(ref)
	1
	(ref)
	1
	(ref)

	Q6
	0.92
	0.83-1.02
	0.96
	0.85-1.10
	0.97
	0.81-1.17
	0.91
	0.71-1.16

	Q7
	0.92
	0.83-1.02
	0.95
	0.83-1.09
	1.02
	0.85-1.22
	0.88
	0.69-1.12

	Q8
	0.88
	0.79-0.99
	0.82
	0.72-0.94
	0.80
	0.66-0.98
	0.84
	0.67-1.07

	Q9
	0.88
	0.79-0.98
	0.87
	0.77-0.99
	0.92
	0.76-1.11
	0.92
	0.73-1.16

	Q10
	0.95
	0.85-1.06
	0.93
	0.82-1.06
	0.94
	0.77-1.15
	1.02
	0.82-1.28

	WHtR
	
	
	
	
	
	
	
	

	Q1
	1.27
	1.13-1.42
	1.38
	1.08-1.77
	1.24
	1.00-1.54
	1.55
	1.03-2.32

	Q2
	1.20
	1.08-1.35
	1.09
	0.88-1.35
	1.31
	1.07-1.60
	1.14
	0.78-1.68

	Q3
	1.00
	0.89-1.12
	1.14
	0.93-1.39
	1.10
	0.89-1.35
	1.34
	0.95-1.89

	Q4
	1.04
	0.94-1.16
	1.06
	0.89-1.28
	1.06
	0.87-1.29
	1.17
	0.85-1.62

	Q5
	1
	(ref)
	1
	(ref)
	1
	(ref)
	1
	(ref)

	Q6
	0.99
	0.89-1.10
	1.11
	0.95-1.39
	1.08
	0.90-1.30
	1.22
	0.91-1.62

	Q7
	0.98
	0.88-1.08
	1.07
	0.92-1.24
	1.06
	0.88-1.28
	1.43
	1.08-1.89

	Q8
	0.96
	0.87-1.07
	0.99
	0.86-1.15
	1.03
	0.86-1.24
	1.22
	0.93-1.61

	Q9
	0.91
	0.82-1.00
	1.05
	0.91-1.21
	0.98
	0.82-1.17
	1.28
	0.98-1.66

	Q10
	0.94
	0.85-1.04
	1.08
	0.94-1.24
	0.92
	0.77-1.09
	1.42
	1.09-1.84

	ABSI
	
	
	
	
	
	
	
	

	Q1
	0.95
	0.79-1.15
	0.93
	0.70-1.24
	0.99
	0.69-1.41
	1.01
	0.65-1.58

	Q2
	0.98
	0.83-1.16
	0.89
	0.68-1.15
	1.14
	0.85-1.54
	1.24
	0.85-1.80

	Q3
	0.95
	0.81-1.11
	1.02
	0.81-1.29
	0.97
	0.72-1.30
	1.36
	0.97-1.92

	Q4
	1.00
	0.87-1.16
	1.16
	0.94-1.44
	1.04
	0.80-1.35
	1.28
	0.92-1.79

	Q5
	1
	(ref)
	1
	(ref)
	1
	(ref)
	1
	(ref)

	Q6
	1.03
	0.90-1.17
	1.09
	0.90-1.33
	0.94
	0.74-1.19
	1.34
	0.99-1.82

	Q7
	1.21
	1.07-1.37
	1.12
	0.92-1.34
	1.22
	0.98-1.51
	1.14
	0.84-1.55

	Q8
	1.25
	1.11-1.41
	1.22
	1.02-1.45
	1.2
	0.97-1.48
	1.16
	0.87-1.55

	Q9
	1.40
	1.25-1.57
	1.26
	1.06-1.49
	1.33
	1.08-1.63
	1.23
	0.93-1.63

	Q10
	1.58
	1.41-1.77
	1.69
	1.43-1.99
	1.46
	1.20-1.78
	1.41
	1.07-1.86

	BRI
	
	
	
	
	
	
	
	

	Q1
	1.23
	1.10-1.37
	1.36
	1.06-1.74
	1.20
	0.98-1.48
	1.54
	1.02-2.30

	Q2
	1.17
	1.05-1.31
	110
	0.89-1.36
	1.26
	1.03-1.54
	1.16
	0.79-1.70

	Q3
	0.98
	0.88-1.09
	1.13
	0.92-1.37
	1.05
	0.86-1.28
	1.33
	0.94-1.87

	Q4
	1
	0.90-1.11
	1.05
	0.88-1.27
	1.02
	0.84-1.24
	1.17
	0.85-1.62

	Q5
	1
	(ref)
	1
	(ref)
	1
	(ref)
	1
	(ref)

	Q6
	0.96
	0.86-1.06
	1.13
	0.96-1.32
	1.04
	0.87-1.25
	1.26
	0.94-1.68

	Q7
	0.94
	0.85-1.04
	1.04
	0.89-1.21
	1.03
	0.86-1.23
	1.36
	1.03-1.79

	Q8
	0.94
	0.85-1.04
	0.99
	0.86-1.15
	1.01
	0.85-1.20
	1.22
	0.95-1.63

	Q9
	0.87
	0.79-0.96
	1.05
	0.92-1.21
	0.94
	0.79-1.12
	1.28
	0.98-1.67

	Q10
	0.92
	0.83-1.01
	1.07
	0.93-1.23
	0.89
	0.76-1.06
	1.41
	1.09-1.82

	BVI
	
	
	
	
	
	
	
	

	Q1
	0.97
	0.85-1.11
	1.05
	0.84-1.33
	0.84
	0.65-1.09
	1.18
	0.82-1.70

	Q2
	0.87
	0.77-0.99
	0.89
	0.71-1.11
	0.81
	0.63-1.04
	0.92
	0.64-1.32

	Q3
	1.04
	0.92-1.18
	0.99
	0.82-1.22
	1.02
	0.82-1.27
	1.16
	0.84-1.60

	Q4
	0.96
	0.85-1.08
	1.02
	0.84-1.23
	0.97
	0.79-1.21
	1.04
	0.76-1.43

	Q5
	1
	(ref)
	1
	(ref)
	1
	(ref)
	1
	(ref)

	Q6
	0.90
	0.81-1.01
	0.95
	0.80-1.13
	0.87
	0.71-1.07
	0.92
	0.69-1.23

	Q7
	1.06
	0.95-1.18
	1.04
	0.89-1.23
	1.04
	0.86-1.25
	1.15
	0.88-1.50

	Q8
	1.05
	0.95-1.17
	0.96
	0.82-1.12
	0.99
	0.82-1.19
	1.11
	0.85-1.44

	Q9
	1.04
	0.94-1.15
	1.07
	0.92-1.24
	1.11
	0.93-1.32
	1.04
	0.80-1.34

	Q10
	1.20
	1.09-1.32
	1.27
	1.11-1.46
	1.15
	0.98-1.36
	1.23
	0.96-1.57
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