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(FE] Br HirsSE & A I E B (HDL-C) /K 5248 ARER LT R R e MAET- Z B C R, IftfE S
S MFET RS A e FE HDL-C MR EESE . ik AT ARIREME AR ST . g8 A 1999 —2018 4F- 26 [ [ ZZ e 5 5
AT (NHANES) H260 %/ 44 16 632 1] #34 HDL-C ¥R BRS04 53 M S 4L . <40 mg/d14H (n=2933) . 40~49 mg/dl
2] (n=4602) . 50~59 mg/dl 41 (n=3824), 60~79 mg/dl 4 (n=3988) F1>80 mg/dl 41 (n=1285), FET-{5 B il id 5 E FIET-H 5L
(NDI) i SR E o SR Cox EL A IRUBS: (1A I BR il 4 37 75 2% B 2% 43T HDL-C 5561 KR i 566, b4 T 20 437 A
BT, R 2RI Cox LB XB AR 7, 5 50~59 mg/dl HDL-C 41 b4, HDL-C<40 mg/dIZH 4:[A%E
T (HR=1.17, 95%CI 1.05~1.31, P=0.006). />Ifil % %€ T-(HR=1.32, 95%CI 1.08~1.58, P=0.001) Fl1E.0> [ 45 5E 1= (HR=1.14,
95%CI 1.02~1.27, P=0.013) XU HH 3 /il ; HDL-C>80 mg/dI4H 4= [HISET-(HR=1.18, 95%CI 1.03~1.35, P=0.027)F1HE.Cr 1155 4L
T-(HR=1.23, 95%CI 1.03~1.46, P=0.029) XU B 234, .00 A6 T JoBH B 52 (HR=1.07, 95%CI 0.88~1.28, P=0.492).
PR 57 RE S 26 4T 7~ , HDL-COKSF-5 & BFET- AR O MAEFET 22 UBSCHE, 5.0 M T 2 R JRCHE, X
BRI R A EAE T | W RS . SRR | O A AR O AT SE T KU AR 5 1 HDL-C 7K 43314 56 mg/dl
(95%CI1 53~59 mg/dl) . 54 mg/dl(95%CI 51~57 mg/dl)F1 59 mg/dI(95%CI 56~62 mg/dl), .20 51 A & BB B Ak i A5 1k . i
M ATEE RS T AR 3 &k TERAEARD, RS HDL-C AT A R T AR O A ST KU, (2
AIEINC A FET A . HDL-C YRR 56 mg/dlf, APHIFET XU fR A%
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[Abstract] Objective To investigate the association between high-density lipoprotein cholesterol (HDL-C) levels and all-
cause and cause-specific mortality in the elderly population, and to determine the optimal HDL-C concentration range associated with
the lowest mortality risk. Methods This prospective cohort study included 16,632 elderly individuals aged =60 years from the
National Health and Nutrition Examination Survey (NHANES) between 1999 and 2018. Participants were divided into S groups
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based on HDL-C levels: <40 mg/dl group (n=2933), 40-49 mg/dl group (n=4602), 50-59 mg/dl group (n=3824), 60-79 mg/dl group
(n=3988), and >80 mg/dl group (n=1285). Mortality data were obtained by linking records with the National Death Index (NDI).
Cox proportional hazards regression and restricted cubic spline curves were used to analyze the association between HDL-C and
mortality risk. Subgroup and sensitivity analyses were conducted. Results Multivariable-adjusted Cox models showed that,
compared with 50-59 mg/dl HDL-C group, HDL-C<40 mg/dl group had significantly higher risks of all-cause mortality (HR=1.17,
95%CI 1.05-1.31, P=0.006), cardiovascular mortality (HR=1.32, 95%CI 1.08-1.58, P=0.001), and non-cardiovascular mortality (HR=1.14,
95%CI 1.02-1.27, P=0.013). HDL-C>80 mg/dl group had significantly higher risks of all-cause mortality (HR=1.18, 95%CI 1.03-1.35,
P=0.027) and non-cardiovascular mortality (HR=1.23, 95%CI 1.03-1.46, P=0.029), but no significant effect on cardiovascular
mortality (HR=1.07, 95%CI 0.88-1.28, P=0.492). Restricted cubic spline curves revealed U-shaped associations between HDL-C and
all-cause/non-cardiovascular mortality, and an inverse J-shaped association with cardiovascular mortality. These patterns were
consistent in both elderly men and women. The HDL-C levels associated with the lowest risk were 56 mg/dl (95%CI $3-59 mg/dl) for
all-cause mortality, S4 mg/dl (95%CI 51-57 mg/dl) for cardiovascular mortality, and 59 mg/dl (95%CI $6-62 mg/dl) for non-
cardiovascular mortality. Subgroup analyses showed no significant effect modifications. Sensitivity analyses confirmed the primary
findings. Conclusions

In the elderly population, extremely high HDL-C levels increase the risks of all-cause mortality and non-

cardiovascular mortality, but do not elevate cardiovascular mortality. The risk of all-cause mortality is the lowest at an HDL-C

concentration of 56 mg/dl.
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RIS TR, e 2 i A I
(high-density lipoprotein cholesterol, HDL-C)7K-5 4=
PIAE T AL M A8 AT T 22 B G i A OG0 SR, i
Y Bl AL XT BR 3R 58 (randomized controlled trials,
RCTs) MIAZE I I FE X 1 i o] SCHRFE 1 i B
Bl n, R4 [ P I B2 A% 2R T (cholesteryl ester
transfer protein, CETP) #1Jl #il 77 F1 4 i /€ P . 2 =
HDL-C /K-, {H ik 6 Fi it I A et O 1L 45 )R
LA AT BRI A AE T KU, AR BEAL LT
FEARE B, FoLb 55 HD-C KA Ay s L A8 57
A5 AR o RGBS AR DG, T B TR A T 9 2
WA R, HDL-C K- FhiE 5 ZFhAS RAEFRZS 5
FAAERER, A5 O M RGPS . BRI
VERRE . R E AT A, ZIETREYE A
PR A A R, HDL-C /K- 53558 AR i 2 R SE T
AL M A SE T AFAEAR AR U BLOCHE, B HDL-C K
S AR a4 T R R AR T XU P

AR, 2 A Rgi i s HDL Aok 4H 73
(N AL ZRIEIE RGN . BIRHE N E & =R
i, MLYEJE M RR AR (A FILAMA C3 S B3 IINSE), ek
7% HDL W45 A AT RE , 5 0l A H ] P 538 ) 5 0
PR BT E AL S A B AR i PR S, PR
HDL-C /K V-5 ZHFE NHIC TR Z MM KR, TFifiE
VAR By NI e E HDL-C W EEJL R, XF AL T
ARG R SE B LA S X SR, BEAERFR R 2
LEPTERFE SR ARE, B X2 A0 RGME
WH5E. wehh, BEAEBFSE 2 G EIRKF- HDL-C 53ET:
FMOCER, XK 7K F- HDL-C F 52 0 i AN 48
PR, A BF 90 R 56 I 4 [l B A 57 O A

(National Health and Nutrition Examination Survey,

high-density lipoprotein cholesterol; elderly; all-cause mortality; cardiovascular mortality

NHANES) B9 508, ##5iF=60 % AR h HDL-C /K F 5
SRIET KRR T Z MK R, e S
FARFET XU HH DG 1) fe fHE HDL-C MR BV

1 BARSAEZE

1.1 BERIEMB S ARE  NHANES J&— i i 55 [
FE % A ST 0 (National Center for Health Statistics,
NCHS) F1 3£ [ % 9% ¥ #i 55 71 B 1 0> (Centers for
Disease Control and Prevention, CDC)FF & FlZEH 1Y 4>
ERERN A, RHZH B Z MR T2,
B FE R e e [ A N O A s . AR SRR T
1999—2018 43k 10 /> 9] A5 J&l 1 ¥ $5 4% . NCHS 12 3
B 2 B L UE T A NHANES J 3] 19 16 B A
A AR S 58 & B SR E . #F 101316 &4 0F
FXTGT, HERRAE I <60 % (n=83 521) . BBl 1%k
it (n=34) B 5k I HDL-C B4 (n=1129) FIAMA, e
YN 16 632 #4260 % LRI T 08T

1.2 HDL-C K Vil i 7% HDL-C ¥ & R H
Roche/Hitachi Cobas 6000 43811 7E ] JE 7 ik Koy S i
TR . HR A HDL-C ¥ B2 5506 T A i o8 X 42
N SH: <40mg/dl (n=2933). 40~49 mg/dl (n=4602).
50~59 mg/dl(n=3824). 60~79 mg/dl(n=3988)#1>80 mg/dl
(n=1285). LABLT AU £ Ik 1Y) HDL-C /K V- 44 R 2
JISEIE I

1.3 IfIRZ S fahs AR ERE R IE T NHANES
ISHEEEEAE T AR, B E 20194F 12 1 31 H .
T2 A A HE R DT R L 5 NCHS 1Y B AT 45 5K
(national death index, NDI)SC/F#EHZ . FET ) RAR H
[ PR 4325565 10 il (ICD-10) HEA T8 78 I BB i
AU M FET R SR BET O I 9 i 1045 5
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ERISET
L4 PVEE e ARS A E Bl AL B
VIRARGEEE , AR . PR AP . WO AR
PRI (R PRy 26, — IR e S 20
355 ml MUY | 148 ml 5 %5 14 51 44 ml ZU) o W4
EPOKIE . BKFE . B R AR [ TR SR R AL
(BMI) J7ER shAG A i I ik o R DR 5 Sy 25 M
BE>7.0 mmol/L, &5 2 h ME>11.1 mmol/L ., HEfL 1L
217 1 (HbA, ) >6.5% 5 fft FH i 5 28 5l F1 IR bk 24 .
P B RS 1 R Ak A B /N BRI I % (estimated
glomerular filtration rate, eGFR)<60 ml/min, RIS
Zop 18 P BH ZE PE Bl % 9K (chronic obstructive
pulmonary diseases, COPD)%HHEP@ i E 2 WAt )y
LTI o B ) DEAR ALY T 28 245 9 1y £ T 15 10 3
AL TT 2GR PR A AT o AL, IR R A A [
I (low-density lipoprotein cholesterol, LDL-C) 1 H i
— TR (triglyceride, TG )¢ B3 i IMAEAGIN R4S o
L5 SEitsEab 3 SR RS (A 4.32) Fil
EmpowerStats (X&Y Solutions, Inc., & ﬁﬁ‘{zlﬁ FEM P+
1) 56 . % T NHANES & 24t (AERE . o
JZ . JCRLEBER A AR, A BT
JZ . WIS FIHE A THECORH LAY
$[9s9% BAFIX I (CD) RN, THEFORH A 73 H
(95%CI) 7N o FELAFFAE 19 22 530 i AL 2 1 [l ) g
KL KB AT LU . SR B R s X IR 2 T
fAkhL AL

K Z K 2R Cox Fo A KUK [P ARY - Afi 1A ]
HDL-C 7K~V 15 42 (R T K J5t R AR S P A8 1 1) XURS: e
(HR) It FE 959%C1, W BEAF Y . 5] . A% . BMI,
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Wi e . FFak . IR TR . BRI L SO . AR
o OB . MRS . COPD. P . LDL-C.
TG. eGFR. FTa]VCARAMLTT I HIE L. 6T
PR HDL-C Pk B T34k, 3 B v A
PEVEAT AT o WA 5] ARUR R H I, 5k
15 1 HDL-C 7K - 5 & P A8 5 60 8 172 KU 19 3¢ A
Fo R FIBR M 3 YoRE 2k il 265 HDL-C /K V- 5 E
TR Z R - RN G FR 5 e ARAE T KU A G
A HDL-C ¢ i 3 i i £k I 5 fik HR{E A2 , L 95%CI
i 3 500 YR FE SR AEAE o SRR S BT 7E HE SR B 7 B
<12 H 3, DARAERERL it — 25 P04 BRI
WG T, P<0.05 WERALIERE X,

# R

2.1 A HDL-C /K- ARFRERARIE AW 583l
A166324 2 5%, IAUGFRL 5100 J7 56 [H 2 4F
No ANBEFI4ERS N 70.1 4 (95%C1 69.9~70.3), H
45.0% N B (95%CI 44.3%~45.8%) . 1EFRBET] 8.1 4F
Wira), & A 6140 1] (36.9%) 4 R FE T, 2053 fl
(12.3%)-00 I8 HE T F11 4087 191] (24.6% ) AE L LA LT .
1R T AIA HDL-C 7K V- AN RE IR ZR AR AE . B>
A HE Y- 45 HDL-C 7K *F- 2 $5.2 mg/dl (95%CI 54.7~
55.7), oMk AY HDL-C /K ¥ (60.3 mg/dl, 95%CI 59.7~
60.9) B & = T % 4 (49.0 mg/dl, 95%CI 48.4~49.6)
(P<0.01). 5 HDL-C /K-FHAK A MAAH L, HDL-C
>80 mg/dl FAMA 5 7.7% , JLARIS TR, Lot AEED
B01 7 = = NI = 1 [ 0= I QT B A A AT T]& B8 A
TGACEHEAR, et . BEIRIG . A rhoRIIE 4 B ke
s 11 FE T R A1 (P<0.0001 ) o

2.2 HDL-C 54 RBET-FE RSB T A S0k

(S

&1 HZHDL-C 4 I AEFELRHIE

Tab.1 Baseline characteristics of individuals by HDL-C categories

- <40 mg/dl 40~49 mg/dl 50~59 mg/dl 60~79 mg/dl >80 mg/dl

(n=2933) (n=4602) (n=3824) (n=3988) (n=1285)
HDL-C [mg/dl, ¥J40(95%CI)]  34.0(33.8,34.2) 44.5(44.3,44.6) 54.2(54.0,54.3) 67.9(67.6,682)  90.7(90.0,91.3)  <0.0001
RIS 2, ¥950(95%CT) ] 69.4(69.1,69.8) 69.8(69.5,70.1) 70.2(69.9,70.6) 70.6(70.2,70.9) 70.4(69.9,70.9)  <0.0001
BHE[%(95%CI)] 72.3(70.0, 74.4) 57.9(56.2,59.5) 40.4(38.3,42.6) 27.8(26.2,29.6) 19.7(17.2,22.6)  <0.0001
Fhi%[%(95%CI)] <0.0001

B EH A 79.1(76.5, 81.5) 78.3(76.0, 80.4) 78.3(75.9, 80.5) 80.0(77.9, 81.9) 81.7(78.6, 84.4)

BB RN 5.4(4.5,6.5) 7.1(6.2,82) 8.7(7.4,10.1) 9.6(8.4,10.9) 11.1(9.2,13.2)

VEHE 9.4(7.8,11.2) 8.8(7.3,10.7) 7.8(6.6,9.3) 6.0(5.0,7.1) 3.4(2.5,4.6)

HoAb i 6.1(4.8,7.8) 5.7(4.9,6.7) 5.2(44,62) 4.5(3.7,5.3) 3.9(2.9,5.2)
BMI[H%(95%CI)] 30.7(30.4,31.0) 30.1(29.8,30.4) 29.1(28.9,29.4) 27.7(27.5,280)  25.3(24.9,25.8)  <0.0001
e s [mmHg, Y% (95%CI)] 134(133, 135) 135(134, 136) 136(135,137) 136(135, 137) 137(135, 139) 0.063
#F 5K [mmHg, B150(95%CI)] 68(67,69) 68(67,69) 68(68,69) 69(68, 69) 69(68,70) 0.516
Jik 4 [YK /min, ¥55(95%CI) ] 70(70,71) 70(69, 70) 70(70,71) 70(70,71) 70(69,71) 0.470
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{2}

<40 mg/dl
(n=2933)

40~49 mg/dl
(n=4602)

W2 5 1 [% (959CT)]

MR AR 39.9(37.2,42.6) 47.9(45.8, 50.0)
REQ] 44.2(41.3,47.2) 39.5(37.8,41.3)
HTIAR 15.9(13.9,18.1) 12.6(11.4,13.8)

AR [9% (95%CI) ]

AN 26.4(24.2,28.8) 23.6(21.8,25.6)

B JEl<1 R 53.4(50.2, 56.6) 54.4(51.8,56.9)

FES1R 20.1(18.0,22.3) 22.0(20.2,24.0)
T [% (95%CT)] 23.4(21.5,25.3) 18.2(16.7,19.9)
A9 (95%CI)] 10.3(8.8,12.0) 8.0(7.0,9.1)
BEIRIF[% (95%CI)] 32.8(30.6,35.1) 23.8(22.1,25.6)

T B AR [% (95%CI)]
COPD[% (95%CI)]

JithJ3 (% (959%CI)]

25.1(23.3,27.1)
12.0(10.1, 14.1)
23.5(21.3,25.9)

23.8(22.3,25.5)
10.8(9.5,12.1)
23.7(22.0,25.5)

(8 %)
50~59 mg/dl 60~79 mg/dl >80 mg/dl B
(n=3824) (n=3988) (n=1285)
<0.0001
52.4(50.1, 54.6) 55.2(53.0,57.4) 51.8(47.8,55.8)
36.9(34.7,39.1) 35.3(33.3,37.4) 38.6(34.7,42.7)
10.7(9.5, 12.1) 9.4(8.2,10.8) 9.6(7.6,12.0)
<0.0001
22.4(20.5,24.5) 19.3(17.6,21.1) 15.9(13.4,18.7)
53.4(50.9, 55.9) 57.7(55.6,59.7) 62.9(58.3,67.4)
24.2(22.3,26.3) 23.1(21.5,24.7) 21.2(18.1,24.8)
12.7(11.3,14.2) 9.8(8.4,11.4) 7.7(5.9,9.9) <0.0001
7.2(6.2,8.4) 5.6(4.8,6.5) 6.8(5.2,9.0) <0.0001
17.0(15.6,18.5) 11.6(10.5, 12.9) 6.1(4.8,7.8) <0.0001
21.1(19.6,22.7) 20.0(18.6,21.5) 17.5(14.7,20.8)  <0.0001
8.8(7.6,10.1) 10.0(8.7,11.5) 11.0(8.8, 13.6) 0.045
22.6(20.9,24.4) 22.2(20.5,24.0) 25.3(22.3,28.5) 0.398

LDL-C[mg/dl, %1 (95%CI)]
TG[mg/dl, ¥J%(95%CI)]
eGFR [ml/min, ?J%4(95%CI)]
B =] DEAR[9% (95%CI)]
HhITHZ54 (% (95%C1)]

73.2(72.2,74.1)
25.9(23.0,29.1)
43.1(40.2,45.9)

73.9(73.0,74.7)
24.4(22.3,26.7)
42.5(40.4, 44.5)

246.7(239.3,254.1) 172.5(168.8,176.2) 141.8(138.8,144.8) 113.7(111.5,116.0)

101.6(99.3,103.9) 113.0(111.3,114.7) 114.4(112.7,116.1) 115.3(113.8,116.9) 113.5(110.7,116.2) <0.0001

91.4(88.5,94.3)  <0.0001
77.4(75.9,78.8)
22.6(18.5,27.2) 0.152

27.6(24.3,31.1)

75.3(74.5,76.2) <0.0001
22.6(20.6,24.6)

38.6(36.5,40.7)

75.7(74.8,76.6)
22.4(20.2,24.8)

33.3(31.2,35.5) <0.0001

HDL-C. i % R 8 NSRS ; BML (A5 %L; COPD. 18 FHEEMENTSSN ; LDL-C AR AR (MR TG, Hih =B eGFR %
B/ NERuE I T ORI (95%CI) R, HHETERUIALE 43 H% (95%CL)FR

275 5L Cox LA XU BRI G5 R s, 7E4PA
FlH, 5 HDL-C 7K F K 50~59 mg/dl A 4 A A1 1L,
HDL-C>80 mg/dl 1) MA 4> A JE T (HR=1.18, 95%CI
1.03~1.35) AR OIMAEFET - (HR=1.23, 95%CI1.03~1.46)
RIS BR S B4 i, O I 4 BB TS (HR=1.07, 95%CI
0.88~1.28) XU oA UL BH @ 388 o 431 X6 58 14 AN £ ik
78T, @8R8 ERES, &R, O
FET-FIEE L M4 FE T 19 HR 43 %1 M 1.33(95%CI 1.02~
1.65), 1.06(95%CI 0.78~1.40) F1 1.37(95% CI 1.02~
1.765 FEetErf, AR A HR Y50 1.17(95%CI 1.01~
1.35), 1.10(95%CI0.84~1.44)F11.20(95%CI 1.02~1.39)
(K1),

BE i3 T e A it 4 k7R, HDL-C /KPS
S RBET- AR O A FET KU 52 U B SCHG, 150
MAEFET R JRIOCHK, SEARERIET: . LI
T2 AR O 48 T XU AH & ) HDL-C ¥R BE 4351
56 mg/dl(95%CI 53~59 mg/dl). 54 mg/dl(95%CI S1~
57 mg/dl) Fl 59 mg/d1(95%CI 56~62 mg/dl); 7E 54 F1
PR IRER BN A A 3R - B AR (18] 2)
2.3 HDL-C 54 FFET A5 R4 S S0 T SCEK (1) 3
HorHT FEFRATIS . MBI LDL-C/KF . SO At
PRI Z L 53T, 7K F HDL-C(>80 mg/dl)
5 AT MR R AR T 1) 6 R AR R — 8, K

S B S RN AR (P>0.05) (1 3)

2.4 HDL-C 54 RALT F RS S PESE T Y Rt
OINT RN B DR R ORI i 4, HESR BE U5
<2 AMZHHR, SRR 1o,
% S FRI T RETH R HDL-C K-, i — b AE A5 Al v
PR TAMARTE 120 H N Rl i, S55R S 2
Pr—2 (K 4).

3 it it

T3 H e EARIED I BAF, A0 5T I F
HDL-C /K V-5 24 AR & L O I FEEO L4
FET-Z AR S AR LR OCE. . HARINT S, HDL-C
K5 PAET- AR MATFET -5 UROCEE, 50
AT 2R JRISCHK . S 9 HDL-C 7K F- (>80 mg/dl)
54 RAET- MR M A ST RSB AR OE, [HAR
AP MAEFET RS . RO AR 2 AE PR
R —8 SR FE AT XU A 5C 1) HDL-C
e R 56 mg/d1(95%CI 53~59 mg/dl) . A5 45 it
—HIE SE W% 7R 1Y HDL-C 7K 7 1] %o it B 7= A A 5 5
M, X5 HDL-CAE S8 A9 O I P 3 4 TR A et B ok
L, $R 7R TE I PR S e Hh 75 28 J 8 A 400 HDL-C 198 3
P

PAEERFFE W, HDL-C /K- S5 56T XU 22 8] 47
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HDL-C EIN B ok
(mg/d1) AEHG/BETT HR(95%CI) TEIG /56T HR(95%CI) TR /6T HR(95%CI)
SRBET:
<40 1706/1227  1.17(1.05~1.31) —— 1247/928 1.14(1.02~1.26) 459/299  1.30(1.07~1.59) ——
40~49 2846/1756  1.11(1.02~1.22) - 1632/1141  1.09(0.96~1.24) 1214/615  1.15(1.01~1.30) —a—
50~59 2490/1334 Reference 1062/651 Reference 1428/683 Reference [m]
60~79 2632/1356  1.01(0.91~1.13) 787/516 1.10(0.95~1.28) 1845/840  0.99(0.85~1.13) —#—
=80 818/467  1.18(1.03~1.35) —a— 181/142  1.33(1.02~1.65) 637/325  1.17(1.01~1.35) ——
D AET
<40 2490/443  1.32(1.08~1.58) —a— 1848/327  1.16(1.02~1.35) 642/116  1.35(1.02~1.68) e a—
40~49 4025/577  1.08(0.92~1.27) 2397/376  1.00(0.85~1.20) | 1628/201  1.15(0.92~1.40) —
50~59 3363/461 Reference 1476/237 Reference 1887/224 Reference [m]
60~79 3557/431  1.00(0.86~1.14) 1145/158  1.00(0.75~1.25) ‘ 2412/273  097(0.76~1.19) —&—
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Fig.1 Cox proportional hazards regression analyses of the association between HDL-C and all-cause and cause-specific mortality among
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Fig.2 Restricted cubic spline curves of the association between HDL-C and all-cause and cause-specific mortality among the elderly
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Fig.4 Sensitivity analyses of the association between HDL-C and all-cause and cause-specific mortality among the elderly
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