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Analysis of the correlation between serum 25-hydroxyvitamin D and all-
cause death and cardiovascular disease in patients with chronic kidney
disease based on NHANES
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Abstract: Objective The 25 (OH)D deficiency is a prevalent issue among patients with chronic kidney disease (CKD). The
aim of our study is to investigate whether low levels of 25 (OH)D are associated with increased all-cause and cardiovascular
mortality in patients with CKD. Methods This retrospective cohort study utilized the National Health and Nutrition Examina-
tion Survey (NHANES) and the National Death Index (NDI) 2007—2018 database to investigate the association between 25
(OH)D levels and all-cause mortality as well as cardiovascular mortality. A total of 2 668 eligible subjects were included in
this study, with follow—up conducted until December 31, 2019. Cox proportional hazards regression, restricted cubic spline,
Kaplan—Meier survival curves, and competing risk survival analysis were performed to evaluate the associations. Furthermore,
subgroup and sensitivity analyses were performed. Results During a median follow—up of 6 years in a weighted population of
11 715 452 eligible participants, there were 665 deaths from any cause, including 196 cardiovascular—related deaths. After
adjusting for covariates, lower levels of 25 (OH)D were significantly associated with increased risks for both all-cause (HR=
0.85, 95%CI: 0.77-0.94) and cardiovascular mortality (SHR=0.80, 95%CI: 0.67-0.94). Consistent results were also observed
when analyzing 25 (OH)D as a categorical variable (quartile) (both P<0.05). Weighted restricted cubic splines revealed an in-
verse J—shaped association between levels of 25 (OH) D and all-cause mortality (P> 0.05). Subgroup analysis (P,eueion>0.05)
and sensitivity analysis (HR=0.85, 95%CI: 0.77-0.93) yielded similar findings. Conclusion Lower 25 (OH)D levels, both as a
continuous and categorical variable, are significantly associated with an increased risk of all-cause mortality and cardiovascular
disease—related mortality. The 25(0H)D has a negative j—shaped association with all-cause and cardiovascular mortality.
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Table 1 Baseline characteristics of patients with CKD grouped according to 25(OH)D quartile in NHANES, 2007—2018

[(;cis) 9”1(%),M(P25’P75)]

ok Q1 Q2 Q3 Q4
25(0H)D (nmol/L) - (0~45.90)  (>45.90~58.50) (>58.50~78.60)  (>78.60) FHIYE PIE
(n=2 668) (n=670) (n=667) (n=670) (n=661)

e 11715 452 2616264 2943 814 2999 357 3156017
I (%) 55.24 +0.46 54.93 +0.90 54.05 +0.77 55.08 +0.91 56.76 = 0.80 21.348  <0.001
PE5 24352 <0.001

e 1 394(54.69) 384(59.97) 364(58.48) 352(55.47) 294(45.84)

b 1274(45.31) 286(40.03) 303(41.52) 318(44.53) 367(54.16)
Filrjice 161.595  <0.001

BPEFEREA 496(13.17) 118(13.86) 136(14.27) 130(13.58) 112(11.27)

PP E RN 830(20.61) 299(35.29) 241(23.95) 160(14.63) 130(11.18)

VP A 823(51.83) 137(37.76) 173(48.71) 226(54.16) 286(63.89)

HAbHr % 266(6.57) 64(6.22) 53(5.08) 86(8.94) 63(6.01)

HAb A 253(7.82) 52(6.87) 64(7.99) 68(8.69) 70(7.64)
ARG 2.486 0.220

JEEEAR 377(11.11) 74( 8.96) 103(12.36) 104(12.63) 96(10.45)

ES YN 2 283(88.64) 594(91.04) 562(87.64) 562(87.37) 564(89.55)
i 9.675 0.020

g 340(12.95) 87(13.01) 85(12.32) 81(13.71) 87(14.13)

SRR 163(6.80) 43(6.20) 35(6.98) 47(9.04) 38(5.70)

&N/ 1 185(47.59) 251(42.47) 303(48.33) 298(47.90) 332(55.31)

EN 351(13.83) 125(19.35) 88(14.73) 82(12.70) 56(10.94)

Vo 120( 3.46) 42(5.71) 29(3.53) 27(3.17) 22(2.17)

ef 417(12.77) 95(13.27) 107(14.11) 110(13.49) 105(11.75)
e I 8.805 0.010

7 856(36.35) 189(29.55) 211(34.83) 239(40.25) 217(39.85)

2 1 812(63.65) 480(70.45) 456(65.17) 431(59.75) 444(60.15)
WG 4.687 0.080

7 1 482(58.99) 351(54.17) 367(56.94) 378(60.80) 385(62.96)

2 1186(41.01) 318(45.83) 300(43.06) 292(39.20) 276(37.04)
CVD 2.667 0.180

i 1925(75.19) 467(72.80) 492(78.74) 491(79.27) 475(77.69)

2 653(22.25) 176(27.20) 156(21.26) 156(20.73) 164(22.31)
HERE 10.427 0.040

LR 444(11.02) 93(8.98) 107(10.81) 128(12.21) 116(11.88)

e 512(16.33) 155(21.21) 127(15.96) 111(15.41) 119(13.70)

[SLUY 1707(72.51) 421(69.81) 430(73.23) 430(72.38) 425(74.42)
BMI (kg/m?) 31.55+0.24 32.37+0.40 31.92+0.52 31.60 + 0.54 30.50 + 0.42 11.650 0.010
Rt ] () 72.75 +1.27 73.28 +2.40 72.50 +2.46 74.01 = 1.81 71.70 +2.53 2.400 0.740
FA 1A (10%71) 7.73+0.10 7.53+0.10 8.05 +0.32 7.62 +0.10 7.70+0.11 11.777  <0.001
MELA A (g/dl) 13.81 £0.05 13.42£0.10 13.82 +0.09 13.82 +0.06 14.13 £0.10 12.814  <0.001
ALT (U/L) 25.66 +0.79 2778 +3.12 2650 +1.33 24.61 +0.81 24.17 +£0.58 8.446  <0.001
AST (U/L) 26.70 + 0.61 30.16 +2.41 2733+ 1.15 25.14+0.53 24.78 +0.45 10232 <0.001
Th (wmol/L) 11.24+0.13 11.52+0.32 11.17 £ 0.27 10.77 £ 0.23 11.55+0.27 7.165  <0.001
ALP (mmol/L) 76.54 +0.76 7921+ 1.36 76.91 + 1.44 78.48 +2.22 72.17 + 1.06 45.016 <0.001
HEH (/L) 41.17 £ 0.10 40.12 +0.20 41.25+0.20 41.37+0.16 41.93£0.17 8.696  <0.001
JUUBT (umol/L) 95.55 +2.36 96.96 + 3.20 96.83 + 5.04 9239 +2.83 95.90 + 4.49 8433  <0.001
PRTA (umol/L) 350.54 +2.71 357.45 +4.42 347.67 + 6.10 346.19 + 4.74 351.86 +5.16 14431  <0.001
JR 2% (mmol/L) 5.81£0.08 5.77+0.19 5.72£0.17 5.68+0.13 6.01+0.16 9465 <0.001
i (mmol/L) 1.21£0.01 1.20 £0.01 1.22£0.01 1.20 £0.01 1.19£0.01 25402  <0.001
415 (mmol/L) 2.34 +0.00 2.32+0.01 234 £0.01 2.34+0.01 2.35+0.00 7550  <0.001
HDL-c (mmol/L) 1.29+0.01 1.36 +0.03 1.28 +0.02 1.27 +0.02 1.27 +£0.02 7.021  <0.001
LDL-c (mmol/L) 2.83£0.03 2.87 £0.07 2.76 £0.07 2.92+0.07 2.79 +0.06 11.346 0.008
eGFR [ml/(min+1.73 m)] 82.98 +0.92 83.60 % 1.73 85.00 + 1.64 83.09 £ 1.72 80.75 £ 1.61 15903  <0.001
UACR (mg/g) 268.95+2559 415367813  294.51+51.41  22374+3235  171.50 +22.90 11.777 0.004
2 E 2 D(meg) 8.50 £0.28 6.43 +0.34 8.26 +0.51 9.07 £0.57 9.67 £0.57 13330 <0.001
CRP(mg/L) 0.28(0.12,0.67)  0.37(0.13,0.75)  0.29(0.14,0.66)  0.23(0.12,0.57)  0.27(0.13,0.64) 1.060 0.210
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Figure 2 Kaplan—Meier analysis of all-cause death based on 25

(OH)D quartiles
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Figure 3 Cumulative incidence of CVD deaths based on the

competing risks analysis
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Table 2 Association of 25(0H)D with all-cause mortality (Cox regression model) (n=2 668)

KA AT R 1 F5iA 2
25(0H)D . . 3
HR(95%CI) P HR(95%CI) P HR(95%CI) P
FHEIN—FREZE  0.92 (0.85 ~ 0.99) 0.022 0.82 (0.76 ~ 0.89) <0.001 0.85 (0.77 ~ 0.94) 0.001
iES
Q1 Z Z: M Z:
02 0.83 (0.68 ~ 1.02) 0.084 0.84 (0.68 ~ 1.04) 0.116 0.9 (0.7 ~ 1.16) 0.423
03 0.73 (0.59 ~ 0.9) 0.004 0.63 (0.5 ~ 0.79) <0.001 0.71 (0.54 ~ 0.93) 0.013
04 0.83 (0.67 ~ 1.02) 0.080 0.64 (0.51 ~0.79) <0.001 0.72 (0.55 ~ 0.94) 0.014
R PE 0.036 <0.001 0.006

T s AR T MR S VAT A s s MR 1 AR 1) AE S R BMILCVD | 755 I FIDBE FR 78 ATV 5 AT 2 1) AE WS PG . BMIL,
HH.CVD ST ARG AT ER (H ALT AST Th  ALP HZR (A LR JRER JRZE B 55 HDL-c .LDL-c.eGFR \UACR J&&4E/EE D .CRP,

£ 3 25(0H)D 5 CVD JET-RAYK FR Gu S KU 1)
Table 3  Association of 25(0OH)D with CVD mortality (competing—risk model)

AL IE Y T 1 A 2
25(0H)D
SHR(95%CI) P8 SHR(95%CI) PIE SHR(95%CI) P&
RHEA—FREZ 0.79 (0.68 ~0.92) 0.003 0.80 (0.69 ~ 0.92) 0.002 0.80 (0.67 ~ 0.94) 0.005
1
Q1 e Z:H Z: 1
02 0.68 (0.45 ~ 1.02) 0.060 0.69 (0.47 ~ 1.01) 0.057 0.67 (0.33 ~ 1.35) 0.260
03 0.66 (0.44 ~ 1) 0.051 0.65 (0.44 ~ 0.96) 0.029 0.52 (0.25 ~ 1.07) 0.076
04 0.52 (0.34 ~ 0.79) 0.002 0.55 (0.37 ~ 0.82) 0.003 0.470 (0.22 ~ 0.98) 0.044
S P 0.003 0.004 0.055

Al 2,
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Figure 4 Restricted cubic spline model for the associations

between 25(0OH)D and all-cause mortality
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Filke 0638
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Figure 5 Forest plot for subgroup analysis of association

between 25(0H)D and all-cause mortality

R4 HEBRIT L 12 H AHESZENTY CKD B S 25(0H)D 52 FET RN R (=2 621)
Table 4 Association between 25(0H)D and all-cause mortality after exclusion of CKD patients who underwent dialysis in the past 12
months (n=2 621)

AL IEAGEAY A 1 50 2
25(0H)D
HR(95%CI) PAE HR(95%CI) P{E HR(95%CI) PiE
BHEIN—FREZE 0.91 (0.84 ~ 0.98) 0.012 0.80 (0.74 ~ 0.87) <0.001 0.85 (0.77 ~ 0.93) 0.001
s
Q1 Z: Z Z:
Q2 0.82 (0.66 ~ 1.01) 0.066 0.79 (0.63 ~ 0.98) 0.035 0.9 (0.7 ~ 1.16) 0.414
Q3 0.81 (0.66 ~ 1.01) 0.057 0.61 (0.48 ~ 0.76) <0.001 0.71 (0.54 ~ 0.93) 0.014
04 0.71 (0.57 ~ 0.89) 0.002 0.59 (0.47 ~ 0.74) <0.001 0.7 (0.54 ~ 0.91) 0.008
R PE 0.024 <0.001 0.003
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