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Abstract

Objective: The relationship between vitamin C levels and the risk of kidney stone formation remains
controversial. This study aimed to investigate the association between serum vitamin C concentration
and kidney stone occurrence. Methods: A cross-sectional analysis was conducted using data from
the 2017~2018 National Health and Nutrition Examination Survey, comprising 4932 participants.
Serum vitamin C concentrations were measured by ultra performance liquid chromatography. The
prevalence of kidney stones among participants was determined through self-reported question-
naires. Segmented regression analysis identified a serum vitamin C threshold value of 1.69 mg/dL,
the significance of which was confirmed by a log-likelihood ratio test. Subsequently, three logistic
regression models were constructed to examine the effects of excess (21.69 mg/dL) versus non-ex-
cess serum vitamin C on kidney stones. Stratified analyses were conducted to evaluate the applica-
bility of these models across different populations. Results: The prevalence of kidney stones among
participants was 10.22%. A U-shaped relationship was observed between serum vitamin C concen-
tration and kidney stone prevalence, with a threshold identified at 1.69 mg/dL. Below this threshold,
each unitincrease in serum vitamin C concentration decreased kidney stone incidence by 29%. Con-
versely, above this threshold, kidney stone prevalence was positively correlated with serum vita-
min C concentrations. Conclusions: This study identified a nonlinear relationship between serum
vitamin C concentration and kidney stone risk, indicating that both excessively high and low serum
vitamin C levels are associated with increased risk. These findings underscore the importance of
maintaining appropriate serum vitamin C levels for kidney stone prevention; however, further clin-
ical studies are required to validate our conclusions.
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B A — Al LRI PR R GE0, LR RAESEE B 1994 SELICRE EJF, WA 20 A 1 ASEhn
B 1L NF L N[L]e AEABRVEE A, ASFEEERS . MERAMEE R SR R e 25, ek B2 ETHES
[1]-[4]. BEE BRI, WA ARG R H i, B B AT A 52 1 n[s] .

YEER Co IRPURNIR, 2 FoKEtE4EE R, NMATIEBTEM, HEHEEaYRmALs]. 4ER
C N EAE L ME RN, ORI RENRI. S 5RIEEANEGHR. HRAE RS
RELAS BA FUEAAERI[7]. Rk, fRIFRWHIGEA R C SN T-LERr B A BEMI TS 2 R 2 50 B L

AR, 22U SR WIGEL 3R C X B &4 MK R AT (R ERI[8] [9]. NIRRT —#H Z IR AR, &
ATEAT 1 SCRRIEIE . RTA, FERIBUCHER G, BATEIR T4e42 3 C 58 4h 1Ak REIG KR 748 RIF
A—E, BB LT JE[8]-[15]. Kk, FATHIA 2017~2018 475 [ 4= [F g Fe A E Fr Ao A
A (NHANES)%itdls, #R 1 1 MIS4EA 3R C W15 B 4l A 2B XURG: 22 T) R R K
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2. AR GE
2.1. FAAE

NHANES 2 E 5 PAGi it ifr0(NCHS) AT I — T E 2R & H , B EVFAL S E A 1R RR LA
BRI H T3R5 NCHS (Bl f &5 = M ltit, FrE S 5# WS T AEREY. DIH®KSE T
ITZ N OV GEH 8E  RAR A A St = M, S8 BEAR SC I 1) S A1 AL J7 2457 5. i #diE 39 T AAE CDC
H 77 https://www.cdc.gov/nchs/nhanes/ 3k X . FATT3RHX 2017~2018 44 [H {g FREAIE 745 25 1 & (NHANES)
%, FREH R #AF 4.1 A EmpowerStats 4.0 Xt N 2k £ 347 nT AR 23 B . BRATITE 7844 9254
Y5 5H R T, EHERREUD B S50 $0E (n = 3685) Rk /b i iE 4k K C Bl (n = 637) )5, A&
KONTALEE 4932 42 5% (14 1).
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Figure 1. Flow chart of study participants
E 1 ARSSENANRIZE

22. RBMER

MiE4EAE R C WEMNE: MiG+H 44 R C ik UPLC 5HALERMITE 450 mV FillE, A
MPA BRI R e 4EE 3R C, SRIGTE C-18 SAHAE FyE S FE i IF 5 W ARPIEAT LA L £ o

B8 s me X BATEE MG K E 2 5% KNS IERROL.  “Ever had kidney stones? ” #
T B B SR, B2 5 R% “2&7 WO B 45 - B85 A KR AR BT A8 R AL & .
DAL A 78 C 2 Bk 1 )25 T 200 B FRAR s B 45 A0 SL T Stk . i, Curhanl 5 ABENLH & T 60 4
HIRME G S LIS 550, 458 97%HR IR RIS A 3% BIHIE W4 f
IXSCHF T AE NHANES S5 R RIUBAAT s 22 A 2 v B e o 5 485 0 s S0 10 2tk
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23. thZEE

ELRBRIEGEA T, K45 7 EgEA R CIRE S B4 A 2 AREIEE A & . AT AL
B R LE) FECS). k. E KT TR LLPPIR). A EIRE(BMI). TR KL
WMER). milE. FERP, LAREE4AER C MEAE. AR A 40N & 250 7
www.cdc.gov/nchs/nhanes/ b3k 745 .

3. ittt

BT GeiH o A E AR 4 55 [ 105 2 1) 45 T 7 o (CDC) R kAT ROFRIG ] T 2K A0 &, 2Rk [m] 4
M TESLAE, Dt EEA TR AR SRR AR RN ZS, 0 DL K8 &1 H 5 LERESAR
P EE bR HEZE RO . BT e Bl e, DR MG 4EAE 2 C R Im FHE . R A X B LR LA
B8 5 AR o B AL L 4y B [ AR A 2 R TS AT AE B . BB R B 8 v ik — 20y I IR e . S 4E A 2=
C G FE Y E ]y 1.69 mg/dL. $5%, R T = logistic [Al AR DA B S 4542 2 C k8 (I 4
AFR C > 1.69 mg/dL)FEHE MG 445 C 5B 45 A 2 A1 LA L (ORs) il 95% # {7 X [E](Cls): FH B 5
RICKRVAEE); BB L AREPER]. FES. MR, A AP PIR 4T 7 UR%E, BOAY 2 ARYEVER . Fls. Fh
W FE KT PIR. BMIL BUGIRGL BEIRAG . i AR B 4 A 3 C 3N BT T . e, R
PR SRR (S 21 AR BMI (<25.00 A1 25.00>) i 1L 575 S AU PRI 973 52 3E4T 70 2 20 #T
BTG Geit 73 723048 ) R #4k 4.1 A1 EmpowerStats 4.0, XU P < 0.05 # i E A EA Gt 5 X
4, R
4.1. BE5HELFHE

RFFILN 4932 25 52, SFHFHE N 5160 + 17.64 5, Hrh 5tk d 48.20%. T2 5E M ELs
FEERIREN 10.22%, ARIFIX —HHE R B A A REE R S A A WX A S 5 ERHE, B4
A2 NHEI I 48 A 2R E(0.84 + 0.55) i IR T-AE45 A 41\ F£(0.90 + 0.49) (P =0.008). Ith4h, FATKIE
BESARZAEEA R DM, FREBOR. ER¥EFE AN IEREAEGHRP . &iErRAFEP <
0.001). ZR1M, FEEE KT FEWNFYEAE K CIRAE T, HEFHRIERGIHERE (P >0.05) (% 1).

Table 1. Baseline characteristics of 4932 participants aged 20 to 80 years from 2017~2018 NHANES"
1 T 2017~2018 £ NHANES ] 4932 £ 5 & HE AT

(Egvel
— AR ik RN BeREE P
HE®n) 4932 4428 504
(D) 51.60 + 17.64 50.98 + 17.72 57.03 + 15.96 <0.001
el <0.001
5k 2377 (48.20%) 2093 (47.27%) 284 (56.35%)
otk 2555 (51.80%) 2335 (52.73%) 220 (43.65%)
i3 <0.001
BIUEFEEEA 675 (13.69%) 620 (14.00%) 55 (10.91%)
HAhVGPEF 5 470 (9.53%) 426 (9.62%) 44 (8.73%)
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VT EAAN 1728 (35.04%) 1472 (33.24%) 256 (50.79%)
EFIT W BA 1117 (22.65%) 1040 (23.49%) 77 (15.28%)
HoAth P 942 (19.10%) 870 (19.65%) 72 (14.29%)
HAEKF 0.449
m &R 986 (19.99%) 880 (19.87%) 106 (21.03%)
ek 3935 (79.79%) 3537 (79.88%) 398 (78.97%)
N 11 (0.22%) 2 (0.05%) 0 (0.00%)
TR 2.56 + 1.61 2.56 +1.61 2.58 +1.61 0.730
REEH(kg/m?) 29.88 +7.38 29.75 +7.34 30.99 +7.61 <0.001
R A 52 0.002
2 2079 (42.15%) 1834 (41.42%) 245 (48.61%)
i 2853 (57.85%) 2594 (58.58%) 259 (51.39%)
W PRI SR <0.001
& 955 (19.36%) 806 (18.20%) 149 (29.56%)
& 3973 (80.56% 3618 (81.71%) 355 (70.44%)
1N 4 (0.08%) 4 (0.09%) 0 (0.00%)
[Nl <0.001
s 1887 (38.26%) 1629 (36.79%) 258 (51.19%)
% 3035 (61.54%) 2789 (62.99%) 246 (48.81%)
(7SN 10 (0.20%) 10 (0.23%) 0 (0.00%)
M4 E C (mg/dL) 0.89 £0.50 0.90 +0.49 0.84 +0.55 0.008
%ﬁ%%if BAR 78.46 + 74.90 79.25 + 74.70 71.70 + 76.38 0.054
B4R
= 4428 (89.78%)
% 504 (10.22%)

HAE N N ()BT EE £SD; NHANES: 4 [E#E S5 E IR HE.

4.2. JEZLM XA

AFFCR AT SO R AT R S IR R MG A R C 5 B4 A 2 MMFELM R, BITRM
T B4R CIRES B4 A B E 2 HAAE U BOCH(E 2). BJE, SRAXT SR LR B0 A s 3 40 &1
BRI 5 oy [m] YRR 7 (AR AP I . W RS RN, M54 R C RkE 5845 A R R A IR k%
RILE TSR P < 0.05) (4 2), BATEISZANTEG 40 B M 208 1.69 mg/dL. 41l
e C/NT 1.69mg/dL B, IMiE4EAE 3R CIRFERFRAR 1 AN A7, B 45 A 1 09 2638 n 31% (OR = 0.69,
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95% Cl = 0.52~0.91). M4 iE4EE R C ik 1.69 mo/dL i, 514540 B R 2 1A 0 i 2 KB (OR =
1.45, 95% CI = 0.83~2.52).
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Figure 2. U-shaped relationship between serum vitamin C and kidney stones
2. MEHER CIRESBEABREN U Blihik

Table 2. Threshold effect analysis of vitamin C association with kidney stone”

=2 MAB%#ER C 5EBEAXANBELN IR

¥ 5 OR (95% CI) P1E
PRER R A 0.80 (0.63, 1.02) 0.0712
B BAR AR R
YA 1.69 mg/dL
M4k 2 C < 1.69 mg/dL 0.69 (0.52, 0.91) 0.0090
MiE4E4E R C > 1.69 mg/dL 1.45 (0.83, 2.52) 0.1868
SR L 0.0490
fj*i?ﬁ?% PR i BOEAKE. STRBONEL . AREESRS. WO SE . BRI 52 . LS R FI4EAE R C TR
17T .

4.3 IiE4EE R C RESBERABRENXR

WAILNT 4932 2 5%, HPF4iAdss 504 4. BATEE T =F logistic [ JABLAL, DIFRHS
MIBHEAZR C IR S 454 T FR ML (2 3). i X ARie . M. BRI . B K TR
AECPIR) AAEFGH(BMI) . WEHARDE S oI og s o B PR g SE ARG fr 442 3K C SN B (B 2) AT 2
ARG, AT, JMiE4EAER CIKEILT 1.69 mo/dL i, 5B 4H BHERAMEK. thE
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A RIHAE L (OR) M 0.71 (95% Cl: 0.52~0.91), EWME MiG4EA R CIKERM— 84, =il &S
S5 RETEREAIC 29%. SRT, MIiE4EA R CIKEERIE 1.69 mo/dL I, B &5iA A S5 miEgEE R C
WEE R IEAHS(OR = 2.14, 95% Cl = 1.01~4.54).

Table 3. Multivariate linear regression analyses for Serum vitamin C association with kidney stone

3. MABEH#ER C5EBEAXANEREMSRERL MRS

RO OR (95% CI%) P

MiEEAEE C <1.69 mg/dL

Crude model 0.66 (0.52, 0.84) 0.0005

PR 1 0.66 (0.51, 0.86) 0.0016

I 2 0.71 (0.53, 0.97) 0.0296
IiEHEAE C >1.69 mg/dL

FELME AF Y 1.45 (0.80, 2.64) 0.2193

PR 1 1.49 (0.77, 2.87) 0.2361

A 2 2.14 (1.01, 4.54) 0.0479

FHRSBERY . R PR AT PR, MY 1. GRS MR MR, BE KRR L TR %, i 2. JEid
FERE . MR M. BEACE. TR AREFES. WS BERE S SRR A R C IRA R
B, "P<0.05 FrEFLE. Cl: BEXIA,

4.4, FESHT

NSRRGSR CIRE S B4 A BB KR, HADSER. 5. Mk, BMI. &
I 7 S ARE PR g S AT 1 B (8 3, K 4). FRATKRIL, R B MiE4EAE &R C (<1.69 mg/dL) 5T
HIMEEEZR C (>1.69 mg/dL)Xf 32X # 15 45 40 B R IS AE 3L A0S . PR BMI, g I e 0 st A
PRI 5253 2 0 &AM AR, . S 4EA4 3 C IRk Hix ey B S MR M BER. [, &
TR 7 25 R 28 B 24 52 R L MR S 454 5 C /N T 1.69 mg/dL I, MiE 4% C KT 5B S A B EZ
() 4776 5 3 ) 6141 5C(OR = 0.51, 95% Cl = 0.33~0.79).

5. &g

IRABFRATHIBE 7T, X R — TR 4932 42 5E MW 7T, BAERN MIE4E4E R C 5844 200
KRR R FEARPFFH, RATHE R MIELELE R CIRE S B8 A BRRZAGFE U BCR. HiE4E4
# CIRE/NT 1.69 mo/dL B, [MiE4EE R C 5B A BME R AMG MU MiE4LE R CIRE KT
T 1.69 mg/dL B, T 2RI R ARG, X — WU AE B TR R S B R S R S, H B
TR 40 B

AT, RATH MG E R C IR AL R, B0 BB EARL R, KI_#Z [HfF
TEARLRMEICTE . 5 UMEARIGIRIT A, DR E R4 R CBARIENAZRE, URALS S
AR SR Flan, Liu Kot K 28 NHBF TR INEE H I 60~110 Z e 4i4E 2 C A B T-Flly 45 A TR Rk [9],
W T 4EA: 35 C TEIE SY0 [l 3 AT REXT B 45 A XU BRI AE T« ST, Massey LK IR 78 3 4k A 3=
C TN HINE R JRAEANE 25 I ARE[12] . AEF ARSI RAYEER C MANE S BELS A XK BfEES
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28 HARLRIERI R & o BEAh, Zeng H S NRBLBEE4EAE R C BN MG, W a0 R R e _ETH[14],
SRR RAL. S877, Curhan GC %5 A\t 85,557 44 2 kAT (K HIRE U5 WL 52K e R I 4EAE 5 C 4%
N 2o B 0 U 2 (A A74E 2 25 R B [10], IS5 JATTIBE FL 45 RA T AN A o TXRR 22 57t T REVR T T o0 R
AFE LA B AR YEE R C RIAIRI A AE 2 7 TS 4EAE R C R Seh TARNZEAE R C RISERRF, &
LRGN, HS5MANEGHXAI[16]. Kb, MiH4E4EE C WA rl R EAEmi i S a4t /£ 3 C 78
B AT I RIBUR . X — WSO BATT I TR B OB BOR AR, BE— D5l 1S 4EAE R C IREEXT
i AR EENE, IR C BB ST Z RIS R AL T S IR AT Y E A .

M 4EA2C < 1.69 mg/dL OR (95% CI) P-value P-interaction
(2 NE D] 0.5029
<40 0.59 (0.31, 1.16) 0.13 ——
40-59 0.63 (0.36, 1.07) 0.09 ——
60-80 0.89 (0.56, 1.43) 0.64 —_—
P 0.0264
5 0.99 (0.66, 1.49) 0.96 —_——
% 0.51 (0.33, 0.79) <0.01 -—
g 0.1584
ATGEEEEAN 0.78 (0.24, 2.50) 0.68 i
HAbTEYEF #F 0.26 (0.07, 0.98) 0.05 [
AT AN 0.59 (0.39, 0.87) 0.01 —_—
A VHIEF R RA 1.37 (0.64,2.91) 0.42 —_—
oAb 1.05 (0.38, 2.86) 0.93
RERRH (kg/m2) 0.6652
<25(kg/m2) 0.63 (0.32, 1.20) 0.16 ———
>25(kg/m2) 0.73 (0.52, 1.02) 0.07 ——
B PR S 0.3447
s 0.91 (0.49, 1.70) 0.78 —_— —
% 0.65 (0.46, 0.92) 0.02 - —
e ML 9 B2 0.1788
=2 0.90 (0.58, 1.41) 0.67 ——
& 0.59 (0.39, 0.91) 0.02 ——
0 1 2 3 4
Figure 3. Stratified analysis forest plot (serum vitamin C < 1.69 mg/dL)
E 3. FESHHHE %S R C < 1.69 mg/dL)
M35 442 7 C > 1.69 mg/dL OR (95% CI) P-value P-interaction
R ) 1
<40 1.00 (Reference)
40-59 1.00 (Reference)
60-80 2.56 (0.93, 7.03) 0.07 - —
P 0.2917
5 1.32(0.34, 5.20) 0.69 o —
% 3.44 (1.05,11.3) 0.04 —_——
A 1
BPGAFREIEE A 1.00 (Reference)
A PG 1.00 (Reference)
AETHEF R EN 0.12 (0.00, 5.88) 0.29 —
JEFEIET RN 1.00 (Reference)
oAb Fh 1.00 (Reference)
RERRE (kg/m2) 0.0641
<25(kg/m2) 1.00 (Reference)
>25(kg/m2) 2.98 (1.01, 8.76) 0.05 e
PRI 1
f3 1.00 (Reference)
i 1.00 (Reference)
e L 5 3 0.1097
= 5.41(1.02,28.7) 0.05 =
E‘ 0.92 (0.15, 5.71) 0.92 [% S—

0 10 20 30

Figure 4. Stratified analysis forest plot (serum vitamin C > 1.69 mg/dL)
B 4. BESHHRME(IE%ESE %R C > 1.69 mg/dL)
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B A ATE P A S, HEARRY, B arERS KRR &SRR S,
AT R 35 A B IS8 R S S RS B A O, I e s RS (R A3 B b e A B AL o i A e 2
MR HE T BERRAS fn A4 FUTAR & Randall BRI G, B4 FEUE S A MR AE[LT]. BE G443 CIkAE
ARG, 4EAEZ C B S A T U REIA T] REI I 2 AN 2L FERURRY B, 4E2E 3 C AR AT,
A R I el ST IO B T 2E 2R 4 SR A 4 0 T RO o A RO ) 2 R R kA, T )
ROS (Reactive Oxygen Species) =4 &2t AR . KK, RESEEE A K[18]. 44K CHE
i 30 I AL )5 R S A A B ROS [19], A Bl Tl S8 A RO 1 IE 0 B2 5, AT B B BeAIG 1 B &5
FITE RO . SR, FEBE IS 4E2E 2R CIREEMI, JEMALEA R C w8 S EURM H F IR 2k & 7t
AR ER Ak, AN TS0 B S A T R XU o N AR A 3 C G 2l B AR, e 499 44% DLFERR
A IERR[20]. 4EAEF C 70 B I IR 3 BT SVCTL 12| (1, AL REEAT 2 H A
IR 2 RIV4EAE R C, MM gEREFR E MR 4EAE 35 C /K [20]. DR, Bl MG 4E4 2 C IREERIIE N,
R R C IHR S SBURR R FER SR S EI N . i 8 FER SR8 IR AT LAd ik 22 FhL i (0 S0 (e 2
S 5N 2 B AR [21], TIHEIN T B S5 AR RS o BhAh, 4EE R C ARG R —MEREYI, HK
SRR RS IN PRI IR, (R SRR ER M DTIE RIS &, BN B S5 A TR R A . Rk, 4ERRE
MG YA F CIRFERTREH B T B S 85 A IR . R T 5 45 0 B sl B 45 0 XU AN Aok
Ui, EEEEHIEER C MIRANE. 4R CIEBE AR KIEGEEZEN, FLIE4EER C
(R0 SE AR P AN R R T2 R AR, 2 TR AP, DAk 4 o] REFFIAS R 52

JERTIAFTE D248 H, YRR Blge. REREFURE R e ma F 25 0 B R R &R 1] B, RATIEAT
TR AR, RPRR. mfUE . BRI AT RER DL 2 E b . BRAERR T BRI O R A
[1][2]- [FREH, FATEIAR BG4 % C (<1.69 mo/dL)7E Lt B 45 A Ry E o v B 3. —
PO REAUARE S, MR A BN R T DLIE S 2 ML S s B AR 7T, B R B S i B A A R
P1[22], M B RO B A A R . DRI, MR B, Lot AR IX O T AT R AT 5 B R AR
PAEM . SR, R EIMELEAEZR C (21.69 mg/dL)) 7 Z e, AR 5 5 45 A 2 A 22
SEHAEH . HA, BATERD, (EALFE . Fode. BRME. w0 sk FURE JRI% S E1T 42 AN R, i
THYEA R C IR Hix s sy 2R & 2 [A) A W 4% 21 12 2 1 22 BAEF

WA REAA L TR A B, HUAMXIERIR 2SS 44 R C IRARIE N R ERH
H5ESEHMKAARE, KOG F44 5 CIREMENZOM A AL E, FEGH%ER CRAE
INIAE AT 2 4E R IE, BEREMRNYEA R C MSLhrK P55 B4 a BRIk, XHER TR EE|A
JETRIRA T, R R T 44 R CIEE S A RKAETRIERIE, A H XA AR THER
EESHHERIETALA . HOK, ABEFEEET NHANES 94 EARER M EIETT R, PR NBEE S RRE
ZHE, TR RMIMENEE S, O BIARARE. seoh, AR Fi8. BMIL BERlZEHE 2 A
AR R BT T AR R, SRREAEHRR T & BT IME R, A8 TR g R #Ets
PR, BJa, IR R FRS FERIOW S RHEREAT I A B, BATTHE— R 1A RE
A M YEA 2R C MR X B S5 A B R () — BRI, R BIE T AR ABMRHEE R, #— D1
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