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Abstract

Objective: This study aims to investigate the relationship between the uric acid to high density
lipoprotein cholesterol ratio (UHR) and systolic blood pressure (SBP) in children and adoles-
cents with short stature. Methods: In this cross-sectional analysis, clinical data of 1510 children
and adolescents were evaluated in the Department of Endocrinology, Affiliated Hospital of Jining
Medical College from 1 March 2013 to 31 December 2021, their baseline clinical data were col-
lected and the relationship between UHR and SBP was analyzed. Results: In the univariate anal-
ysis, UHR was positively associated with SBP ( 0.75, P < 0.0001). Furthermore, after adjusting
for possible confounders, a non-linear relationship between UHR and SBP was found by smooth-
ing curve fitting, and the inflection point was 6.33% by multiple piecewise linear regression anal-
ysis. When the UHR is greater than 6.33%, SBP increases with increasing UHR (8 0.33, 95% CI 0.12,
0.54; P = 0.0019). However, we did not observe a significant correlation when the UHR was less
than 6.33% (P = 0.0736). Conclusions: Our study found a nonlinear relationship between UHR and
SBP in short stature children and adolescents, and showed that SBP levels are positively asso-
ciated with increased UHR when UHR reaches an inflection point. This finding suggests that the
UHR may be related to the regulation of SBP levels, and this relationship warrants further investi-
gation.
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1. 518

AT S, AR A )38 & m A b, MES ST 2 MsiEZE(-2SD)# [1]. S #
/N LB AT DEACA O EEG AT, 5 R AT AR R A O I AR L3RR R
Tn[2] [3]. B KERIWTFFE Y & 550 0 5% (cardiovascular disease, CVD) &5 % 2 [A] I 7UFH 9C % &
[4][5] [6] [7]. Heb, MuHTtEE CVD ) ZAER IR [8]. Fanil ity BAF A 7t A 3 e i A 106 1 A5 9 114 S 5t
BRI R, JLEME BT, A S e RS 21 n[9] [10] [11] [12]. BRI, RHk
VERR/INAE N AR I R 7K 0 AT AR T T AR R

JRIR 55 7% 2 iR 25 (1 b A (the uric acid to high density lipoprotein cholesterol ratio, UHR)/& H1 UA F1
HDL-C 74 i —Fbgr (kR S0, SACU SR &40 2 BOBEERIps . ARIRS PR BE 5 BT A 9 [13] [14] [15] [16].
BRI UHR 2 A 25 AL 2R I bR &, B F T & A AR50 1 TN AR FR [16] [17]. AFr & %0,
AU LREAE S IR T = % A5G [18] o HoAl w98 3 B 98 0 i A 2 S BUMLE = T EEA LS. B4,
UHR 51 AT AR [19] . St Y — T W [ BA 9 (SRR S 13X — #d: Gulali Aktas %5 [20]38 i %t 5 ifiL
JE B AT o I SRR LRI, SR HIAEA UHR BT, JESH UHR > 11%:2 i
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EEHARKGREE, UHR FFE—A A, MR HA R RSN 7.3 £5.

FATBANB ST BB T B, R R MR /N LB AT AR KT () UA 514 H (systolic pressure, SBP)
A K[21]. HFH, EAERME SRR, &R R EE XS HDL-C 7KF 2 5fUAHE[22] #iE
ATl X 2225 ZAERSTE 19 % 48 45 % DUT B4 R RS N R 2 o R IR R 52 17 1) HDIL-C iy 1 =1 I
JERTHASZ AR, M UA KPR T & U AT A2 05 [23]. UHR J& UA il HDL-C FI4A, LL AT far
— R AR BRI, HATGT UHR 5IEM R RFE AR, RiAl&ESMEN . BES B Lo R
WLES . B, ARTFRERN 7N LE T DE UHR T SBP Z AR & .

2. AR RMAGZE
2.1 HRMR

WEFXT Gk B 1L AR 8 A K k& 999 BB E V5 BT 72 (http://wvww.chictr.org.cnChiCTR1900026510) . F2A17
BT 7 2013 45 1 H 1 HZ 2021 4F 12 H 31 HAEG: 7B 2% B & 2= Bt 9 20 b REsk 12 (1 8/ L Al /D4R
(s Bk, HRATREWTIH 20T . GAINKFRIES: SAHRAF RS ANV (735 B miAH LG, B s/ T-2SD A
o HEBRARAE . AR . BRRE AR HURIRIIAERNG . /N T IR A0 oA O %0 J5 H 1 58/
A B P LR B IE AR N B, B 52 4 K (growth hormone, GH)¥A7T PA A2 SBP. UA. HDL-C %8}
AR RPN HRRbRE, 1510 4 )LEFH/DF(S 1029 A\, 2481 N), F#% 10.38 + 3.58 & A\
o WHEE BT ERKFEN B ERCEZ A 2. TEREPE R “H/RERE T B
HEEAT o ARG TARIAVI 2 538 B0 NI T A0S AR

2.2. =YL E IR

221 EXEH

FT 253 005 i e TN s FERR R0 A4 5 sl A (o BV 25 ol 7 stk A PR 7)) EAT DI 2, 7o
VFRZETEHEN 0.1 cm. AN 5E 1S @ #S B b N 0E A 5 & . AR o ] [5) 4R 08 A 14 9) )L 2 £
A B S bR dE 25 B0 (height standard deviation score, Height SDS) [24]. A 32X # A H i+
T NS R AR R AR R B R LT A IR A R &, MEMEEL0.1 kg AN . S 5HIAKEZ S
BRI RS TIER . 174 E 55 (body mass index, BMI) 5 A& (LLA Fr N4 55
(LK) 2 . 8 %% Tanner 230 AT A A 2 o DU R brdEgl F ok e SO B AT : X T 5,
SHEBNT 4 2T, BAEE: NTrE BKAELSKE, BABIE25] [26]. ME SBP MEF kKL
(diastolic pressure, DBP)HIVFEAIZ IR W R : 26 1 RFR, ZELEREZRD 5 min f5, 24 LA
B L T E 32 AL B DU P L e, 00 e BT B AS 2D T 2 min, S8 U5 THELIid 5% SBP Al DBP 7 il
BRPIME, WRWKNEZ A FZME >5 mmHg, MERNE, &)5T5HF0R SBP At DBP =Kl &
RSO

2.2.2. BFEMERE KIER

I ZHORNITA S 5 #H REM B IGMBFEA TR ER . T EAKEEREE, SEET TR
PR A KOS . B8 — DU 2 Ao i 2 L URRASS, 1AHE <30 kg [52i0# Ik 0.25g, fA&H
= 30 kg M52 Kk 0.5 9. 435 F 0. 30, 60. 90. 120 min 3KifiL, FlE GH iKE . 5 I u /2 ik
B F ARG, BRIV RIS ES R 0.1 Ukg, 23 %)F 0. 15, 30. 60. 90. 120 min i ifi k¥
A GH R FE . HIAk 28 R 6k e A K 2 2 (36 [F, Beckman Coulter, ACCESS?2), R (/% v 0.010 pg/l.
KA R e (FE E 76 1] 7 (DPC IMMULITE 1000 74404 430) 0 5 i 37 i &8 AL AE KK 71 (insulinlike
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growth factor, IGF-1)¥KEE, kN FIHLIAIAR 5 R &7 0 3.0%H1 6.2%. B Dife (4% LA (creatinine, Cr)All
UA. I fgFE kR 6135 SIH [E B2 (total cholesterol, TC). HDL-C. 1i%%5 )% JIg & (A IH [ % (low density lipoprote-
in-cholesterol, LDL-C). H i =& (trilaurate glycerin, TG)LL & %= i I ¥ (fasting blood glucose, FBG) AT I f&
PR R IR R L 5 # B (alanine aminotransferase, ALT)°% F & 6 9.5% 73 #1X (Cobas e 602, %' [K, 1 [E k)
M3E . UHR N UA(mg/dl)/HDL-C(mg/dl).

23. Gt FERE

Fii A5 o B A8 G i1 84 69 R (http://www.R-project.org, R Foundation) A1 EmpowerStats
(http://www.empowerstats.com, X & Y fkR R AR, PLWi, HEEigZEM)#t T, E8FEFRES
Pt 22 sl A7 (DY 1 G )RR o 2 B BoR N ATE 40t SR A SRR A A A2 e B A 4 AT R
i UHR 5 SBP 12 & . FRAE FH BAR &4r M SR A 8 UHR A SBP DA K HoAth B AR 5 [B] A AH S 14 1)
WEM. R)5, ERBEERAEERG, TAVER P LI A5 T UHR F1 SBP Z[HIR R . &5,
BATE— 5 N 2 705 B2 M e A AR A SRAG 5 UHR I SBP 22 A i BIAE < IBE I . P . < 0.05 (WU A Seit
3. &R
3.1. R A& A

K LR T A S 5EIRREE . TRATFEGIN 1510 44 G M58/ L E AT /D4R, SFIERALE 10.38
% +358 %, HAr B 1029 44, 4k 481 4 %2k UHR 1418 M 8.73% + 3.31%, SBP “F-¥{H N 105.75
+12.16 mmHg.

Table 1. A description of the study population
=1 RARHER

All
Number 1510
Sex (male %) 1029 (68.15%)
Age (years) 10.38 + 3.58
Height (cm) 125.86 + 18.04
Height SDS —2.50 (—2.95~-2.21)
Weight (kg) 27.94 +11.34
BMI (kg/m?) 16.88 + 3.05
SBP (mmHg) 105.75 £ 12.16
DBP (mmHg) 62.55 +8.73
IGF-1 (ng/ml) 171.00 (102.00~258.00)
GH peak (ng/ml) 6.96 (4.52~10.52)
HDL-C (mg/dI) 53.60(46.83~61.15)
LDL-C (mg/dl) 81.99 + 22.80
TC (mg/dl) 150.32 + 28.30
TG (mg/dI) 58.48 (46.07~77.53)
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Continued
ALT (U/L) 15.51 +9.04
FBG (mg/dI) 86.49 + 33.47
UA (mg/dl) 451+121
CR (umol/L) 40.78 £ 13.77
UHR (%) 8.73+3.31

Pubertal stage
Prepubertal (%)
Pubertal (%)

936 (61.99%)
574 (38.01%)

32. #ZiED, 5 SBP WHXER

Wz 2 fror, RA— e ERIA TGRS 505 SBP Ik R. AR S, UHR 5 SBP 2%
ZIEAHIS(P <0.0001). 5 SBP 2R FEM KM AL REILA MR FFE . Height SDS. 1A . BMI. IGF-1. UA,
Cr. TG. ALT fIEHM(P < 0.05), SBP 5 GH I&1E . FBG. HDL-C. LDL-C. TC JH &A% M:(P > 0.05).

Table 2. The univariate analysis related to SBP

2. 5SBP BXHIBEREES

Variables p (95% ClI) P value
Age (years) 1.58 (1.43,1.73) <0.0001
Height SDS 0.84 (0.09, 1.60) 0.0289
Weight (kg) 0.59 (0.55, 0.64) <0.0001
BMI (kg/m?) 1.76 (1.58,1.94) <0.0001

IGF-1 (ng/ml) 0.04 (0.04, 0.05) <0.0001
GH peak (ng/ml) 0.07 (-0.05, 0.18) 0.2418
FBG (mg/dl) 0.02 (-0.00, 0.04) 0.0585

UA (mg/dl) 231 (1.78, 2.84) <0.0001

CR (umol/L) 0.20 (0.15, 0.24) <0.0001
HDL-C (mg/dl) -0.03 (-0.09, 0.02) 0.1769
LDL-C (mg/dl) 0.00 (-0.03, 0.03) 0.8841

TC (mg/dl) -0.00 (-0.02, 0.02) 0.7999
TG (mg/dl) 0.05 (0.03, 0.06) <0.0001

UHR (%) 0.75 (0.55, 0.94) <0.0001
ALT (U/L) 0.18 (0.11, 0.25) <0.0001

Sex
Male Reference
Female -4.17 (—5.48,-2.87) <0.0001
Pubertal stage
Prepubertal (%) Reference
pubertal (%) 8.74 (7.55, 9.93) <0.0001
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3.3. UHR 5 SBP HyE& M X &

e 3 fw, 18IS BIE R HT A UHR #9453 200 6.33%. 24 UHR > 6.33%F}, SBP /K-Fli UHR
B8 9 0.33, 95% Cl 4 0.12, 054; P =0.0019). 4 UHR <6.33%I, SBP /K-Ffifi UHR 44 il
F#fk (8 79-0.85, 95% CI #y-1.78, 0.08; P =0.0736).

Table 3. Analysis of the threshold effects of UHR versus SBP
F 3. UHR 5 SBP KBB4 4

Inflection Point of UHR (%) Effect Size (8) 95% ClI P value
<6.33 -0.85 (—1.78, 0.08) 0.0736
>6.33 0.33 (0.12, 0.54) 0.0019

WE 1 s, EHE TR FEE . BMI I Tanner 2035, ~FiE 44 5~ UHR 5 SBP 29E4;
PR R IXEMELH AN B AZA — N E 5. 24 UHR K F/NFi5 A0, UHR 5 SBP 2ok, {H
TR EE L. 2 UHR KT45 5, UHR 5 SBP Z2IEAH XK.

120
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Figure 1. Relationship between UHR and SBP by smooth curve fitting
Bl 1. UHR 5 SBP HFiBrhZ I &

4. #ig

FEIX TR Wi b, BA TR 2%/ LE AT D4 UHR 55 SBP Z AMFAEAEE SRR, UHR Hedr
R 6.33%. 4 UHR KT 6.33%I, UHR 5 SBP 2 IEAHX.

TEGMBANLERIE D g, JATHER] UHR 5 SBP RIEMK. X4 R 5HHilk R 7o 4
SR80 — IO R R HEAT AR T T T PR BT, UHR KOP T i AT RS I 42 AN AT 5K[20] . ik
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Gb, JERTRIREFERY, RIS SR IR RIEA G, S LA IR antl, XU, KB R
i A i A R SO0 5 6 S MK I S F 8 =4 o R B I [27 ] AT 0, 1 IR R A 4 A A i — N LR R 2
Bor)im e, s T SRR YA 5 [28] [29] [30]. BEIML, A J9TEAL 2 AR PR ML B E FEFR UHR
5 SBP R IEMH A B L.

UA SRR R i 2874, 32 B R B EVE PR [31] . Ak & ST ISTEAR REFE L 52mi UA (177 4= FAR 8 [32] -
TERATHIW FOL TR A R I G AN LB RS D AFAELE VT 2 AP IR I, k. mE i &4
AN, X # 2 S8 UA KT R . SR, JLEE AT A AER R UA K5 SBP FHmf 2%, IXTEFRAT
SR HIBAS B AF BESE[21] [33]. Z BTHIEHSRIGIESE, UA F s al i P — S L BB EORT S & - 1
EEIKERRGIIEE S B A S ThRERRRS, AR IR K [34]. A TS ESE KT UA S55EE
SBP MK &, WhEXS 449 4 JLEMAT T 2/ 2 IRBEVIMLES, 73 lfE 3 &, 5 & F1 7 S PEfl UA. SBP,
RIL 3 HH 5 % UA KTFHE 2R EAE 7 S SBP 5 m[35] o X 7 M AL fir FLBIK I UA 7K PR B 3,
AT DABRAR A SR L T 3 PR AU

UHR 7K T = A T UA 7KSFF+ S (B HDL-C /K7 R % . HDL-C £ 40 L R 40 7 T B 2 3L
P, 2 LI o 0 R [ B i DAY S K o AR R A 7 FH[36] [37]. Bk T 75100 [ % 3 RH [ 2 e S S8R i A1
EEA—RAIThEeRE, BIPUEA. Do MEY A8 2 FEFa A [38] . 7E 5l (122 Uk 7T
FRFE Y, I A R AU S5 K- () HDL-C 45 95[39]. Setor K. Kunutsor Z5[39]% 3988 4 ¢ i IfiL & /7
S SR AT ) 10.7 SEMBE T 4K, HDL-C 5 & i RS FFEAH I HARSZ ARG . Bhabh, Sl —I
FEWTTHI AT 7S R I, SAEEESZARE LG, i i B 38 1 HDL-C /KPR, 1 UA 7K P4 mi[23]. UHR &
UA Fl HDL-C FJ# 4, [k, IERE UHR (7 & m ot s .

UHR 1 —Fh 0 AR bR, B 50w U EFAIR R PE[17]. KT UHR 5 SBP Z[AIfK
R, HETSCHERIRIEE D, RRBRIE G G B IR R E 1 LE . FRATEF KL UHR T SBP
AR o R o B BE RS 0T, FRATTR I UHR KI5 20N 6.33%, Wi UHR B /N T1X M5 4,
UHR 1 SBP Z [A]{JAH A BAE Giih %8 . )5, SBP BEE UHR KVHIFAmmFtm. &1t
LIAFH T 5 DAAT B SCRRAS R 2518, BATTHHE Dol g 3 J A AR AR (] ) 0 R VR 2 TR 3t T e 3 U b 22
S AR IET SR/ LERITE DA, R IRATROZAT A AT 1 258 4 2 A AN [F)
TEFIREAA

XA — L /R B, TR s, RATEERE R R R IRk, XTHA
SETEF E AR LE AT AR AT 0, BRI ERATR &5 A REAME R LA R4, 25 =, 52 UHR &
UA T HDL-C /KPR ZRIR 2, LR BRI, ARSKIRATIFT S8 AR B i) 25 (1 77 =0k B8 L b PPAly B 64 58
NI LA D AR S

R LR, TEREE TIBERIRAR RS, AR T S MR/ LE MG A UHR il SBP Z[H 1)
LR R, 24 UHR KFIARHE AR, SBP 5 UHR KFHFHE RIEME, X—RIMEY], ElkK T/
HRATRIZ ST UA FTHDL-C 7K, Ff AR/ LE ST S (kB 2k 4
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