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Abstract

Objective: To investigate the levels of type I collagen cross-linked N-telopeptide (NTx) in healthy adults
in the Qingdao area and to establish age- and sex-specific reference intervals for NTx in the healthy pop-
ulation of the local area for the laboratory. Methods: This single-center clinical study adopted a retro-
spective research approach. Healthy volunteers aged 18~80 years who underwent physical examina-
tions in the Clinical Laboratory of the Affiliated Hospital of Qingdao University were selected as the ref-
erence population. Inclusion and exclusion criteria were formulated according to the CLSI C28-A3 guide-
lines and WS/T402-2024 “Establishment of Reference Intervals for Quantitative Laboratory Tests.” Par-
ticipants were divided by sex and menopausal status into male, premenopausal female, and postmeno-
pausal female groups. They were further stratified into age groups by decade: 18~30, 31~40, 41~50,
51~60, and 260 years. Urinary NTx levels in the adult population of Qingdao were measured using a fully
automated biochemical immunoanalyzer, and reference intervals were calculated using non-paramet-
ric methods. Results: This study included 957 healthy volunteers, comprising 440 males and 517 fe-
males (334 premenopausal, 183 postmenopausal). Comparison of Cr and NTx/Cr between different
sexes revealed differences. Therefore, sex-specific reference intervals were established. The reference
interval for male Cr was 12.13~29.12 mmol/L, and for NTx/Cr was 13.16~53.31 nM BCE/mM creatinine.
The reference interval for female Cr was 2.02~22.55 mmol/L, and for NTx/Cr was 12.18~58.25 nM
BCE/mM creatinine. When grouped by menopausal status (premenopausal females, postmenopausal
females, and males), differences were found among all three groups. The NTx/Cr reference interval for
premenopausal females was 10.83~49.61 nM BCE/mM creatinine, and for postmenopausal females was
19.61~86.17 nM BCE/mM creatinine. Age-specific grouping was also performed. Males were divided
into 18~50 years and >50 years groups, with reference intervals of 13.54~53.35 nM BCE/mM creatinine
and 12.77~53.86 nM BCE/mM creatinine, respectively. Females were divided into 18~50 years and >50
years groups, with reference intervals of 10.74~50.21 nM BCE/mM creatinine and 15.67~86.16 nM
BCE/mM creatinine, respectively. Overall, with increasing age, creatinine levels in reference individuals
gradually decreased, while NTx/Cr levels gradually increased. Male creatinine levels were higher than
those in females. NTx levels in premenopausal females were not significantly different from those in
males, but NTx levels increased markedly in postmenopausal females. Compared to the reference inter-
vals provided by the Kit, the reference interval for males in this study was narrower, the interval for
premenopausal females was wider, and the interval for postmenopausal females was narrower than the
kit-provided intervals. Conclusion: (1) The reference intervals for Cr and U-NTx/Cr in healthy adults in
the Qingdao area differ by sex and age group. Therefore, specific reference intervals for Cr and NTx/Cr
should be established for different sexes and age groups. (2) The reference intervals for NTx/Cr in
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healthy adults in the Qingdao area differ from those provided by the Kkit. It is necessary to establish local
population-specific reference intervals for NTx/Cr.
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1. 518

NTx ENIBRR AR GE 4 F MR, B MR I SRR 7 91 L AC B o2 UK E AL, Rfld
S PR AR LR B SR VD 20 L, T S B A PR AR, BNl — D R, AR T R M
A PRRTIL], 2 AU . R R E RIS R E 2 —[2]. NTX &5 B 8RN LR, B B
FEHE N R, PRI NTX FRIE T TR, HACEA 32 & e R AR & M52 . NTX F s B ik
W, B R G B ARSI B NTX & 2T s B B R, R E ) NTx %+
o RURRHIFREAE AN, I8 75 [ 52 JR LB (Cr) /K AT BR IE . 45 5 LA NTx/Cr (nmol BCE/mmol) &
B, G T DRHAR R 2R 3 B 45 SRR 22 3] [4]

IR AR, RREER . WA WEAKT. BRI, 830, F98 M0, e, EI0RE%
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BUAR RN LAZ 56, AGRAIE IR A T Sk, A DR I PRI 6 v 2% TS R R T IR an Bt . DR Izas R, K
DEAERE ARV R P 024 I 2 R P A5 AT 2

2.3. GEitFELE

HiELE

JLF Dixon v, @i 1/3 RUUEAT FIMT,  RIKESEALBSHE ORI AR AT s i 228 D AU 420 R AHFR,
3K DIR ofE, # DIR>1/3 WISEALESBE RUNBSHEE, ST LAMBR: A AN A DL BB, R
ST /N BB IE A, T2 b I 2% U A

I.F Kolmogorov-Smironv A il £ (1 IE& 145 AN HITE Cro NTx/Cr 2 7% F Mann-Whitney U £
5, ANIE)AF S B 22 oK H Kruskal-Wallis H K36 408, anfefeEZE 5, MiE—35 R A Kruskal-Wallis 5[5 2%
ANOVA FEE P LL . Cr 5 NTx/Cr 5484 (R AH <MK H Spearman AH 1437

N AESHOEE IS E XA, %X (A H P2.5~P97.5 FT7EIX A E, FFit5 HAHR FFRE 5 T R4
(1 90% E (5 X [H] . Zuit i SPSS26.0 3 fFid1T, P <0.05 AZEFHASIE X,

3. &R

WRIEINFEER bR, AT H 957 28 MA . Hrh 531 440 44, L 517 4, WAk 1. BRSITE4L
SHEANRE KT REZ AL BMIL 85555 IR A, R RGOy ARIE S A, BARILE 2.

Table 1. Reference population by gender and age group
# 1. TEMANEFRESELEEE

AR 18~30 31~40 41~50 51~60 >60
B 49 75 92 111 113
i 95 119 105 131 67

Rz APk 95 119 97 23 0
“#e 2t Ja itk 0 0 8 108 67
SRR 144 194 197 242 180

Table 2. General characteristics of the study participants

= 2. BEMA—RER

FEARHE 5 £y HIEAE R g C Y25 5 bk
1% 440 517 334 183
RIS A 2 51 (+23) 43 (+20) 37 (¢12.75) 58 (+7.5)
RS 18~77 19~81 19~55 46~81
BMI 25.34 (+3.39) 22.60 (+3.72) 21.85 (+3.44) 23.50 (+2.48)
5 2.38 (+0.08) 2.37 (0.11) 2.36 (+0.09) 2.40 (+0.08)

3.1. BEREEATRREMER) Cre NTx & NTX/Cr EE3

K25 APy Cry U-NTx f& NTX/Cr R XU 2% X [ 6 € 255 19 LR K R PRAE, 5 H AR 1 51
MAERS Cry U-NTx J2 NTx/Cr & &f] P2.5. P25. P50. P75. P97.5, ¥£I.% 3.

DOI: 10.12677/acm.2025.15123617 1982 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15123617

G EIE

Table 3. Distribution of Cr, U-NTx, and NTx/Cr by gender
% 3. FEMEH Cre U-NTx B NTX/Cr 937

TiH HpL A WA + bRdEE P25 P25 P50 P75 P97.5
5 12.90+0.3 8.06 3.68 12.13 16.56 29.12
Cr mM LT % 2.02 £0.24 2.02 5.14 8.19 12.80 2255
s 11.04 £0.12 2.74 6.30 9.69 14.95 25.25
% 367.78+1296  65.03 179.00 306.00 470.00  1074.83
U-NTx nM BCE S 287.40 + 9.86 36.90 130.50 230.00 38350  827.25
o 324.68 + 8.09 46.93 155.00 262.00 42300 93453
5 27.21+0.49 13.16 20.15 25.26 31.86 53.31
NTx/Cr nM BCE/mM L % 29.96 + 0.61 11.33 20.91 28.11 35.38 67.33
s 28.72+0.4 12.18 20.61 26.60 34.11 58.25

3.2. FEMAISEXEHEL

ght FIRASEERIAMAR) Cry U-NTx J& NTX/Cr 3725, HAF B4 Cr A2k TN 12.13 (3.68,
16.56), it Cr iifiisK~Fh 8.19 (5.14, 12.80), 531 U-NTx H1fz7KF->4 306.00 (179.00, 470.00), “ 1k U-
NTx FF477KF 4 230.00 (130.50, 383.50), 3% NTx/Cr FA77K A 25.26 (20.15, 31.86), £ NTx/Cr FhfiL
/K P 28.11(20.91, 35.38), HAESHUG I IET S H P2.5 & P97.5 Wi S 4 X W () EIR(E 5 FIRIE, 5
PERIAN R @S2 e S5 X T

Cr: %tE: 8.06~29.12 mmol/L, %«PE: 2.02~22.55 mmol/L;

NTx/Cr: %f: 13.16~53.31, Zit: 12.18~58.25.

3.3. fF#d5 Cr. NTx/Cr X RSEXEEIL

AW R R KT S Ay A 41 18~30 . B 41 31~40 ¥/ C 41 41~50 ¥, D 41 51~60 % I
E4 >60% 541, N Spearman ZEZAHIME 4T, Cr KF(rs = -0.171, P < 0.05). NTX/Cr (rs = 0.068, P
<0.05), XEMELRAGT A, BEEFRIGK, SHEMENEKTZE R, NTX/Cr K8 & .
% i Kruskal-Wallis H #6536 7322 FL e &R R 4] Cr & NTX/Cr /K I 2 53, infEfE 4L a) £ 5, 347 Kruskal-
Wallis H[K 28 ANOVA K56 be s iy 9y 7] 22 5

E RS A, WIEF S FERH MR, ZRBEAS5 8 L (H = 16.837, P < 0.05). it
TR LRG3 E H Y B, CWAFEZER, HRFHFLSII ER . BHESE k% 18~50 & f1>50
WAL S X ]

S EAEY, PIHE & FR B MAE, ZRFESIH R X (H = 39.966, P < 0.05), &4[AH
T ELES, AL By C =4lA & D. E ALE St 2£%, 1A, B. C =45 E A¥FEZER, DA
5 A, CHHAMFEERP <0.05). Zit, itz 18~50 & M>50 % M2 L 25 [X [,

B NTX/Cr 78 &AER L0 A A AL 2 5 (H = 24.762, P < 0.05), HHHEE A, B. C =41 )2 D. E
PRZHLIE] 22 0 GE 24 3, 1 Dy E L5 AL B P4 (A7 7E 22 7 (P < 0.05). 45 1, 5344 18~50 % Fi1>50
N B X

LM NTX/Cr 78 % E W AL A AEAE 2 5 (H = 144.072, P < 0.05), @i Pimg LL#Y B. C H4[Al 5 D.
E WHZH R A LI B2 25 5 . 3% 18~50 % F1>50 % W4 3.2 3% X [A] (VL% 4~6).

DOI: 10.12677/acm.2025.15123617 1983 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15123617

G EIE

Table 4. Distribution of Cr levels by age group

=4 BERE CrkESH

R PE5I il P2.5 P25 P50 P75 P97.5
5 49 2.54 8.07 13.33 18.99 35.62

16730 % 95 1.95 6.14 12.03 17.43 24.93
3140 % 75 3.01 8.62 14.09 175 29.54
'S 119 1.61 5.36 9.19 14.04 24.01

5 92 4.98 8.73 13.64 17.012 30.56

41750 gy 105 2.28 5.6 9.41 12.95 23

51-60 5 111 3.91 8.22 11.57 15.48 26.75
% 131 2.81 4.96 6.88 9.75 214

5 113 3.37 6.87 9.69 14.64 23.94

7o % 67 1.04 437 6.18 8.92 18.41

Table 5. Distribution of NTx/Cr levels by age group
5 BERENTXCrkENTH

o 531 % P2.5 P25 P50 P75 P97.5
18-30 5 49 11.31 2.55 29.55 36.72 74.64
s 95 12.06 23.76 29.18 36.04 63.56

3140 b2 75 15.55 22.3 28.51 33.79 53.7
£’8 119 10.74 16.18 21.92 28.2 45.56

4150 5 92 13.63 21.38 26.23 30.68 4531
% 105 9.87 17.1 21.69 27.98 51.02

51-60 5 111 12.66 18.4 22.65 30.02 56.3
s 131 15.02 26.98 32.26 42.46 86.93

5 113 12.01 19.34 22.55 29.28 54.34

7o £'8 67 16.07 31.06 35.48 45.19 90.19

Table 6. Reference intervals and 90% confidence intervals for Cr and NTx/Cr in males and females across age groups
6. SEWABMSLM Cr# NTx/CrRIs REERAY 90% Cl

W H

WLEF

NTx/Cr

1

%

Pouii NS SR

Fit

18~50

>50

18~50

>50

A

216
319
224
198
216
319
224
198

RI (90% CI)

M (P25, P75) P2.5 P97.5
13.70 (8.62, 17.32) 37 32.67
9.54 (5.58, 14.73) 1.95 23.74
10.31(7.37, 15.22) 3.63 25.08

6.64 (4.65, 9.51) 252 20.94
27.75 (21.69, 33.44) 1354 53.35
23.65 (18.03, 30.32) 10.74 50.21
22.60 (19.19, 29.41) 12.77 53.86
34.16 (28.36, 43.39) 15.67 86.16
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3.4. 5HZHLMEELE

BV BT BEJE LR S AR, & A EINAEIES 73016« BH Kruskal-Wallis
H &6, #4108 Cr. NTX/Cr fA{E4 it 2% 2 57 (H = 107.663, P < 0.05; H = 149.160, P <0.05). 43 AiE47 P4l
bk, =2 Cr/K-F. NTX/Cr A HHE (P < 0.05). W% 7.
Table 7. Reference intervals (RIs) and their 90% confidence intervals (Cls) for Crand NTx/Cr in men, premenopausal women,

and postmenopausal women

=7 BM RBZKLMRBLZRFLM Cre NTX/CrRIs REEFRAY 90% CI

RI (90%Cl)

A el N M (P25, P75)
P25 P97.5
Eiyis 440 12.13 (8.06, 16.56) 3.68 29.12
L RAG A 334 9.27 (5.50, 14.62) 1.98 23.86
M 5k 183 6.60 (4.71, 9.53) 2.32 18.77
Bk 440 25.26 (20.15, 31.86) 13.16 53.31
NTx/Cr RUGE N 334 23.68 (18.14, 30.00) 10.83 49.61
#2% Ja otk 183 34.41 (29.17, 44.61) 19.61 86.17

4. i

| 20 e R B B SR B ORI [ =R e 54, R E A s EE A NG, HR% ol BEA—
%% a2 BEARL, AT N Y R BRI S S A A P T AFI[6], 2RO R R 2R, R
B AV ) B . 5L R ) SR AR T S B i R R SR AR AR R AR e v, RIS 80— R
HREEIR[T], W 0 R A S g | 2 A SRR P SR R SR AR OC[8], X R T | A R R A R 4R
(ERi 43 R G

TE R BN ) e O T B TR RS VR R, W AT M WA R R T e o i e b
EW(BTM) S 4 AR B 40 B0 FE AR P2 o R 40 B T 7 A Bl W R BB (ALP) B 45 32 (OC)~ T Rif
JREJ N S Hi AR (PINP), B 40 B = P o TR IR i B AR B B, i NTx. CTX & Sb BB il 4 PR IR 14
W5 (TRACPSD) B . 1 T2 = HoR#E, BTM (W A 506 2 W . Va7 BT 20 i
AHEZEE S, AL T R R T AR BN[0], H BTM Kl ST in&e e (58, KA IR
B, FEIRR T BT 2 R A E. SRTT, BTMs AISZ4EHS . Ph). MIBRFREE . A SRS 2 &
M, R 5 ANERKALLATE LK) BTMs K2R 5, VEER) CTX WSS T9E [, 2k E AR )
PINP # 0 [H ANy, 3E— Ui WA R XN AR 36 7 sUAS R 330 BTMs A T 2 5[10].

S X [A)(RI) A& B 55050 & b fe i FH I LU T, #98 baT DLZEAR 8 XS L [F () R FH SR8
FACE IR B, I AT b HEAT A BE R A1 7 vk s CEERE RI [11]. 255 X R W] # B
i DA 25 A R Bf P X (i S AT B SEO NTE, JR B S 28 ARk ) TP I) 959, 1 8 1) S B S0 R 4 s PR AR i
50 % P2 bR dE(CLS) AN IFCC B BGHATRI AL, SZMIRIA S, ol 22 5 v] REAR R [L2]AE IR s e, K
ZH R #Z B GH MBI S %, RMifAEWHE Rl BB ER AL |2 BHAE RIANE R
S8 ML X 4 ) JR[13], B FH R S A 0 2 26 (X [A) s R BE PR SR BT 1 e, B LR AN AP & A
[ N 0 380 1) 22 S5t vk 15%~20% . FH T 526 25 226 [X 1] [R50 Bl T 422 5 M 5o £ ) B8l B K7 R0 o
fili, EESLIE G ARHIIX N HEIR 22 X () 0] 58 - s A DX {8 e A AR AR AL
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1E | BUHTI R A U FE T, A AR 72 B, K X 5 7 F AR B, 42 N iR IR C 3 ik
X, XFhAZ BRI R R R e« Hodr, R NTX (U-NTX)BIZKSF AT 9B e K 402 [14], 5 Hidthbr &
PIRLL, U-NTX FIE B ARG E S o . IR IR B I WS N NTX BRI, AT JR VA B I v HR S
RIS o NTX SHEST BN, R & 2 R b & &, HELS IR b 23R 7R[15]. 5 CTX AN, U-
NTX X B WA AEIR, HAZ YN RIS m[16]. 758 Bk a7 H, Rl U-NTx Al 3697
ROR AT VAL o — U FE8 I X U-NTx 005 s 002 A S5 5o U R 2R v 7 [ a6, L5 T R B b
FABEAREL, 4k 8 MR B B R 103628 U-NTX/Cr S5 [17]. AW 7B X AMX 957 44 {8 e ik A RE
PRAVET B2 U-NTx FOUREE, #S7AH X AR U-NTx %X [,

HEARTEH, 20N 957 A 4d B ARG S 1 440 44, Lotk 517 4. @i S SIS 5N
BER R ABER Cr 2 U-NTX RRMEAFTEZE s IRIBA R BOEAT 04, % 2SH N8 18~50 & ¢
50 % DL R4, ANEIFEES A IEILEF & U-NTX fAEARFE, [l 2% X . —HiFaRe, s
PER U-NTX KL 9545 . FREESACT BH[14]. 20 SR, U-NTX il M42 5 4ok B
WP B TR R, BN S A B ot ) E G R, BRI A &R0 L aEITIE R,
U-NTx & BAAELZRT 1-2 TP, ERRHA LG 1 EXRPIEE, 42 5755 m KPR U-NTX
5940 22 B A MR 25 IR R IR A 56 [18] . Mohammed-Salleh M. Ardawi 25 A [19]%5 045 B 47 A1 2 1tk B 4k,
RED I TR AEFT S U-NTX 3K 72.3%. 7EARTFAH, KBSHEMRS RN B, Bau otk a K&
U2t 5otk 3 4, BATRIIAESZ G Lt U-NTx Bl BTk, X 5T T3 458 M H . 538 B FEiE
S U-NTX AR 4k 5 Vi o i 58 8 S Mk A8 2 N 1) S SR A 40171

gi b, AHEFCE N S X AE B AE N Cr B U-NTx FIIISE, #IP 8 7 A EMER . AR B
NTX/Cr )22 X 7],  H@ B UFUE ST T A DX R0 A, xof e i A b [X {3 N8 DS ) R VR . AR
AW FEAAAAE R BR P, ] A A S A R A kar NBEARAS i 15 1) BRI i 70 R 2 & RUBAS B g, R
O I AR A R B, X FEE RS TR — DT 2 P OoBdR R ES 5, Ik
FEAR, DUWESTAIACHIX NTx 2% [X 845 2572 (1 S o

SE
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