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The chemiluminescence enzyme immunoassay for detection of serum 1, 5-anhydro-D-

sorbitol(1,5-AG): influencing factors and establishment of reference intervals
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[Abstract] Objective: To analyze the related factors influencing serum 1, 5-anhydro-D -glucitol (1, 5-AG) levels and establish
reference intervals. Methods: A total of 873 participants, aged 20 to 72 years, were enrolled from an epidemiological survey conducted
between August and November 2021 in Nanjing, Jiangsu Province, and surrounding areas. Questionnaire survey, physical examination,
and detection of routine clinical blood indicators including serum 1, 5-AG were performed. Participants were categorized into different
disease groups according to inclusion and exclusion criteria. Student’s t-test was used to compare serum 1, 5-AG levels among these
groups. Pearson correlation analysis and multivariate linear regression were employed to assess associations between serum 1, 5-AG
and various clinical parameters. The reference interval for 1, 5-AG was determined based on the 5th percentile among the apparently
healthy population. Results: Serum 1, 5-AG levels were significantly associated with sex, body mass index (BMD) , body roundness
index (BRD) , fasting blood glucose, fasting insulin, 2 - hour postprandial blood glucose, glycated hemoglobin (HbAlc) , estimated
glomerular filtration rate (eGFR) , total cholesterol, and carbohydrate-derived energy intake Call P < 0.05). Nine groups were screened

from the study subjects: apparently healthy group, diabetes mellitus group, hypertension group, hyperlipidemia group, impaired fasting
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glucose group, impaired glucose tolerance group, hepatic dysfunction group, renal dysfunction group, and obesity group. Significant

differences in 1, 5-AG levels were observed between the apparently healthy group and the hyperlipidemia, hepatic dysfunction, and

obesity groups. Based on the 5th percentile, the reference intervals of 1,5-AG were set as > 99.8 wmol/L for males and > 62.9 pmol/L

for females. Conclusion: Serum 1, 5-AG levels are associated with individual glycemic status, lipid metabolism, and dietary patterns,

and are influenced by age, sex, renal function, and dietary composition. The sex - specific reference intervals for serum 1, 5-AG

established in this study provide a valuable tool for monitoring glycemic variation and guiding the clinical management of diabetes.
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Table 1 Characteristics of clinical baseline data

Index AHP(n=271) DM (n=100) HBP(n=233)
Age(years,x £ ) 36.24 + 10.44 51.47 £ 19.20 46.94 = 10.74
Male[n(%) ] 98(36.2) 80(80.0) 192(82.4)
BMI(kg/m*, x +5) 22.46 +2.45 27.08 + 14.49 26.39 +3.12

BRILM(Pss, P+s) ]
SBP(mmHg, % + s)
DBP(mmHg,x + 5)
TCLmmol/L, M(Pss, P3s) ]
TGLmmol/L, M(Pas, P+5)]
LDL-CLmmol/L, M(Pas, P+5)]
HDL-CLmmol/L, M(Pss, Ps) ]
CREA[ wmol/L, M(Pss, P5) ]
eGFRLmL/(min-1.73 m*), M(Pas, P+s) ]
HbA1c[ %, M(Pss, Prs) ]
FBGL mmol/L, M(Pas, P:5)]
BG2h[mmol/L, M(Pas, P3s) ]
Flns[ pmol/L, M(Pss, Ps) ]
FCPLpmol/L, M(Pss, P15) ]
ALTLU/L, M(Pss, Pr5) ]
ASTLU/L, M(Pss, P+) ]
Carbohydrate intake[ %, M(Pss, Ps5) ]
Protein intake[ %, M(Pas, P+5) ]
Fat intake[ %, M(Pas, P+5) ]
1,5-AGLumol/L, M(Pys, P:5) ]
Male

2.83(1.23,5.8D)
114.29 + 10.21
76.86 + 6.88
4.41(1.98,6.15)
0.81€0.27,1.98
2.72(0.81,4.05)
1.60(1.05,3.16)
57.00(35.00,95.00)
115.37(90.28,213.71)
5.20(3.20,6.00)
5.47(4.09,6.08)
5.74(2.30,7.78)
10.80(3.84,29.20)
1.96(0.94,5.13)
15.20(6.70, 39.50)
17.90(10.50,37.20)
0.54(0.25,0.79
0.22(0.14,0.31)
0.27(0.09,0.48>

156.94(82.03,288.40)

4.40(2.31,10.17)
135.49 + 115.85
89.32 +111.58
5.00(2.38,7.17)
1.91(0.41,5.98)
3.2000.92,4.92)
1.23(0.74,1.99)
68.00(33.00, 121.00)
113.91(59.45,239.49)
6.25(4.90, 13.00)
7.60(4.79, 18.26)
11.80(5.07,25.80)
13.65(1.23, 126.00)
2.77(0.73,10.10)
27.25(9.50, 177.30)
23.85(11.90, 88.60)
0.55(0.31,0.80)
0.22(0.12,0.30)
0.26(0.10,0.42)

127.68(8.07,254.56)

4.13(1.81,7.69)
142.76 + 14.54
96.67 +8.11
5.06(2.57,7.57)
1.50€0.41,13.57)
3.26(1.07,5.93)
1.36(0.74,2.7D)
70.00(42.00, 109.00)
117.40(61.96,227.71)
5.60(4.40, 13.00)
6.08(4.86,18.26)
7.52(2.39,25.80)
13.10(1.23,44.80)
2.57(1.03,6.23)
28.10(8.10,239.70)
24.10(11.80,107.70)
0.56(0.31,0.81)
0.21€0.12,0.31)
0.25(0.09,0.44)

127.69(8.07,254.56)

Female 108.80(45.08,222.56) 107.27(27.04,258.07) 107.27(27.04,258.07)
Index HLP(n=226) IFG(n=97) IGT(n=84)
Age(years,x + ) 44.85 +11.05 46.21 + 10.67 41.23 £12.25
Male[n(%) ] 176(77.9) 77(79.4) 49(58.3)
BMI(kg/m®,% + ) 26.81 £ 3.30 2531 £3.42 25.82 +3.69

BRILM(Pss, P3s) ]
SBP(mmHg, x + 5)
DBP(mmHg;x +s5)
TCLmmol/L, M(Pss, P:s) ]
TGLmmol/L, M(Pas, P15)]
LDL-CLmmol/L, M(Pas, P:5)]
HDL-CLmmol/L, M(Pss, P5) ]
CREA[ pmol/L, M(Pys, P:5) ]
eGFRLmL/(min-1.73 m*), M(Pss, P+5)]
HbA1c[ %, M(Pas, P35)]
FBGLmmol/L, M(Pas, P+s)]
BG2h[ mmol/L, M(Pas, P+5) ]
Flns[ pmol/L; M(Pxs, P1s) ]
FCPLpmol/L, M(Pas, P+) ]
ALTLU/L, M(Pss, P35)]
ASTLU/L, M(Pss, P35 ]
Carbohydrate intake[ %, M(Pas, Ps5) ]
Protein intake[ %, M(Pss, P1s) ]
Fat intake[ %, M(Pas, P5s) ]
1,5-AGLpmol/L, M(Pss, Pr5) ]
Male

Female

4.29(1.67,7.69)
130.92 + 15.77
87.66 +9.91
5.63(2.48,9.33)
2.50€0.51,13.57)
3.67(1.31,7.03)
1.16(0.65,2.43)
69.00(33.00, 121.00)
125.55(59.45,233.45)
5.70(3.90, 13.00)
5.92(4.59,18.26)
7.39(2.04,25.80)
15.40(1.28, 126.00)
2.92(1.24,10.100
31.45(8.60,239.70)
23.95(11.50, 107.70)
0.55(0.31,0.81)
0.22(0.12,0.30)
0.26(0.09,0.43)

116.59(8.79,453.69)
92.36(12.03,258.07)

3.84(1.13,6.71)
127.64 £ 14.46
86.43 +9.96
4.88(2.64,7.57)
1.32(0.47,9.03)
3.11(1.12,5.93)
1.4100.65,2.56)
68.00(34.00, 103.00)
446.85(67.38,200.81)
5.60(4.70,6.40)
6.31(6.11,6.99)
6.56(2.04,7.73)
13.00(4.79,46.00)
2.49(1.29,6.10)
24.50(9.80, 120.60)
21.70(12.30,49.40)
0.55(0.31,0.81)
0.22(€0.13,0.25)
0.26€0.09, 0.44)

146.06(67.80,232.44)
97.53(77.20,122.65)

3.96(1.57,7.14)
128.80 + 17.13
87.26 + 11.51
4.94(2.99,9.38)
1.71(0.49,5.79)
3.27(1.07,7.03)
1.41€0.82,2.39)
63.50(36.00, 107.00)
125.73(64.13,233.45)
5.50(4.40,6.40)
5.71(4.59,6.10)
8.50(7.81,10.64)
14.00(2.82,61.40)
2.63(1.13,7.17)
27.70(7.20,239.70)
22.90(11.50, 107.70)
0.53(0.31,0.79
0.22(0.13,0.29)
0.27(0.10,0.43)

138.30(25.78,453.69)
97.30(12.03,181.94)
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Index LD(n=166) 0B(n=134) RI(n=100) P

Age(years, % + 5) 40.55 +11.92 4375 + 11.61 53.51 +9.87 <0.001
Male[n(%)] 146(88.0) 109(81.3) 62(62.0) <0.001
BMI(kg/m* X + 5) 27.36 +3.59 30.76 = 3.06 23.03 +2.82 <0.001
BRILM(Pss, P5s) ] 4.33(2.26,7.69) 5.21(3.39,10.17) 3.41(1.51,6.63) <0.001
SBP(mmHg, X + s) 132.29 + 15.67 135.45 + 17.04 127.69 + 18.63 <0.001
DBP(mmHg, % + 5) 88.74 = 10.27 90.39 + 10.10 83.75 £ 11.96 <0.001
TCLmmol/L, M(Pss, P3s) ] 4.98(2.48,7.57) 4.90(2.38,7.65) 4.96(2.48,8.54) <0.001
TGLmmol/L, M(Pas, P+s)] 1.91€0.51,13.57) 1.70€0.52,8.07) 1.00€0.39,4.60) <0.001
LDL-CLmmol/L, M(Pys, P:5)] 3.27(0.83,5.93) 3.29(0.92,5.82) 3.12€0.83,4.99) <0.001
HDL-CLmmol/L, M(Pss, P+s) ] 1.25(0.65,2.71) 1.25(0.77,1.86) 1.54(0.66,2.71) <0.001
CREAL pmol/L, M(Pys, P;5)] 70.00(30.00,121.00)  70.00(37.00,109.00)  74.00(52.00,121.00)  <0.001
eGFR[mL/(min-1.73 m>), M(Ps5, P»)]  134.13(59.45,239.49)  141.18(79.55,243.95) 82.96(59.45,89.45)  <0.001
HbA1c[%, M(Pss, Pss) ] 5.60(3.90,11.60) 5.70(4.80,9.20) 5.50(4.70,9.40) <0.001
FBGLmmol/L, M(Pas, P:5)] 6.00(4.59,14.72) 6.03(4.48,14.16) 5.69(4.74,9.29) <0.001
BG2h[ mmol/L, M(Pys, P:5)] 7.33(3.32,25.80) 7.56(3.60,22.81) 6.67(2.04,18.28) <0.001
Flns[ pmol/L, M(Pss, P15) ] 16.35(3.51,126.00) 17.90(4.55, 126.00) 9.57(3.70,34.70) <0.001
FCPLpmol/L, M(Pss, P15) ] 3.00€0.71,10.10) 3.18(0.78,10.10) 2.01€0.82,4.01) <0.001
ALTLU/L, M(Pss, P+s) ] 55.95(15.50,478.60)  36.60(12.00,239.70) 19.25(6.90,160.40)  <0.001
ASTLU/L, M(Pas, Pss) ] 34.85(17.10,197.20)  25.10(11.80,107.70)  21.75(13.40,73.50)  <0.001
Carbohydrate intake[ %, M(Pas, P1s) ] 0.560.36,0.80) 0.54(0.29,0.73) 0.55(0.31,0.81) 0.22
Protein intake[ %, M(Pss, Pss) ] 0.22€0.13,0.29) 0.22€0.15,0.30) 0.22€0.12,0.31) 0.41
Fat intake[ %, M(Pas, P15) ] 0.25€0.09,0.40) 0.27€0.13,0.44) 0.26€0.09,0.43) 0.14
1,5-AG[ pmol/L, M(Pss, P35) ]

Male 120.41(8.79,254.56) 127.75(8.79,233.50) 130.53(25.78,244.14)  <0.001

Female 88.17(8.12,258.07) 86.82(35.23,163.64)  130.07(42.42,237.42)  <0.001

BMI: body mass index; BRI: body roundness indes; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol; TG: triglycer-

ides; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; CREA: serum creatinine; eGFR: estimated glomerular fil-

tration rate; HbA lc: glycated hemoglobin; FBG: fasting blood glucose; BG2h: 2-hour postprandial blood glucose; FCP: fasting C-peptide; ALT: alanine

aminotransferase; AST: aspartate aminotransferase. Age, BMI, SBP, and BDP are presented as mean (standard deviation) , while BRI, TC, TG, LDL-C,
HDL-C, CREA, eGFR, HbAlc, FBG, BG2h, Flns, FCP, ALT, AST, carbohydrate intake, fat intake, and 1,5-AG are presented as median (25th percen-

tile, 75th percentile). Differences between groups were analyaed using analysis of variance (ANOVA).
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Figure 1 Correlation analysis between 1,5-AG levels and clinical indicators
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Table 2 Multivariate regression analysis
Variable B SE t P
Intercept 301.93 20.33 14.85 <0.001
Female -31.38 3.36 -9.35 <0.001
Age 0.56 0.15 3.86 <0.001
BG2h -4.86 0.79 -6.13 <0.001
BMI -1.07 0.53 -2.00 0.046
FCP -8.34 3.36 -2.48 0.013
Flns 0.90 0.38 2.39 0.017
HbAlc -10.53 3.53 -2.98 0.003
LDL-C 19.70 4.53 435 <0.001
TC -22.00 3.84 -5.72 <0.001
Fat intake (%) -51.57 23.06 -2.24 0.026
7 okskek

*

~ 1504 ok
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E
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Q
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AHP DM HBP HLP IFG IGT LD OB RI
‘P <0.05,"P <0.01,and P <0.001.

E2 FREFIEARELS-AGKFZMESR
Figure 2 The 1,5-AG levels vary among populations with

different disease classifications
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Figure 3 Frequency distribution chart of 1,5-AG in different population groups
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Figure 4 The effect of age(A) and gender(B) on 1,5-AG

levels

Male Female

-

P <0.001 P <0.001

—_
W
L
—_
W
L

o
n

1,5-AG/eGFR ratio
=

1,5-AG/eGFR ratio
=) —
n =)

0- 0 T T
Male  Female Age<45 years Age=45 years

E5 eGFREFIERFHCAFERIBII1,5-AC K FHIZM
Figure 5 Influence of age (A) and gender(B) on 1,5-AG
levels after eGFR adjustment
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