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Estimated glucose disposal rate as a practical tool for non-alcoholic fatty liver
disease identification: A NHANES-based cross-sectional study uncovering its

protective threshold
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[Abstract] Objective To explore the early detection value of estimated glucose disposal rate (eGDR)
for non-alcoholic fatty liver disease (NAFLD), providing a simple tool for precise clinical intervention.
Methods A cross-sectional analysis was conducted on totally 3 262 participants with complete data from the
National Health and Nutrition Survey Database of the United States from 2007 to 2018. Univariate regression
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and multivariate logistic regression analyses were used to explore the correlation between the estimated
glucose treatment rate and the incidence of non-alcoholic fatty liver disease. Subgroup analysis, restricted
cubic spline and threshold effect analysis were conducted to investigate the potential factor influences and
nonlinear relationships. Result Among all the included populations, 948 cases (25.29%) were diagnosed
with NAFLD, and the number gradually decreased with the increase of the estimated glucose treatment rate
(P<0.001). Multivariate logistic regression showed that the estimated grape processing rate was negatively
correlated with non-alcoholic fatty liver disease (OR=0. 86, 95%CI: 0. 83~0. 88, P<0.001), and when the
estimated glucose processing rate was =10. 246, it could significantly reduce the risk of non-alcoholic fatty
liver disease (OR=0. 20, 95%CI:0. 10~0. 39, P<0. 001), and stratified analysis further confirmed this result.
Conclusion The eGDR is significantly associated with the incidence risk of NAFLD. A higher eGDR
indicates a lower risk of NAFLD. This implies that in clinical practice, the risk of disease detection can be
quantified through this indicator, thereby identifying potential patients earlier and initiating intervention.
Countermeasures As decision-makers, they should strengthen public health education on non-alcoholic
fatty liver disease, reduce health risks by promoting healthy diets and lifestyle interventions, and pay attention
to the cardiovascular health of high-risk groups for non-alcoholic fatty liver disease. At the same time, promote

the research and application of drugs, and dynamically adjust policies through continuous disease monitoring
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to comprehensively reduce the burden of non-alcoholic fatty liver disease.
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NHANES: National Health and Nutrition Examination Survey
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Figure 1 Flowchart of the participant selection from
NHANES 2007—2018
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#1 eGDR IS HMERIFE [z, #1(%) ]
Table 1 Basic characteristics of eGDR quartile groups [x+s,n(%) ]

Variable Overall(n=3 262) Q1(n =816) 02(n =815) 03(n=815) Q4(n=816) P
Agelyears <0.000 1

20~39 1118(39.48) 118(18.28) 162(24. 48) 330(42.23) 508(65. 44)

40~59 1103(36.09) 281(40. 05) 303(41.57) 291(39.73) 228(25.33)

=60 1041(24.43) 417(41.67) 350(33.95) 194(18.04) 80(9.23)

Gender 0. 004

Male 1612(48.77) 450(55.06) 404(48. 50) 430(54. 43) 328(38.65)

Female 1650(51.23) 366(44. 94) 411(51.50) 385(45.57) 488(61.35)

Race 0.01

Black 754(10.91) 237(13.41) 209(12.11) 139(8. 14) 169(10. 56)

Mexican American 450(9. 18) 105(7.57) 97(8.54) 158(12.91) 90(7.49)

Other Race 922(17.01) 165(12.42) 224(18.22) 251(17.11) 282(19. 65)

White 1136(62.91) 309(66. 60) 285(61.13) 267(61. 85) 275(62. 30)

Education 0.1

High school 1079(33.56) 282(36.74) 273(33.58) 276(35.77) 248(28.95)

Below high school 211(2.78) 69(3. 40) 49(2.73) 63(3.45) 30(1.72)

Beyond high school 1970(63. 64) 465(59. 86) 491(63.69) 476(60.78) 538(69.33)

Marital Status <0. 001

Married 1952(61.78) 503(66.59) 484(62.98) 530(67. 04) 435(52.10)

Unmarried /divorced 1310(38.22) 313(33.41) 331(37.02) 285(32.96) 381(47.90)

PIR 0.94

<1 470(16. 18) 115(10.59) 118(12. 14) 118(11.11) 119(12.23)

1~3 1236(42.55) 310(32.75) 312(34. 42) 325(34. 66) 289(32.25)

>3 1199(41.27) 297(56. 66) 296(53. 44) 287(54.23) 319(55.52)

BMI /(kg/m®) <0. 000 1

<25 852(26.87) 6(0.72) 202(20. 85) 93(8.61) 551(69. 68)

25~<30 1 038(30. 38) 138(15.72) 314(34.59) 345(42.15) 241(28.10)

=30 1365(42.56) 670(83.56) 297(44.55) 376(49.24) 22(2.21)

Alcohol 0.48

Heavy 727(24.63) 165(23.77) 165(23. 64) 207(27.01) 190(23. 87)

Moderate 1474(44.95) 406(47.17) 381(46.10) 348(45.76) 339(41.53)

Mild 670(22.27) 154(20. 68) 154(21.13) 165(20.28) 197(26.26)

Never 391(8.15) 91(8.39) 115(9.13) 95(6.94) 90(8. 33)

Smoking 0.22

No 2656(83.22) 683(87.05) 647(81.11) 663(82.26) 663(82.67)

Yes 606(16.78) 133(12.95) 168(18.89) 152(17.74) 153(17.33)

Hypertension <0. 000 1

No 1869(63.14) 38(6.02) 238(33.95) 777(96.76) 816(100. 00)

Yes 1.393(36. 86) 778(93.98) 577(66. 05) 38(3.24) 0
Hyperlipidemia <0.000 1

No 1.070(34. 20) 150(17. 10) 185(23.75) 253(31.16) 482(58.77)

Yes 2192(65. 80) 666(82.90) 630(76.25) 562(68. 84) 334(41.23)

CKD <0.000 1

No 2691(86.52) 573(74. 65) 640(86. 86) 721(93.05) 757(95.61)

Yes 501(11.59) 228(25.35) 158(13. 14) 73(6.95) 42(4.39)

NAFLD <0.000 1

No 2314(74.71) 495(65.18) 563(71.40) 549(70.16) 707(89.12)

Yes 948(25.29) 321(34.82) 252(28.60) 266(29. 84) 109(10. 88)
eGFR/(mL/min/1. 73m?) 95.98(0. 88) 89.76(1.27) 90.58(1.42) 96.63(1.51) 104. 51(0. 76) <0.000 1
Total energy intake/kcal 2196. 82+22. 85 2234.45+54. 42 2 186. 55+46. 64 2225. 62+39. 87 2 147. 73+47. 66 0.5
HbA1¢/% 5. 62+0. 02 6.24+0. 08 5.65+0. 03 5.48+0. 03 5.22+0. 02 <0.000 1
ALT/(U/L) 23.96=+0. 51 28.26+0. 99 26. 11+1. 64 24. 66+0. 90 18.21+0. 66 <0.000 1
AST/(U/L) 22.82+0. 43 24.29+1.08 23.95+1. 00 22.29+0. 44 21.25+0. 97 0.22
Uric acid/(mg/dL) 5.39+0. 04 5.97+0. 08 5. 64+0. 08 5.43+0. 08 4.70+0. 06 <0.000 1

PIR: Poverty-to-income ratio; BMI: Body mass index; CKD: Chronic kidney disease; NAFLD: Non-alcoholic fatty liver disease;

eGFR: Estimate glomerular filtration rate; HbAlc: hemoglobin Alc; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase
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Table 2 Univariate analysis of the prevalence of NAFLD

Variable OR(95% CI) P Variable OR(95% CI) P
Agelyears BMI/(kg/mz)
20~39 ref ref <25 ref ref
40~59 1.81(1.39~2.35) <0.001 25-30 2.50(1.65~3.78) <0. 001
=60 2.98(2.51~3.52) <0.000 1 =30 3.44(2.27~5.20) <0. 000 1
Gender Alcohol
Female ref ref Heavy ref ref
Male 0.53(0. 42~0. 67) <0.000 1 Moderate 1.21(0.91~1.59) 0.17
Race Mild 1.32(0. 86~2.03) 0.18
White ref ref Never 4.42(2.70~7.22) <0.000 1
Black 1.02(0.71~1.48) 0. 89 Smoking
Mexican American 1.12(0. 75~1. 67) 0.55 No ref ref
Other Race 0.95(0.70~1.29) 0.74 Yes 0. 80(0. 64~0.99) 0. 04
Education Hypertension
Below high school ref ref No ref ref
High school 0.89(0. 60~1. 30) 0.51 Yes 1.62(1.32~1.98) <0. 001
Beyond high school 0.79(0. 63~0.98) 0.04 Hyperlipidemia
Marital. Status No ref ref
Married ref ref Yes 2.00(1.42~2.82) <0. 001
Unmarried/divorced 0.65(0.52~0. 83) 0. 002 CKD
PIR No ref ref
<1 ref ref Yes 1.51(1.03~2.20) 0. 04
1~3 0.77(0.52~1. 16) 0.20
>3 0.75(0.52~1. 10) 0.13

NAFLD: Non-alcoholic fatty liver disease; PIR: Poverty-to-income ratio; BMI: Body mass index; CKD: Chronic kidney disease

%3 eGDR5NAFLD XM EEESHT

Table 3 Multivariate logistic analysis of the association between eGDR and NAFLD

Model 1 Model 2 Model 3
Variable
OR (95%CI) P OR (95%CI) P OR (95%CI) P

eGDR 0. 86 (0. 83~0. 83) <0. 001 0. 87 (0. 84~0. 89) <0. 001 0. 86 (0. 83~0. 89) <0. 001
eGDR-Quantile

Q1 1.00 1.00 1. 00

Q2 0. 69 (0. 56~0. 85) <0. 001 0. 66 (0. 54~0. 82) <0. 001 0.65 (0.51~0. 82) <0. 001

Q3 0.75 (0. 61~0.92) 0. 005 0.84 (0. 67~1.04) 0. 107 0.82 (0. 64~1.04) 0. 105

Q4 0.24 (0. 19~0. 30) <0. 001 0.26 (0.20~0. 34) <0. 001 0.24 (0. 18~0. 33) <0. 001

OR: Odd Ratio; CI: Confidence interval; eGDR :estimated glucose disposal rate; Model 1: Unadjusted; Model 2: Adjust: Gender, Race,
Race; Model 3: Adjust: Age, gender, race, PIR, education, alcohol, CKD, smoking, CVD, Marital, eGFR; PIR: Poverty-to-income

ratio; CKD: Chronic Kidney Disease; CVD: Cardiovascular disease; eGFR: Estimated glomerular filtration rate
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P for overall <0.001
P for nonlinear=0.009

Odds ratio (95%Cl)

eGDR

eGDR: Estimated glucose disposal rate

B2 BREIMEZIREFRITIRE eGDR 5 NAFLD YK EX
Figure 2 Restrictive cubic spline analysis of the association
between eGDR and NAFLD
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Figure 3 Smooth curve fitting and threshold effect analysis
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Table 4 Threshold effect analysis between eGDR 5 NAFLD

Result OR(95%CI) P
Model 1 0. 84 (0. 82~0. 87) <0. 001
Model 2 (Two-segment linear regression fitting model ) 10. 246
<10. 246 0.91 (0. 88~0.95) <0. 001
=10. 246 0.20 (0. 10~0. 39) <0. 001
Likelihood ratio P <0. 001
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Table 5 Subgroup analysis

Variable n (%) OR (95%CI) P P for interaction
Agelyears 0.761
20~39 1118 (34.27) 0.86 (0. 75~1.00) 0. 054
40~59 1103 (33.81) 0.77 (0. 67~0. 88) <0. 001
=60 1041 (31.91) 0.75 (0. 65~0. 87) <0. 001
Gender 0. 027
Female 1 650 (50.58) 0. 75 (0. 68~0. 84) <0.001
Male 1612 (49.42) 0.87 (0. 76~1. 00) 0. 045
Race 0.193
White 1136 (34.83) 0. 83 (0. 73~0.95) 0. 005
Mexican American 450 (13.80) 0.78 (0. 61~0.99) 0. 045
Black 754 (23.11) 0.79 (0. 68~0.92) 0. 002
Other race 922 (28.26) 0. 80 (0. 67~0.96) 0.015
Marital Status 0.173
Married 1952 (59. 84) 0.79 (0. 71~0. 88) <0. 001
Unmarried/divorced 1310 (40. 16) 0. 80 (0.71~0.91) <. 001
PIR 0. 669
<1 470 (16. 18) 0.81 (0. 67~0.99) 0. 037
1~3 1236 (42.55) 0.75 (0. 66~0. 84) <0. 001
>3 1199 (41.27) 0. 83 (0.73~0.94) 0. 005
Education 0.779
Below high school 211 (6.47) 0.77 (0. 46~1.29) 0.321
High school 1079 (33.10) 0.79 (0. 68~0.90) <0. 001
Beyond high school 1970 (60.43) 0. 80 (0. 72~0. 88) <0. 001
Alcohol 0. 041
Mild 670 (20.54) 0. 72 (0. 60~0. 86) <0. 001
Moderate 1474 (45.19) 0. 80 (0. 71~0. 90) <0. 001
Heavy 727 (22.29) 0.91 (0. 76~1. 08) 0. 286
Never 391 (11.99) 0.59 (0. 43~0. 82) 0. 001
Smoking 0.323
No 2656 (81.42) 0.78 (0. 71~0. 85) <0. 001
Yes 606 (18.58) 0. 85 (0. 70~1. 04) 0.115
CKD 0.232
No 2691 (84.30) 0.77 (0. 70~0. 84) <0. 001
Yes 501 (15.70) 0.87 (0.73~1.03) 0. 108
Hyperlipidemia <0. 001
No 1070 (32.80) 0.78 (0. 65~0.92) 0. 003
Yes 2192 (67.20) 0. 80 (0. 73~0. 88) <0. 001
Hypertension 0.599
No 1869 (57.30) 0. 80 (0. 71~0.90) <0. 001
Yes 1393 (42.70) 0.79 (0. 71~0. 88) <0. 001
BMI/(kg/m®) <0. 001
<25 852 (26. 18) 0. 47 (0. 34~0. 64) <0. 001
25~<30 1038 (31.89) 0.77 (0. 63~0. 94) 0. 009
=30 1365 (41.94) 0. 86 (0. 78~0.95) 0. 002

OR: Odd Ratio; CI: Confidence interval; PIR: Poverty—to—income ratio; BMI: Body mass Index; CKD: Chronic kidney disease
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Table 6 Sensitivity analysis

— Model 1 Model 2 Model 3
OR (95%CI) P OR (95%CI) P OR (95%CI) P
eGDR 0.87 (0. 84~0.91) <0.001 0. 84 (0. 80~0. 88) <0.001 0. 84 (0. 80~0. 88) <0.001
eGDR-Quantile
01 1.00 1.00 1.00
02 0. 67 (0. 50~0. 89) 0. 006 0. 63 (0. 47~0. 84) 0. 002 0. 62 (0. 47~0. 84) 0. 002
03 1.00 (0. 75~1.35) 0.974 0.86 (0. 63~1. 18) 0.353 0.86 (0. 62~1.17) 0.331
04 0.28 (0. 20~0. 39) <0.001 0.23 (0. 16~0. 32) <0.001 0.22 (0. 16~0. 32) <0.001

OR: Odd Ratio; Cl: Confidence interval; eGDR: estimated glucose disposal rate; Model 1: Unadjusted; Model 2: Adjust: Gender,

Race; Model 3: Adjust: Age, gender, race, PIR, education, alcohol, CKD, smoking, CVD, Marital, eGFR; PIR: Poverty-to-income

ratio; CKD: Chronic Kidney Disease; CVD: Cardiovascular disease; eGFR: Estimated glomerular filtration rate
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