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A negative correlation of low estimated
glucose disposal rate with significant liver
fibrosis in adults with NAFLD and obesity:
results from NHANES 2017-2020
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Abstract

Background and aim Nonalcoholic fatty liver disease (NAFLD) with liver fibrosis is associated with liver-related
mortality and cardiovascular disease. Estimated glucose disposal rate (€GDR), which is an insulin resistance-related
index, is related to the mortality caused by NAFLD. This study aimed to investigate the predictive value of eGDR for
liver fibrosis in patients with NAFLD.

Methods The data from the National Health and Nutrition Examination Survey 2017-2020.03 were analyzed in the
present study. NAFLD was diagnosed using the controlled attenuation parameter (CAP) tests using FibroScan® model
502 V2 Touch.

Results The data from 1585 individuals were analyzed, including 224 with significant fibrosis and 1361 with
nonsignificant fibrosis. Individuals with significant fibrosis were older and had higher CAP values and lower eGDRs
(both P<0.01). A negative correlation was found between eGDR and stiffness degrees (odds ratio: 0.643, 95%
confidence interval: 0.643-0.726, P<0.001); the correlation was also significant after adjusting for age, sex, and
ethics (P<0.001). For participants with obesity and overweight, eGDR was negatively correlated with age, CAP, body
mass index (BMI), waist circumference, C-reactive protein level, and white blood cell (WBC) count (all P<0.05). The
multivariate analysis revealed that age, eGDR, BMI, aspartate aminotransferase (AST), and WBC and platelet (PLT)
counts (all P<0.05) were independent risk factors for significant fibrosis. A model incorporating eGDR, BMI, age, AST,
WBC, and PLT had an AUROC of 0.822, and was superior to conventional noninvasive scoring systems, including

the AST-to-PLT ratio index, fibrosis-4 level, and gamma-glutamy! transpeptidase to platelet ratio for individuals with
obesity (all P<0.01).

Conclusion Low eGDR was negatively correlated with liver fibrosis in individuals with NAFLD and obesity, and a
model incorporating eGDR, BMI, age, AST, WBC, and PLT demonstrated strong predictive value for fibrosis evaluation.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is character-
ized by the presence of steatosis in >5% of hepatocytes in
patients without a history of heavy drinking (daily alco-
hol intake of >20 g for women or 30 g for men) and with-
out other identified etiology of steatosis. Patients with
NAFLD can develop progressive liver fibrosis, cirrhosis,
hepatocellular carcinoma, and cardiovascular disease [1].
NAFLD has emerged as a global health challenge, with its
remarkably high prevalence of 30.2% and its association
with serious health consequences [2-4].

NAFLD with advanced liver fibrosis is associated
with liver-related mortality and cardiovascular disease
[5]. Hence, identifying patients with significant liver
fibrosis and at high risk of disease progression is cru-
cial. Although liver biopsy is efficient, it is invasive and
unfeasible for most patients. Noninvasive scoring sys-
tems (NSSs), including aminotransferase-to-platelet
ratio index (APRI), fibrosis-4 (FIB-4) level, and gamma-
glutamyl transpeptidase to platelet ratio (GPR), can accu-
rately evaluate liver fibrosis in patients with chronic viral
hepatitis. However, the prediction value is not optimal in
patients with NAFLD [6, 7]. The sensitivity and specific-
ity of FIB-4 are 30.4% and 54.8% in diagnosing metabolic
dysfunction-associated steatotic liver disease [6]. More
convenient and accurate methods are needed to monitor
fibrosis progression in clinical practice.

Obesity is a significant risk factor for metabolic dis-
orders, with visceral adipose tissue affecting insulin
sensitivity and aggravating disease progression [8]. The
prevalence of NAFLD demonstrates a marked increase
among overweight and obese individuals compared to
those with normal-weight [9, 10]. Notably, metabolic
dysfunction-associated steatohepatitis exhibits par-
ticularly high incidence rates in populations with severe
obesity [11]. However, the clinical management of these
conditions faces challenges due to the lack of reliable
non-invasive biomarkers for predicting steatohepatitis
[11]. Despite these limitations, body mass index (BMI)
remains the predominant clinical parameter for classify-
ing individuals into overweight and obesity categories.

Increasing evidence supports the association between
insulin resistance (IR) and NAFLD in patients with and
without obesity [12]. IR was also associated with liver
fibrosis in nondiabetic patients with NAFLD [13]. IR-
related indexes can serve as biomarkers to predict out-
comes or as surrogate targets to mitigate liver damage
progression [14, 15]. The estimated glucose disposal
rate (eGDR), serving as a reliable indicator of IR, is cal-
culated through a formula that incorporates three key

parameters: waist circumference (WC), hypertension
status, and hemoglobin Alc (HbAlc) levels [16]. Among
these parameters, WC represents a well-established mea-
sure of central adiposity, whereas both hypertension and
HbAlc serve as important markers of metabolic dysregu-
lation. Lower eGDR was reported to be associated with
high mortality caused by NAFLD [15]. Recent study has
indicated that individuals with severe obesity might be
at higher risk of advanced liver fibrosis [11]. Given that
screening for significant fibrosis is advised in patients
with NAFLD, and eGDR is an important IR-related
index, it is important to explore the relationship between
eGDR and fibrosis degrees in NAFLD patients, especially
regarding its variation with BMIL

This study investigated the effectiveness of eGDR in
predicting fibrosis degrees in US adults with obesity,
overweight, and normal weight, and developed a new
optimal model for fibrosis evaluation.

Materials and methods

Data sources

The data from the National Health and Nutrition Exami-
nation Survey (NHANES) 2017-2020.03 were analyzed
in the present study. Data on demographic characteris-
tics, physical examination, laboratory tests, and question-
naire were collected.

The data were pooled using EmpowerStats (www.
empowerstats.com) according to the respondent
sequence number. A total of 4437 adult participants
underwent tests for glycohemoglobin, viral hepatitis,
high-sensitivity C-reactive protein (CRP), plasma fast-
ing glucose, standard biochemistry profile, urine preg-
nancy tests, total cholesterol (TC), triglyceride (TG),
and complete blood counts. Also, they were subjected to
FibroScan model 502 V2 Touch tests and participated in
a survey for alcohol use, blood pressure, and diabetes. As
shown in the flow chart (Fig. 1), the following individuals
were excluded: 582 with positive viral hepatitis markers,
37 who were pregnant, 251 heavy drinkers, 75 missing
BMI data, 185 missing stiffness data, 84 missing WC,
128 missing platelet counts, 127 missing aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT)
data, 230 missing blood pressure records, 5 missing
HbA1lc, and 1148 with a controlled attenuation parame-
ter (CAP) <248 dB/m. Men who had >3 drinks per day or
women who had >2 drinks per day were defined as heavy
drinkers [17, 18]. In accordance with established diagnos-
tic criteria outlined in previous publications, participants
exhibiting CAP <248 dB/m were excluded from the anal-
ysis. Consequently, a total of 1,585 individuals meeting
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4437 adult participants had sufficient information for analysis

582 with positive viral hepatitis markers,
37 with pregnancy,

251 with heavy drinks,

75 missing BMI data,

185 missing stiffness data,

84 missing waist circumference,

128 missing platelet counts,

117 missing alanine aminotransferase,
10 missing aspartate aminotransferase,
230 missing blood pressure records,

5 missing hemoglobin Alc,

1148 with controlled attenuation parameter <248 dB/m

| 1585 individuals with NAFLD |

|

! ! l

954 with obesity | | 459 with overweight | 172 with normal weight
| | |
N v N v v v
192 with 762 with 23 with 436 with 9 with 163 with
significant non-significant significant non-significant significant non-significant
fibrosis fibrosis fibrosis fibrosis fibrosis fibrosis

Fig. 1 Flow chart of the study

the diagnostic threshold of CAP>248 dB/m were iden-
tified as having NAFLD [19, 20]. Significant fibrosis was
considered when liver stiffness was >8.1 kPa [21].

Apart from AST and ALT, data on covariates, including
y-glutamyl transferase (GGT), uric acid (UA), CRP, TC,
and TG levels, as well as WBC and PLT counts, were also
collected.

Definitions of eGDR and significant fibrosis

The eGDR was calculated using the following formula:
eGDR=21.158 - (0.09 x WC) - (3.407 x HT) - (0.551 x
HbA1lc) [WC=waist circumference (cm), HT = hyperten-
sion (yes=1/no=0), and HbAlc=HbAlc (%)].The par-
ticipants were divided into three groups: normal weight
(BMI <25 kg/m?), overweight (BMI 25-29.9 kg/m?), and
obesity (BMI>30 kg/m?), calculated as BMI = body mass
(kg)/height? (m?). Conventional NSSs, including FIB-4,
GPR, and APRI, were calculated as previously reported
[22].

Statistical analysis

The data were analyzed using SPSS version 25.0 (NY,
USA) and MedCalc version 20.1.0 (Medcalc Software,
Mariakerke, Belgium). The continuous variables were
expressed as median with interquartile range, and the
categorical values as frequencies. The Mann—Whitney U

test was used for continuous variables, whereas the chi-
square test was used for categorical variables. Multivari-
ate logistic regression analysis was performed to analyze
independent risk factors for significant fibrosis. A website
tool (https://hiplot.com.cn) was used to create the corr
elation heatmaps. Several NSSs were compared accord-
ing to the area under the curve of the receiver operating
characteristics. A two-sided P value <0.05 indicated a sta-
tistically significant difference.

Results

Characteristics of participants

The data from 1585 individuals were analyzed, including
224 participants with significant fibrosis and 1361 with
nonsignificant fibrosis (Table 1). Individuals with signifi-
cant fibrosis were older and had higher levels of various
biomarkers, including CAP, BMI, ALT, AST, GGT, UA,
CRP, and WBC count (all P<0.01) and lower eGDR and
platelet count (all P<0.01). More participants in the sig-
nificant fibrosis group had hypertension (P=0.039) and
diabetes (P<0.01).

Association between eGDR and liver stiffness

A negative correlation was found between eGDR and
stiffness degrees [odds ratio (OR): 0.643, 95% confidence
interval (CI): 0.643-0.726), P<0.001], and this correlation
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Table 1 Characteristics of participants with NAFLD and
significant fibrosis

Variable Nonsignificant Significant Pvalue
fibrosis (n=1361) fibrosis(n=224) (
Age 53.00 57.00 (18.00-80.00)  0.004
(18.00-80.00)
Stiffness, kPa 5.00 (1.60-8.10) 10.75 (8.20-69.10) <0.001
CAP, dB/m 294.00 34200 <0001
(248.00-400.00) (251.00-400.00)
eGDR 8.09 (1.45-12.42) 542 (146-11.22) <0.001
BMI, kg/m2 30.80 37.35(19.70-67.00)  <0.001
(16.30-65.30)
ALT, U/L 19.00 24.00 (10.00-181.00) <0.001
(3.00-159.00)
AST, U/L 19.00 21.00 (9.00-272.00) <0.001
(8.00-112.00)
GGT, U/L 23.00 30.00 (10.00-708.00) <0.001
(5.00-300.00)
UA, mmol/L 327.10 362.80 <0.001
(95.20-660.20) (178.40-612.60)
CRP. mg/L 248(0.11-12434) 387 (O 20-49.40) 0.001
TC, mmol/L 4.72 (1.97-9.26) 445 (1.99-11.07) <0.001
TG, mmol/L 1.20 (0.20-8.81) 1.32 (O 24-15.89) 0.042
WBC, x10%/L 6.70 (1.90-24.00) 7.40 (3.60-20.60) <0.001
Platelet, x10%/L 245.00(71.00—662.00) 231.00(72.00— 0.007
540.00)
Sex 0.308
Male 673 (49.45%) 119 (53.12%)
Female 688 (50.55%) 105 (46.88%)
Ethnicity 0475
Mexican 205 (15.06%) 34 (15.18%)
American
Other Hispanic 149 (10.95%) 25(11.16%)
Non-Hispanic 490 (36.00%) 92 (41.07%)
White
Non-Hispanic 299 (21.97%) 48 (21.43%)
Black
Non-Hispanic 142 (10.43%) 15 (6.70%)
Asian
Other Race 76 (5.58%) 10 (4.46%)
Hypertension 309 (22.70%) 65 (29.02%) 0.039
Diabetes 222(16.3%) 90(40.2%) <0.001

The data were expressed as median (IQR) for continuous variables and n (%) for
categorical values, and compared using the Mann-Whitney U test or chi-square
test. ALT, Alanine aminotransferase; AST, aspartate transaminase; BMI, body
mass index; CAP, controlled attenuated parameter; CRP, C-reactive protein;
eGDR, estimated glucose disposal rate; GGT, y-glutamyl transferase; NAFLD,
nonalcoholic fatty liver disease; TC, total cholesterol; TG, triglyceride; UA, uric
acid; WBC, white blood cell

was also significant after adjusting for age, sex, and eth-
ics (OR: 0.668, 95% CI: 0.626-0.713, P<0.001). After
adjusting for variables such as age, sex, ethics, CAP, BMI,
platelet, ALT, AST, GGT, TC, TG, CRP, and UA levels,
and WBC count, eGDR remained negatively correlated
with stiffness degrees (OR: 0.840, 95% CI: 0.769-0.917,
P<0.001).

Furthermore, the participants were divided into three
groups: obesity (n=954), overweight (n=459), and
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normal-weight (n=172). In participants with obesity and
overweight, eGDR was negatively correlated with age,
CAP, BMI, WC, CRP level, WBC count, and liver stiff-
ness (all P<0.05). For participants with normal weight,
negative correlations were observed between eGDR and
age, CAP, BMI, WC, TC level, and TG level (all P<0.05).
However, the association between eGDR and liver stiff-
ness was not significant (+* = — 0k.077, P=0.314) (Fig. 2).

Development of a new model for predicting significant
fibrosis
As shown in Table 2, the univariate analysis showed that
age, eGDR, BMI, ALT and AST levels, and WBC and
platelet counts were associated with significant fibro-
sis (all P<0.01). Then, the multivariate analysis showed
that age (P<0.001), eGDR (P<0.001), BMI (P<0.001),
AST level (P<0.001), and WBC (P=0.025) and platelet
(P=0.002) counts were independent risk factors for sig-
nificant fibrosis.

A new model was developed based on the multivariate
analysis: Model(eGDR_BMI_age_ AST_WBC_PLT)(y=1)

exp(—5.976 — 0.203*eGDR + 0.106*BMI

+0.022*age + 0.049*AST + 0.086*WBC — 0.004*PLT)
1+ exp(—5.976 — 0.203*eGDR + 0.106*BMI
+0.022*age + 0.049*AST + 0.086*WBC — 0.004*PLT)

The AUROC of Model(eGDR_BMI_age AST_WBC_
PLT) was 0.822, which was significantly higher than
that of Model(eGDR) (AUROC=0.763, P<0.001) and
Model (BMI_age_AST_WBC_PLT) (AUROC=0.811,
and P=0.02) (Fig. 3A). Moreover, the AUROC of
Model(eGDR_BMI_age_AST_WBC_PLT) was also sig-
nificantly higher than that of APRI, GPR, and FIB-4
(AUROC=0.613, 0.657, and 0.579, respectively, all
P<0.001) (Fig. 3B). With an optimal cutoff value of 0.179,
Model(eGDR_BMI_age_AST_WBC_PLT) achieved
69.64% sensitivity and 82.29% specificity (Youden
index=0.519).

Application of the new model in participants with obesity,
overweight, and normal weight

For patients with NAFLD and obesity, the AUROCs of
APRI, FIB-4, and GPR in predicting significant fibrosis
were 0.623, 0.603, and 0.637, respectively. However, the
AUROC of the Model(eGDR_BMI _age AST_WBC_
PLT) was 0.798, which was significantly higher than those
of APRI, FIB-4, and GPR (all P<0.001). Moreover, no
significant difference was observed among the partici-
pants with NAFLD and overweight or normal weight (all
P>0.05) (Fig. 4).
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Fig. 2 Correlation of eGDR with clinical parameters in individuals with NAFLD and obesity (A), overweight (B), and normal weight (C). ALT, Alanine
aminotransferase; AST, aspartate transaminase; BMI, body mass index; CAP, controlled attenuated parameter; CRP, C-reactive protein; eGDR, estimated
glucose disposal rate; GGT, y-glutamyl transferase; NAFLD, nonalcoholic fatty liver disease; PLT, platelet; TC, total cholesterol; TG, triglyceride; UA, uric acid;

WBC, white blood cell

Table 2 Risk factors for significant fibrosis in participants with NAFLD

Variable Univariate Multivariate
Odds ratio 95% Cl P Odds ratio 95% Cl P

Age 1.013 1.004-1.022 0.004 1.022 1.010-1.034 <0.001
Sex 1.159 0.873-1.538 0.308

eGDR 0.683 0.643-0.726 <0.001 0815 0.752-0.883 <0.001
BMI 1.126 1.104-1.148 <0.001 111 1.083-1.140 <0.001
ALT 1.024 1.016-1.032 <0.001

AST 1.041 1.027-1.055 <0.001 1.050 1.034-1.066 <0.001
WBC 1.138 1.069-1.213 <0.001 1.091 1.011-1.177 0.025
Platelet 0.997 0.995-0.999 0.008 0.996 0.993-0.998 0.002

ALT, Alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; eGDR, estimated glucose disposal rate; NAFLD, nonalcoholic fatty liver disease;

TC, total cholesterol; WBC, white blood cell

Discussion
The present study investigated the role of eGDR in pre-
dicting significant fibrosis. The data from 1585 individu-
als with NAFLD showed that eGDR negatively correlated
with fibrosis degrees was an independent risk factor for
liver fibrosis. A new model incorporating eGDR, BMI,
age, AST, WBC, and PLT had higher accuracy than con-
ventional NSSs for individuals with NAFLD and obesity.
Increasing evidence shows an important role of IR in
NAFLD development and fibrosis progression [12, 13].
Thus, we hypothesize that eGDR, which is an IR-related
index, may be associated with liver fibrosis. The data from
participants with NAFLD and obesity showed a negative
correlation of eGDR with liver fibrosis, and a positive cor-
relation of CRP and WBC with liver fibrosis. In addition,
eGDR demonstrates a negative correlation with both
metabolic disturbance indices (CAP, BMI, and WC) and
nonspecific inflammatory markers (CRP levels and WBC
counts) in overweight and obese individuals. In contrast,
among normal-weight individuals, eGDR shows negative

correlations exclusively with metabolic parameters (CAP,
BMI, WC, TC, and TG levels), but not with inflammatory
markers. Hypersensitive CRP level has been reported to
be associated with NAFLD in nonobese individuals [23].
Given that non-obese individuals with varying degrees of
fibrosis severity exhibit significant alternations in micro-
biome diversity [24], gut microbiome-induced nonspe-
cific inflammation may play a more prominent role than
metabolic disorders in the progression of liver fibrosis. It
is unlikely that IR alone can fully explain the relationship
between eGDR and liver fibrosis, thus warranting further
investigation. These findings suggest a potential interac-
tion between nonspecific inflammation, gut microbiome
and IR, all of which may contribute to the pathogenesis of
fibrosis progression. Previous studies have revealed that
gut microbial therapy including probiotics and synbiot-
ics, could significantly reduce serum CRP levels among
NAFLD patients [25]. IR, lipid indices, liver steatosis
and fibrosis could also be improved by microbiome-tar-
geted therapies [26—28]. The dynamics of eGDR during
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microbiome-targeted therapies may represent a promis-
ing area for future research.

Obesity coupled with NAFLD is common in clini-
cal practice and presents as a complex IR-related issue.
Adults with significant liver fibrosis should be considered
for pharmacological intervention [29]. Although BMI,
age, AST, WBC, and PLT are independent risk factors
for significant fibrosis, eGDR can increase the predictive
accuracy of these parameters. The new model incorpo-
rating eGDR, BMI, age, AST, WBC, and PLT was supe-
rior to conventional NSSs for individuals with NAFLD
and obesity. Thus, it is a useful and convenient method
for significant fibrosis surveillance. We should pay more

attention to waist circumference, hypertension, and
HbAlc, especially in patients with obesity.

This study had certain limitations. First, it is a cross-
sectional study without long-term follow-up. Hence, the
dynamic changes in eGDR and liver fibrosis over a long
time should be compared. Second, we evaluated liver
fibrosis using the noninvasive FibroScan model 502 V2
Touch, which introduced potential selection bias, includ-
ing diagnostic bias. The clinical data from liver biop-
sies are needed to validate these findings. Liver biopsy,
being invasive and inconvenient for monitoring fibrosis
progression during follow-up, has seen limited wide-
spread use in clinical practice due to these constraints.
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FibroScan, offering valuable insights into fibrosis sever-
ity and prognosis, has emerged as an alternative method
for managing liver fibrosis. However, the accuracy of
FibroScan can be compromised by factors such as liver
inflammation, severe obesity, significant ascites, conges-
tion, or cholestasis [30]. Moreover, FibroScan is not avail-
able in many hospitals or regions, highlighting the need
for optimal non-invasive assessment techniques. Third,
the mechanism underlying the nonsignificant correla-
tion of eGDR with liver fibrosis in “lean NAFLD” remains
unclear.

Furthermore, emerging evidence suggests that a
rapid ascending trajectory of BMI demonstrates a sig-
nificant association with advanced fibrosis [31]. Given
that NAFLD represents a multifactorial disease entity,
additional determinants, such as socioeconomic sta-
tus, dietary patterns, physical activity, medication regi-
mens, socioeconomic status, and hepatic enzyme profiles
beyond conventional ALT and AST measurements, as
well as longitudinal changes in both BMI and waist cir-
cumference, may substantially influence both eGDR
and fibrosis progression. Although heavy drinks were
excluded from the analysis based on previous publica-
tions, the potential overlap between alcohol-related liver
damage and NAFLD cannot be entirely ruled out. These
compelling findings underscore the necessity for well-
designed cohort studies to systematically evaluate the
impact of these potential confounding factors on hepatic
fibrogenesis.

Conclusions

Low eGDR is negatively correlated with liver fibrosis
in individuals with NAFLD and obesity. A model that
includes eGDR, BMI, age, AST levels, WBC count, and
PLT count demonstrates strong predictive value for eval-
uating fibrosis.

Abbreviations

ALT Alanine aminotransferase

AST Aspartate transaminase

BMI Body mass index

CAP Controlled attenuated parameter

CRP C-reactive protein

eGDR Estimated glucose disposal rate

GGT y-glutamyl transferase

NAFLD  Nonalcoholic fatty liver disease

PLT Platelet

TC Total cholesterol

TG Triglyceride

UA Uric acid

WBC White blood cell

NSSs Noninvasive scoring systems

APRI Aminotransferase-to-platelet ratio index
FIB-4 Fibrosis-4

GPR Gamma-glutamyl transpeptidase to platelet ratio
WC Waist circumference

HbAlc  Hemoglobin Alc
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