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Purpose. Limited studies have preliminarily identified a positive association between nonalcoholic fatty liver disease (NAFLD) and
hemoglobin glycation index (HGI). However, this association has not been fully established. We aim to investigate the association
between NAFLD and HGI in Chinese nondiabetic individuals and to construct a risk score based on HGI to predict a person’s risk
of NAFLD.Methods. After strict exclusion criteria, 5,903 individuals were included in this retrospective cross-sectional study. We
randomly selected 1,967 subjects in the enrollment to obtain an equation of linear regression, which was used to calculate
predicted HbA1c and drive HGI. The other subjects were classified into four categories according to HGI level (≤− 0.22,
− 0.21∼0.02, 0.03∼0.28, and ≥0.29). All subjects retrospectively reviewed the baseline characteristics, laboratory examinations, and
abdominal ultrasonography. Results. The prevalence of NAFLD in this population was 20.7%, which increases along with the
growth of HGI levels (P< 0.001). Adjusted to multiple factors, this trend still remained significant (OR: 1.172 (95% CI,
1.074–1.279)). The combined NAFLD risk score based on HGI resulted in an area under the receiver operator characteristic curve
(AUROC) of 0.85 provided sensitivity, specificity, positive predictive value, and a negative predictive value for NAFLD of 84.4%,
71.3%, 65.0%, and 88.0%, respectively. Conclusions. NAFLD is independently associated with HGI levels in Chinese nondiabetic
individuals. And, NAFLD risk score may be used as one of the risk predictors of NAFLD in nondiabetic population.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) includes a wide
spectrum of progressive liver disorders ranging from simple
steatosis to nonalcoholic steatohepatitis (NASH), which may
lead to liver cirrhosis and even hepatocellular carcinoma
[1–3]. NAFLD has been proved to be associated with insulin
resistance-related diseases, such as type 2 diabetes, obesity,
and metabolic syndrome, and induced atherosclerosis [4–7].
The global prevalence of NAFLD is currently estimated to be
14–32% [6]. And, in China, the incidence of NAFLD is
reckoned to be approximately 20.0% [8], which is rapidly
increasing due to the more frequent occurrence of metabolic
syndrome [9]. Currently, NAFLD has become the main

cause of abnormal liver biochemical indicators in health
checkups in China, which is the major issue of chronic liver
disease worldwide.

Glycated hemoglobin (HbA1c) represents a 2-3- month
average of blood glucose concentration [10], which is the
gold standard for evaluating glycemic status and the efficacy
of various therapeutic schedules [11, 12]. However, recent
researches had shown that considerable biological variation
of HbA1c was not only affected by blood glucose levels but
also influenced by interindividual biological differences
[13, 14]. That means, even at the same blood glucose level,
the level of HbA1c could be different. To overcome these
disadvantages, in 2002, Hempe et al. developed a mathe-
matical method which termed hemoglobin glycation index
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(HGI) to quantify the disparity between measured HbA1c
and predicted HbA1c [15, 16]. Nowadays, a few articles have
been reported studying the relationship between HGI and
nondiabetic individuals [17–19]. Obviously, HGI has been
used to represent the nonenzymatic protein glycation, which
is known to play a key role in the pathogenesis of NAFLD
[20, 21]. However, only two studies had been carried out to
assess the correlation between HGI and NAFLD in non-
diabetic individuals [17, 22]. The aims of our study were (1)
to assess the prevalence of NAFLD among nondiabetic
Chinese adults; (2) to investigate whether HGI is associated
with the prevalence of NAFLD and related to biomarkers in
Chinese nondiabetic subjects; and (3) to construct a risk
score to conveniently predict a person’s risk of NAFLD.

2. Materials and Methods

2.1. Subjects. This cross-sectional analysis was performed in
the First Affiliated Hospital of Wenzhou Medical University
(Zhejiang, China) from July 2014 to August 2017. Initial data
were obtained from 13,399 subjects volunteered for a com-
prehensive health checkup. Finally, 5,903 subjects were
excluded from the initial study population according to the
following exclusion criteria: (1) positive serologic markers
for hepatitis B (n� 4363) and/or hepatitis C (n� 946) virus;
(2) fasting plasma glucose (FPG) concentration≥126mg/dl
or HbA1c≥6.5% (n� 771); (3) thyrotoxicosis or hypothy-
roidism with free T4> 1.2 ng/dl or<0.6 ng/dl (n� 177); (4)
abnormal ultrasonographic findings including liver cirrhosis
or malignancy (n�60), hepatitis A (n� 1), alcoholic hepatitis
(n� 2), chronic kidney disease including polycystic kidney
disease (n� 3); (5) age<18 (n� 8); (6) anemia with hemo-
globin levels<12 g/dl (n� 142); (7) alcohol intake>20 g per
day (n� 1009). After applying the above exclusion criteria,
the total number of subjects eligible for the study was 5,903
(3,546 male and 2,357 female) (Figure 1).

2.2. Measurements and Laboratory Tests. Patients’ heights
(measured to the nearest 0.1 cm) and weights (measured to
the nearest 0.1 kg) weremeasured with light clothing by well-
trained nurses in the morning. Body mass index (BMI, kg/
m2) was calculated as weight divided by the height. Blood
pressure was measured in the right arm at the same level as
the left atrium in a seated state with a standard automatic
sphygmomanometer (Omron, model 705 cp, Kyoto, Japan).
After 12 h of overnight fasting, blood samples were collected
from the antecubital vein by experienced nurses. Blood
routine including hemoglobin, platelets, white blood cells
(WBC), and biochemical markers such as albumin, HbA1c,
FPG, total cholesterol (TC), low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglyceride (TG), gamma glutamyltransferase
(GGT), alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) were subsequently analyzed by an
automated analyzer (Abbott AxSYM, Park, IL). All the
participants routinely underwent the abdominal ultraso-
nography scanning (Siemens, Munich, Germany) by expe-
rienced radiologists, all of whom were blinded to the clinical

status of the subjects. And, the fatty liver was diagnosed
based on the guidelines for the diagnosis and treatment of
nonalcoholic fatty liver disease, including (1) the near field
echo of the liver is diffusely enhanced and stronger than the
echo of the kidney; (2) liver brightness; and (3) vascular
blurring [23].

2.3. Calculation of HGI, HSI, and NFS. We randomly se-
lected 1,967 subjects in the enrollment, and by inserting FPG
into a population regression equation expressing the linear
association between HbA1c and FPG; we drove the pre-
dicted HbA1c, which is defined as follows: HbA1c � 0.146∗
FPG(mmol/1) + 4.663. And, HGI is expressed as measured
HbA1cminus predicted HbA1c. In a word, HGI is calculated
as the difference between the observed HbA1c and the
predicted value of HbA1c based on plasma glucose con-
centration [15, 24]. The other 3,936 subjects were classified
into four categories according to HGI levels (≤− 0.22,
− 0.21∼0.02, 0.03∼0.28, and ≥0.29), which were defined as
lowest, low, moderate, and high, respectively.

The Hepatic Steatosis Index (HSI) is a preliminary
screening tool for NAFLD, which uses a formula based on
BMI, ALT (IU/L), and AST (IU/L), and the presence or
absence of diabetes as follows: HSI � 8∗(ALT/AST ratio) +
BMI(+2, if T2DM;+2, if female). Additionally, NAFLD was
defined as HSI above 36 [25].

TheNAFLD Fibrosis Score (NFS) is an invasive approach to
detect liver fibrosis as follows: NFS � − 1.675 + 0.037∗ age
(years) + 0.094∗BMI(kg/m2) + 1.13∗ impaired fasting glucose
(IFG) or diabetes (yes � 1, no � 0) + 0.99∗AST/ALT ratio
–0.013∗ platelet(∗109/L)–0.66∗ albumin(g/dL). NFS<−
1.455 predicts a low probability of advanced fibrosis [26].

2.4. Statistical Analyses. Data for continuous variables were
expressed as mean values with standard deviation and as
percentages for categorical variables. One-way analysis of
variance with Bonferroni’s method, post hoc analysis, and Chi-
squared test were used to compare statistical differences in the
characteristics of the study participants at baseline among the
groups. Univariate logistic regression analysis was acted out to
explore the risk factors of NAFLD by ultrasonography.Multiple
logistic regression analysis was executed to estimate the OR and
95% CI for the association of categorized HGI levels with the
risk of NAFLD. The area under the curve of the receiving
operating characteristic (ROC) was used to evaluate the sen-
sitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of the proposed risk score for the
prediction of NAFLD. Statistical data analysis was performed by
using the SPSS version 25.0 for Windows. And, statistical
significance was set at <0.05.

3. Results

3.1. Characteristics of Study Participants According to HGI
Quartiles. Study population comprised 3,936 participants,
of whom 2,349 (59.7%) were male. Of the subjects at
baseline, the participants older than 50 years old and with
a BMI ≥25 were 1,437 (36.5%) and 1,278 (32.5%),
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respectively. Overall, the participants were relatively young
and not obese, with the mean age of 47.7± 11.0 years old and
mean BMI 23.8± 3.2 kg/m2. The baseline of anthropometric
features and biochemical findings of the study population
was stratified according to quartiles of HGI value showed in
Table 1. Statistically significant differences among groups
were found with respect to the following variables: (1) the
anthropometric parameters such as age, gender, SBP, DBP,
and BMI; (2) the inflammatory markers such as platelets and
WBC; (3) the biomarker of liver damage, e.g., ALT, AST, and
GGT; (4) the biochemical indicators such as FPG, creatinine,
TC, TG, HDL-C, and LDL-C; (5) the indicator of hepatic
steatosis such as HSI; (6) the indicator of hepatic fibrosis,
NFS, for example, see Figure 2. Accordingly, we found an
increase in the prevalence of hepatic steatosis diagnosed by
ultrasonography and HSI in Q1∼Q4 groups (Figure 3).

3.2. Association between HGI and the Prevalence of NAFLD.
To investigate the potential interactions affecting the
prevalence of NAFLD, univariate logistic regression analysis
was performed as shown in Table 2. It was shown that male,
fat, hyperlipidemia, high levels of HbA1c, ALT, AST, GGT,
and HSI, and the inflammatory markers were risk factors for
NAFLD. Furthermore, in our study, HGI was found having
a strong link with the incidence of NAFLD. Table 3 showed
the independent association between NAFLD defined by
abdominal ultrasound and HGI level performed by multi-
variate analysis. Before adjustment for any multiple con-
founding factors, the high HGI quartiles were associated
with higher risk of hepatic steatosis (OR: 1.281 (95% CI,
1.194–1.375)). After adjustment for age, gender, BMI, ALT,
AST, HDL-C, TG, FPG, GGT, WBC, blood pressure, al-
cohol, smoking, and albumin, this trend still remained
significant (OR: 1.172 (95% CI, 1.074–1.279)).

3.3. Construction of a Risk Score for NAFLD. According to
the results, the variables such as HGI, TG, FPG, BMI, ALT,
HDL-C, and WBC were the key risk factors (P< 0.05).
We put them into the model, which determined the risk
of NAFLD (NAFLD risk score � 0.363HGI + 0.744 ln TG+
1.674 ln FPG+ 0.213 BMI+ 1.361 lnALT − 0.425HDL − C+
0.130WBC − 14.381). The area below the ROC curve of this
model was 0.85, and an optimal cutoff value of 0.174 gen-
erated sensitivity, specificity, positive predictive value, and
a negative predictive value for NAFLD of 84.4%, 71.3%,
65.0%, and 88.0%, respectively. The AUC of HSI was 0.82,
and a cutoff value of 33.1 gave a sensitivity of 82.1% and
a specificity of 68.6% for detecting the presence of NAFLD
(Figure 4).

4. Discussion

Previous studies have reported that HGI represents the
degree of nonenzymatic hemoglobin glycation, and it has
been found to promote the development of microvascular
and macrovascular complications in diabetic subjects. Using
HGI analysis to the Diabetes Control and Complications
Trial (DCCT), it has been proved that the higher the HGI,
the greater the risk of retinopathy and nephropathy in the
patients with type 1 diabetes [27]. Similarly, in population
with type 2 diabetes participating to the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial, we could
get the same conclusion at the baseline [28]. Furthermore,
recent studies had shown that even within the normal blood
glucose level, the higher HGI level may identify subjects with
an increased risk of insulin resistance, carotid atherosclerosis
[18], and fatty liver [17, 29].

The first study demonstrated the relationship between
NAFLD andHGI in 1,120 white individuals without diabetes
was in 2017. When adjusted for age, gender, and BMI,

Participants in health checkup program from July 2014 to August 2017 (n = 13,399)

Subjects preliminarily eligible for study (n = 5,903)

Exclusion criteria:
Positive serologic markers for hepatitis B (n = 4363) and/or hepatitis C virus (n = 946) 
Fasting plasma glucose (FPG) concentration ≥ 126mg/dl or HbA1c ≥ 6.5% (n = 771)
Thyrotoxicosis or hypothyroidism with free T4 > 1.2ng/dl or < 0.6ng/dl (n = 177)
Abnormal ultrasonographic findings including liver cirrhosis or malignancy (n = 60)
Hepatitis A (n = 1)
Alcoholic hepatitis (n = 2)
Chronic kidney disease including polycystic kidney disease (n = 3)
Age < 18 (n = 8)
Anemia with hemoglobin levels < 12g/dl (n = 142)
Alcohol intake > 20g per day (n = 1,009)

Subjects finally eligible for study (n = 3,936)

Randomly select (n = 1,967) to
calculate the liner association

Predicted HbA1c = 0.146 ∗ FPG (mmol/l) +4.663

Figure 1: Flowchart of subjects across the study.
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individuals in the highest quartile of HGI exhibited a 1.6-
fold increased odd of having hepatic steatosis compared with
subjects in the lowest. Another one published recently of
14,465 nondiabetic, Korea subjects showed that a high HGI
was associated with a 1.56-fold increase in the risk of hepatic
steatosis after adjusting more factors than the previous one.
However, they did not further construct a risk score based on
HGI to predict a person’s risk of NAFLD, which can be
useful for the clinician.

Our study demonstrated that HGI was one of the in-
dependent risk factors for incident NAFLD among non-
diabetic Chinesemedical examination population.The result
that 20.7% of the nondiabetic population who was affected
by NAFLD was equivalent to the ultrasound results of one in
every four adults with NAFLD in China [30]. In comparison
with subjects with low HGI, those with higher HGI were
likely to be male, old, and obese, having abnormal blood
lipid profile, increased levels of liver enzyme, HSI, in-
flammatory biomarkers, and more susceptible to NAFLD.
Moreover, in Figure 2, we could intuitively discover that
elevated levels of HGI can promote hepatic steatosis and
fibrosis. In addition, we further constructed a NAFLD risk
score based onHGI, BMI,WBC, TG, ALT, FPG, andHDL-C

for diagnosing the risk of NAFLD, which showed a more
valuable performance to identify NAFLD than HSI
according to a ROC analysis (Figure 4). As far as we know,
this is the largest cross-sectional study in this research area
about Chinese.

Nowadays, not only the association between HGI and
NAFLD has not been fully evaluated but also NAFLD
pathogenesis is still unclear, so the pathophysiological
mechanisms involved in the associations between each other
are still undefined. Through this retrospective cross-sec-
tional study, there are three suggested mechanisms to ex-
plain the association between HGI and NAFLD. First, we
found a positive association between HGI and inflammatory
biomarkers including WBC and platelet count. Obviously,
chronic inflammation plays a key role in the progress of
NAFLD, and insulin resistance is thought to be a core
component of NAFLD. Impaired mitochondria can result in
incomplete fat oxidation and generation of toxic lipid in-
termediates, which generate a large amount of reactive
oxygen species (ROS) and reactive nitrogen free radicals
(RNS) and lead to inflammation. Then, inflammation may
impair insulin signaling and exacerbate liver fatty in-
filtration, even fuel the transition from NAFLD to NASH,

Table 1: Baseline characteristics of study participants according to the HGI.

Variables Total n� 3936 Quartile 1 (≤− 0.22)
n� 998

Quartile 2 (− 0.21∼0.02)
n� 985

Quartile 3 (0.03∼0.28)
n� 975

Quartile 4 (≥0.29)
n� 978 F or χ2

Gender
(male/female) 1587/2349 443/555 388/597 378/597 378/600 9.33∗∗∗

Age (years) 47.74± 11.01 42.81± 9.46 46.29± 10.59a 48.95± 10.96ab 53.01± 10.41abc 170.37∗
SBP (mmHg) 123.69± 18.56 120.85± 17.43 122.32± 17.89 124.91± 19.24ab 126.74± 19.12ab 20.09∗
DBP (mmHg) 73.12± 12.63 71.91± 12.49 72.86± 12.63 73.52± 12.78a 74.22± 12.5ab 6.02∗
BMI (kg/m2) 23.76± 3.16 23.17± 3.08 23.54± 3.21a 23.91± 3.12ab 24.43± 3.08abc 29.34∗
WBC (×109/L) 6.04± 1.61 5.79± 1.53 6.02± 1.55a 6.07± 1.66a 6.30± 1.67abc 16.88∗
HB (g/L) 145.19± 14.90 146.44± 15.21 145.97± 15.07 144.69± 14.64a 143.64± 14.51ab 7.15∗
PLT (×109/l) 231.71± 53.25 226.23± 51.44 232.01± 53.57 231.61± 51.16 237.07± 56.23a 6.86∗
ALB (g/L) 44.93± 3.05 45.52± 3.07 45.16± 3.03a 44.59± 3.07ab 44.44± 2.89ab 27.48∗
ALT (U/L) 27.68± 33.13 26.09± 20.5 26.05± 18.57 26.81± 19.29 31.82± 57ab 6.91∗
AST (U/L) 27.28± 16.74 25.16± 14.01 25.17± 10.37 26.07± 9.81 28.74± 26.75abc 10.09∗
GGT (U/L) 44.94± 66.78 42.46± 88.12 42.72± 62.15 44.37± 51.89 50.27± 58.5ab 2.92∗∗∗
FPG (mmol/L) 4.67± 0.61 4.65± 0.53 4.63± 0.55 4.64± 0.62 4.76± 0.72abc 8.92∗
Creatinine
(umol/L) 67.55± 14.15 66.16± 13.73 67.58± 14.84a 68.23± 14.12a 68.25± 13.83a 4.76∗∗

TC (mmol/L) 5.29± 1.05 5.09± 0.97 5.26± 1.01a 5.35± 1.04a 5.46± 1.13ab 23.39∗
TG (mmol/L) 1.74± 1.23 1.62± 1.21 1.70± 1.21 1.74± 1.23a 1.93± 1.26abc 11.05∗
HDL-C
(mmol/L) 1.28± 0.33 1.32± 0.34 1.29± 0.33 1.29± 0.33 1.24± 0.31abc 9.93∗

LDL-C
(mmol/L) 3.16± 0.85 3.00± 0.76 3.13± 0.81a 3.22± 0.86a 3.31± 0.92ab 24.29∗

HSI 32.49± 4.84 31.89± 4.76 32.22± 5.04a 32.50± 4.75ab 33.36± 4.70ab 27.62∗
NFS − 2.52± 1.02 − 2.71± 0.97 − 2.60± 1.04 − 2.42± 1.02a − 2.34± 1.02abc 17.00∗
NAFLD (%)

Hepatic US 815 (20.7) 164 (16.4) 165 (16.8) 210 (21.5) 276 (28.2) 54.53∗
HSI 875 (22.2) 174 (17.4) 221 (22.4) 207 (21.2) 273 (27.9) 32.14∗

HbA1c (%) 5.38± 0.40 4.89± 0.22 5.25± 0.11a 5.50± 0.12ab 5.88± 0.22abc 5599.99∗
∗P< 0.001, ∗∗P< 0.01, ∗∗∗P< 0.05; aP< 0.05 compared with quartile 1, bP< 0.05 compared with quartile 2, cP< 0.05 compared with quartile 3. Data are
presented as mean± SD or median (interquartile) or n (%); SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WBC, white
blood cell; HB, hemoglobin; PLT, blood platelet; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma gluta-
myltransferase; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HSI, Hepatic
Steatosis Index; NFS, NAFLD Fibrosis Score; NAFLD, nonalcoholic fatty liver disease; US, ultrasonography; HbA1c, glycosylated hemoglobin; HGI,
hemoglobin glycation index.
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and liver cirrhosis, even hepatocellular carcinoma
[29, 31, 32]. Furthermore, study had proved that methods
reducing adipose tissue inflammation may improve insulin
resistance in NAFLD [33]. Accordingly, in our study,

individuals with high HGI showed increased levels of in-
flammatory biomarkers such as platelets and WBC counted
independently of other confounding factors. Second, AGEs
are stable irreversible polymerizations of various
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Figure 2: A relationship between HGI and HSI (a) as well as HGI and NFS (b).
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Figure 3:The proportion of subjects with NAFLD by HGI category within the nondiabetic range by US (a, b) and HSI (c, d). P< 0.001 by χ2
test for trend.
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macromolecules (proteins, lipids, nucleic acids, etc.) and
spontaneously reacted with reducing monosaccharides
under nonenzymatic conditions, which alter the instruction
and function of proteins. And, the dose of hepatic AGEs
matches with the AGEs of dietary [34]. Studies had shown
that AGEs generally combined with activation of RAGE
downstream pathway, and AGE/RAGE triggered further
inflammation, oxidative stress, and impair insulin signaling
and thus exacerbated the development and progression of
NAFLD [35]. Felipe et al. had found that the level of AGEs in
tissues can be reflected by skin intrinsic fluorescence (SIF)
markers, and the increase of SIF concentration is associated

with HGI [36]. Third, obesity and the consequent adipose
metabolic dysfunction represent important risk factors for
the development and progression of NAFLD, and weight
loss can improve lipid metabolism in the liver [37]. Obesity
may lead to an imbalanced production of pro- and anti-
inflammatory adipokines secreted from adipose tissue,
which contributes to the pathogenesis of NAFLD. Corre-
spondingly, we found HGI levels were positively associated
with measures of BMI.

Our study had some limitations that should be taken into
account. First, our study subjects were derived from a single
center; for each population, new regression models should

Table 2: Univariate logistic regression analysis for the risk of NAFLD by ultrasonography.

Parameters Odds ratio Lower 95% CI Upper 95% CI P

Gender (male/female) 3.155 2.627 3.789 <0.001
Age (years) 1.004 0.997 1.011 0.230
BMI (kg/m2) 1.406 1.364 1.451 <0.001
Hypertension (%) 1.801 1.514 2.413 <0.001
Alcohol intake 1.627 1.392 1.901 <0.001
Smoking 1.527 1.292 1.804 <0.001
FPG (mmol/L) 1.716 1.509 1.952 <0.001
TG (mmol/L) 1.837 1.709 1.975 <0.001
TC (mmol/L) 1.307 1.216 1.404 <0.001
HDL-C (mmol/L) 0.131 0.097 0.176 <0.001
LDL-C (mmol/L) 1.357 1.241 1.484 <0.001
ALT (U/L) 1.037 1.032 1.041 <0.001
AST (U/L) 1.038 1.031 1.045 <0.001
GGT (U/L) 1.009 1.007 1.010 <0.001
WBC (×109/L) 1.300 1.241 1.302 <0.001
HB (g/L) 1.047 1.041 1.053 <0.001
PLT (×109/l) 1.002 1.001 1.004 <0.001
ALB (g/L) 1.116 1.087 1.145 <0.001
HGI 2.196 1.787 2.698 <0.001
BMI, body mass index; FPG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; WBC, white blood cell; HB,
hemoglobin; PLT, blood platelet; ALB, albumin; HGI, hemoglobin glycation index.

Table 3: Risk of NAFLD by ultrasonography according to HGI quartile and other variables.

Variables
Odds ratio (95% CI)

Model 1 Model 2 Model 3 Model 4
HGI 1.281 (1.194∼1.375) 1.282 (1.189–1.384) 1.284 (1.184∼1.392) 1.172 (1.074∼1.279)
Gender 3.114 (2.591∼3.743) 2.316 (1.845∼2.906) 1.315 (1.018∼1.699)
Age (years) 0.997 (0.990∼1.005) 0.993 (0.984∼1.002) 1.005 (0.995∼1.015)
TG (mmol/L) 1.562 (1.449∼1.684) 1.226 (1.131∼1.331)
Hypertension 1.396 (1.147∼1.700) 1.042 (0.842∼1.288)
Alcohol 0.840 (0.691∼1.021) 0.831 (0.673∼1.026)
Smoking 0.817 (0.665∼1.004) 0.759 (0.606∼0.951)
Alb (g/L) 1.061 (1.029∼1.095) 1.110 (1.071∼1.149)
FPG (mmol/L) 1.437 (1.247∼1.657) 1.326 (1.138∼1.544)
GGT (U/L) 1.003 (1.001∼1.004) 1.002 (1.001∼1.004)
BMI (kg/m2) 1.284 (1.240∼1.329)
AST (U/L) 0.987 (0.973∼1.000)
HDL-C (mmol/L) 0.385 (0.262∼0.568)
ALT (U/L) 1.021 (1.013∼1.029)
WBC (×109/L) 1.162 (1.098∼1.231)
Model 1: no adjustment; model 2: adjusted for age and sex; model 3: model 2 +TG, hypertension, alcohol, smoking, albumin, FPG, and GGT; model 4: model
3 + BMI, AST, ALT, HDL-C, and WBC. TG, triglyceride; FPG, fasting blood glucose; GGT, gamma glutamyltransferase; BMI, body mass index; AST,
aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; WBC, white blood cell; Alb, albumin; NAFLD,
nonalcoholic fatty liver disease; HGI, hemoglobin glycation index.
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be derived, and multicentered research should be performed
to further confirm the association in the next step. Second,
our biochemical parameters, such as plasma glucose and
HbA1c, were measured once. Even though this approach is
commonly used in clinical research, between-individual
variability of glucose homeostasis parameters may have led
to some imprecisions in the stratification of study pop-
ulation into HGI quartiles. Third, the diagnosis of liver
steatosis was performed by ultrasound scanning rather than
by invasive methods such as liver biopsy or expensive
noninvasive approaches such as proton magnetic resonance
spectroscopy or computed tomographic scanning. However,
ultrasonography is the most commonly used method to
diagnose hepatic steatosis in clinical practice and epide-
miological studies. Although liver biopsy is a standard
criterion for NAFLD diagnosis, the diagnosis of fatty liver
was based on ultrasound imaging with 90% sensitivity and
80% specificity [38].

5. Conclusion

In conclusion, we further confirmed that NAFLD had an
association with HGI level in nondiabetic individuals, and
these associations were independent of obesity and other
metabolic components. And, NAFLD risk score could be
used as one of the risk predictors of NAFLD in nondiabetic
population. But the causal relationship between HGI level
and NAFLD in nondiabetic individuals is not undefined,
while further perspective study should be taken.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Ethical Approval

This study was approved by the institutional review board at
The First Affiliated Hospital of Wenzhou Medical Univer-
sity. All procedures were in accordance with the 1964
Helsinki Declaration and its later amendments or compa-
rable ethical standards.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Authors’ Contributions

Hu DS, Zhu SH, Chen QF, Lin CJ, Fang DH, and Wu JS
designed the study; Hu DS, Zhu SH, and Chen QF collected
the data; Hu DS and Zhu SH performed the statistical an-
alyses; Hu DS, Zhu SH, Chen QF, and Wu JS reviewed the
results, interpreted the data, and wrote the manuscript; all
authors have made an intellectual contribution to the
manuscript and approved the submission.

Acknowledgments

The authors thank the Medical and Health Care Center of
the First Affiliated Hospital of Wenzhou Medical University
for offering data. This work was financially supported by the
Wenzhou Science and Technology Bureau (grant no.
Y20180062).

References

[1] K. H. Kim and M.-S. Lee, “Pathogenesis of nonalcoholic
steatohepatitis and hormone-based therapeutic approaches,”
Frontiers in Endocrinology, vol. 9, p. 485, 2018.

[2] J. T. Haas, S. Francque, and B. Staels, “Pathophysiology and
mechanisms of nonalcoholic fatty liver disease,” Annual
Review of Physiology, vol. 78, no. 1, pp. 181–205, 2016.

[3] M. Benedict and X. Zhang, “Non-alcoholic fatty liver disease:
an expanded review,” World Journal of Hepatology, vol. 9,
no. 16, pp. 715–732, 2017.

[4] A. L. Birkenfeld and G. I. Shulman, “Nonalcoholic fatty liver
disease, hepatic insulin resistance, and type 2 diabetes,”
Hepatology, vol. 59, no. 2, pp. 713–723, 2014.

[5] Z. M. Younossi, “Non-alcoholic fatty liver disease—a global
public health perspective,” Journal of Hepatology, vol. 70,
no. 3, pp. 531–544, 2019.

[6] Z. Younossi, Q. M. Anstee, M. Marietti et al., “Global burden
of NAFLD and NASH: trends, predictions, risk factors and
prevention,” Nature Reviews Gastroenterology & Hepatology,
vol. 15, no. 1, pp. 11–20, 2018.

[7] A. Mansour, M. R. Mohajeri-Tehrani, M. Samadi et al., “Risk
factors for non-alcoholic fatty liver disease-associated hepatic
fibrosis in type 2 diabetes patients,” Acta Diabetologica,
vol. 56, no. 11, pp. 1199–1207, 2019.

1.0

0.8

0.6

0.4

0.2

ROC curve

0. 0
0.0 0. 2 0. 4 0. 6 0. 8 1. 0

1 – specificity

Se
ns

iti
vi

ty

Source of the curve
NAFLD risk score
HSI
Reference line

Figure 4: Receiver operating characteristics curves of NAFLD risk
score and HSI for diagnosing the risk of NAFLD. AUC, area under
the curve; HSI, hepatic steatosis index.

Canadian Journal of Gastroenterology and Hepatology 7



[8] J. Xiao, F. Wang, N.-K. Wong et al., “Global liver disease
burdens and research trends: analysis from a Chinese per-
spective,” Journal of Hepatology, vol. 71, no. 1, pp. 212–221,
2019.

[9] R. Li, W. Li, Z. Lun et al., “Prevalence of metabolic syndrome
in mainland China: a meta-analysis of published studies,”
BMC Public Health, vol. 16, no. 1, 2016.

[10] C. M. Bennett, M. Guo, and S. C. Dharmage, “HbA1cas
a screening tool for detection of Type 2 diabetes: a systematic
review,” Diabetic Medicine, vol. 24, no. 4, pp. 333–343, 2007.

[11] B. Gonen, H. Rochman, A. Rubenstein, S. Tanega, and
D. Horwitz, “Hæmoglobin a1: an indicator of the metabolic
control of diabetic patients,” The Lancet, vol. 310, no. 8041,
pp. 734–737, 1977.

[12] S. C. van Steen, I. C. Schrieks, J. B. Hoekstra et al., “The
haemoglobin glycation index as predictor of diabetes-related
complications in the AleCardio trial,” European Journal of
Preventive Cardiology, vol. 24, no. 8, pp. 858–866, 2017.

[13] R. J. McCarter and J. M. Hempe, “Biological variation and
hemoglobin A1c: relevance to diabetes management and
complications,” Pediatric Diabetes, vol. 14, no. 6, pp. 391–398,
2013.

[14] K. Li, W.-j. Song, X. Wu et al., “Associations of serum glu-
cagon levels with glycemic variability in type 1 diabetes with
different disease durations,” Endocrine, vol. 61, no. 3,
pp. 473–481, 2018.

[15] A. A. Soros, S. A. Chalew, R. J. McCarter, R. Shepard, and
J. M. Hempe, “Hemoglobin glycation index: a robust measure
of hemoglobin A1c bias in pediatric type 1 diabetes patients,”
Pediatric Diabetes, vol. 11, no. 7, pp. 455–461, 2010.

[16] J. M. Hempe and R. Gomez, R. J. McCarter and S. A. Chalew,
High and low hemoglobin glycation phenotypes in type 1
diabetes,” Journal of Diabetes and Its Complications, vol. 16,
no. 5, pp. 313–320, 2002.

[17] T. V. Fiorentino, M. A. Marini, E. Succurro et al., “Association
between hemoglobin glycation index and hepatic steatosis in
non-diabetic individuals,” Diabetes Research and Clinical
Practice, vol. 134, pp. 53–61, 2017.

[18] M. A. Marini, T. V. Fiorentino, E. Succurro et al., “Association
between hemoglobin glycation index with insulin resistance
and carotid atherosclerosis in non-diabetic individuals,” PLoS
One, vol. 12, no. 4, Article ID e0175547, 2017.

[19] M. A. M. T. V. Fiorentino, E. Succurro, F. A. Sciacqua,
F. Andreozzi, F. Perticone, and G. Sesti, “Elevated hemoglobin
glycation index identify non-diabetic individuals at increased
risk of kidney dysfunction,” Oncotarget, vol. 45, pp. 79576–
79586, 2017.

[20] E. N. G. d. S. Pereira, R. R. Silvares, E. E. I. Flores et al.,
“Hepatic microvascular dysfunction and increased advanced
glycation end products are components of non-alcoholic fatty
liver disease,” PLoS One, vol. 12, no. 6, Article ID e0179654,
2017.

[21] R. Mehta, G. Shaw, P. Masschelin et al., “Polymorphisms in
the receptor for advanced glycation end-products (RAGE)
gene and circulating RAGE levels as a susceptibility factor for
non-alcoholic steatohepatitis (NASH),” PLoS One, vol. 13,
no. 6, Article ID e0199294, 2018.

[22] J. H. Yoo, Y. M. Kang, Y. K. Cho et al., “The haemoglobin
glycation index is associated with nonalcoholic fatty liver
disease in healthy subjects,” Clinical Endocrinology, vol. 91,
no. 2, pp. 271–277, 2019.

[23] S. Saadeh, Z. M. Younossi, E. M. Remer et al., “The utility of
radiological imaging in nonalcoholic fatty liver disease,”
Gastroenterology, vol. 123, no. 3, pp. 745–750, 2002.

[24] M. James, R. G. Hempea, R. J. McCarter Jr., and S. A. Chalew,
“High and low hemoglobin glycation phenotypes in type 1
diabetes A challenge for interpretation of glycemic control,”
Journal of Diabetes and Its Complications, vol. 16, pp. 313–320,
2002.

[25] L. Svikl�ane, E. Olmane, Z. Dz�erve, K. Kupčs, V. P�ir�ags, and
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