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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a well-known independent risk factor for non-alcoholic fatty liver
disease (NAFLD). However, research exploring the association between blood glucose management and the risk of
NAFLD status in subjects without diabetes was insu  cient. This study aimed to explore the association of glycated
hemoglobin (HbA1c) with NAFLD status and the severity of liver steatosis and fibrosis in non-diabetic people.

Methods: A cross-sectional analysis was conducted on 2998 non-diabetic American adults using data from the
National Health and Nutrition Examination Survey (NHANES) 2017-2018 cycle. We used multivariable logistic regres-
sion models to evaluate the association between HbAlc and NAFLD status and the severity of liver steatosis and
fibrosis. Interaction and stratified analyses were additionally performed.

Results: The multivariate regression analyses showed that HbAlc was associated independently with NAFLD status
in all the models (modell: OR =2.834, 95%Cl: 2.321, 3.461; model 2: OR =2.900, 95%Cl: 2.312, 3.637 and model 3.
OR=1.664, 95%Cl: 1.284, 2.156). We further performed the interaction and stratified analyses and discovered a sig-
nificant interaction between HbAlc and BMI (P,,,;0,4ci0n < 0.05). Finally, a robust link was shown between HbAlc level
and the severity of liver steatosis, which was mainly significant in the prediabetes group, while the correlation was not
significant in HbAlc level and severity of liver fibrosis after controlling for all the potential confounders.

Conclusions: We concluded that HbAlc level was positively correlated to the risk of developing NAFLD in a large
non-diabetic American population. Moreover, HbAlc level was associated with the severity of liver steatosis in sub-
jects with prediabetes, suggesting that routine screening for HbAlc among individuals with prediabetes is necessary.
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Background

In developed nations, non-alcoholic fatty liver disease
(NAFLD) has become one of the most prevalent causes of
chronic liver disease, with a global prevalence of approxi-
mately 25-30% [1]. In North America, the prevalence
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continuous process of liver tissue lesions, from steatosis
to non-alcoholic steatohepatitis (NASH), which is char-
acterized by hepatocyte ballooning, lobular inflamma-
tion, and/or fibrosis, and eventually cirrhosis or even
hepatocellular carcinoma (HCC) [4].

Numerous studies have demonstrated a complex rela-
tionship between NAFLD and metabolic diseases. It is
believed that metabolic diseases, especially type 2 dia-
betes mellitus (T2DM) can promote NAFLD, and con-
versely, NAFLD can increase the incidence of type 2
diabetes [5, 6]. Stefano Ciardullo et al. reported that the
prevalence of NAFLD was 33.7% in the general popula-
tion but 74.9% in subjects with diabetes based on data
from the National Health and Nutritional Examination
Survey (NHANES) 2017-2018 cycle [7, 8]. Meanwhile, in
an updated meta-analysis that included 80 studies from
20 different nations, the prevalence of NAFLD among
patients with T2DM worldwide was 55.5%. However, the
publications between blood glucose control and NAFLD
risk in non-diabetic individuals were not enough. Gly-
cosylated hemoglobin (HbAlc) is a typical glycosylated
protein and is widely used in the assessment of glyce-
mic control [9]. It is produced through the interaction of
hemoglobin and blood glucose and can be used to reflect
the average blood glucose level over 2—3 months [10].
Several studies in Asia have demonstrated that HbAlc
was positively associated with NAFLD status among par-
ticipants without diabetes [11-14], but little is known
about western populations and whether a special popu-
lation exists among different subgroups. Moreover, com-
prehensive data about the association between HbAlc
and the severity of liver steatosis and fibrosis in NAFLD
individuals without diabetes is limited.

Although liver biopsy is still the gold standard for
diagnosing and assessing the severity of liver steatosis
and NASH, other non-invasive and cost-effective pro-
cedures have been extensively researched and reported
[15]. Transient elastography (TE) is regarded as a prom-
ising and regularly used non-invasive approach for
liver steatosis and fibrosis quantification [16] and has
been utilized to identify liver steatosis and fibrosis in
the general population [17, 18]. The controlled attenua-
tion parameter (CAP) value, in particular, rises with the
degree of liver steatosis and can be applied to detect ste-
atosis of more than 5% [19, 20]. Simultaneously, a higher
liver stiffness measurement (LSM) value implicates more
severe fibrosis [19].

Herein, we explored the association between HbAlc
and NAFLD in the adult American population without
diabetes using data from the latest cycle of NHANES.
And we additionally evaluated the relationships between
HbAlc and the severity of liver steatosis and fibrosis
measured by TE.
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Methods
Study population
Our current investigation is based on informa-

tion obtained from the NHANES 2017-2018 cycle.
NHANES is a broadly well-designed cross-sectional
survey of non-institutionalized citizens in the United
States [21]. A complicated, stratified, multistage proba-
bilistic cluster sampling method was applied to acquire
samples representing the whole nation for each cycle
[21]. The investigation protocol for NHANES was
granted ethical approval by the National Center for
Health Statistics (NCHS) Research Ethics Review
Board and written consent was signed by all members.

Study design

There was a total of 9254 participants in the NHANES
2017-2018 cycle. The exclusion criteria of our study
were mainly based on the definition of NAFLD [22].
We excluded 3398 participants under the age of 18 and
846 participants who had significant alcohol intake
(male>21 drinks per week and female > 14 drinks per
week) [22]. Then we excluded 321 participants with
viral hepatitis B (hepatitis B surface antigen-positive)
and hepatitis C ((hepatitis C antibody positive), and
those who had taken steatogenic medication for more
than half a year. Steatogenic medication involves
tamoxifen, amiodarone, methotrexate, valproate,
antiretroviral drugs, and corticosteroid [22]. In addi-
tion to these exclusion criteria, we also exclude 1087
participants without available HbAlc data and TE data
(ineligible or incomplete). Meanwhile, 850 patients
with diabetes were ruled out. Diabetes is diagnosed
as self-reported diabetes (diagnosed by a physician or
other health professional), oral hypoglycemic drugs or
insulin usage, fasting glucose> 126 mg/dl, or HbAlc
level > 6.5% [7, 23, 24]. Ultimately a total of 2998 peo-
ple were involved in our survey (Fig. 1).

Definition of exposure and outcome variables

HbAlc was the exposure variable in our study. It was
tested by the Tosoh Automated Glycohemoglobin Ana-
lyzer HLC-723G8 using specialized software. CAP
and LSM values were two continuous outcome vari-
ables measured by Liver ultrasound TE while NAFLD
was a categorical outcome variable defined as CAP val-
ues>263 dB/m [25]. NHANES health technicians per-
formed the TE exam after being trained and authorized
by the equipment manufacturer and NHANES staff.
The tests were carried out following the manufacturer’s
instructions. Liver ultrasound TE exams were regarded
as valid if at least 10 LSM values were obtained after
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Total patients from NHANES2017-2018

(N=9254)
Age<18 years (N=3398)
N=5856
Significant alcohol intake
(N=846)
N=5010
Hepatitis B, hepatitis C and
exposure to steatogenic
N=4689 medication for more than 6
months (N=321)
Transient Elastography data
was ineligible or incomplete
N=4019 (N=670)

HbA1c data was not available

(N=171)

DM patients (850)

N=2998

Fig. 1 Flow-chart of the study samples

fasting for at least 3 h, with an interquartile (IQR) range/
median <30% [7].

Definition of covariates

Sex, race (non-Hispanic white, non-Hispanic black,
Hispanic, and other race), hypertension, smoking sta-
tus (current smoker, former smoker, and never smoked
divided by smoking self-report), activity level, dyslipi-
demia, and homeostasis model assessment of insulin
resistance (HOMA-IR) were all included as categorical
covariates in our analysis. Age, body mass index (BMI),

waist circumference (WC), and hemoglobin were the
continuous covariates in our study.

Hypertension was categorized if any of the conditions
below existed: (1) systolic blood pressure > 140 mmHg or
diastolic blood pressure >90 mm Hg. (2) Anti-hyperten-
sive medicine is currently being used. (3) Hypertension
that is self-reported. Overweight was defined as BMI
values of 25-29.9 kg/m?, whereas obesity was defined as
BMI values > 30 kg/m?* [26]. The activity level was clas-
sified as active, moderate, and inactive levels accord-
ing to the Global Physical Activity Questionnaire. This
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approach has been described previously [27]. Dyslipi-
demia was defined as plasma high density lipoprotein
(HDL)-cholesterol <40 mg/dL for male and <50 mg/dL
for female, plasma triglycerides>150 mg/dL, or with
particular pharmacological therapy [28]. HOMA-IR was
divided into normal insulin resistance (HOMA-IR <2.5)
and high insulin resistance (HOMA-IR>2.5), respec-
tively [29]. Prediabetes was defined as self-reported
prediabetes (diagnosed by a physician or other health
professional), HbAlc 5.7 to 6.4%, or fasting glucose 100
to 125 mg/dL [30, 31].

Statistical analysis

NHANES sample weights were taken into consideration
as recommended by NCHS. Categorical variables were
presented as percentages, while continuous variables
were expressed as weighted mean =+ standard deviation.
Multivariate logistic regressions were applied to iden-
tify an independent relationship between HbAlc and
the odds of NAFLD after adjusting for potential clinical
confounders. Multivariate linear regression analysis was
utilized to evaluate correlations between HbAlc and the
severity of liver steatosis and fibrosis based on liver CAP
value and LSM value, respectively. As a sensitivity analy-
sis, we categorized HbAlc into quartiles and calculated
P-values for trends test. Furthermore, we subdivided the
subjects into two groups: normoglycemic levels and pre-
diabetes stage, and performed subgroup analysis. Inter-
action and stratified analyses were conducted based on
sex, age, and BMI. Three models were constructed in our
study: model 1: no covariates were adjusted; model 2:
sex, age, and race were adjusted; model 3: age, sex, race,
hypertension, smoking status, BMI, WC, activity level,
hemoglobin, dyslipidemia, and HOMA-IR were adjusted.
The software R (http://www.R-project.org) and Empow-
erStats (http://www.empowerstats. com) were performed
for all analyses, with a P-value<0.05 considered statisti-
cally significant.

Results

Baseline characteristics of 2998 adult participants with-
out diabetes based on the status of NAFLD were pre-
sented in Table 1. Participants with NAFLD were elder,
more likely to be men, inactive and ever smoker, more
non-Hispanic White or Hispanic, had more severe liver
steatosis and fibrosis, higher BMI and WC, higher total
cholesterol, triglyceride, fasting glucose, HbAlc, alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), gamma-glutamyl-
transpeptidase (GGT), and had lower HDL-cholesterol
levels (p<0.05 for each). They showed a higher preva-
lence of hypertension. Non-Hispanic Black was lower in
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liver steatosis participants. Nonetheless, no significant
differences were observed in serum creatinine levels.

Table 2 presented the results of the multivariate
regression analysis between HbAlc and the preva-
lence of NAFLD. In model 1, HbAlc was positively cor-
related to NAFLD status (OR=2.834, 95%CI: 2.321,
3.461). This positive association was persistent in
model 2 (OR=2.900, 95%CI: 2.312, 3.637) and model
3 (OR=1.664, 95%CI: 1.284, 2.156) after adjusting for
potential confounders. When HbA1lc was converted from
a continuous variable to a categorical variable (quartiles),
participants in quartile2 (HbAlc 5.2-5.4%), quartile3
(HbA1lc 5.5-5.6%) and quartile4 (HbAlc 5.7-6.4%) were
associated with 13.6%, 9.9%, 62% higher odds of being
NAFLD, respectively, compared with quartilel (HbAlc
4.1-5.1%). A significant linear trend was observed for the
correlation between quartiles of HbAlc and NAFLD sta-
tus (P<0.001). These results suggested that people with-
out diabetes were more likely to develop NAFLD with
higher HbA1c than those with lower HbAlc.

To further demonstrate the deep relationship between
HbAlc and NAFLD status, interaction tests were con-
ducted in the designated subgroups (Fig. 2). Among
these subgroups, we discovered a significant interac-
tion between HbAlc and BMI (P, craction < 0-05). The risk
association was significantly higher in obese individuals
(BMI > 30 kg/m?). Moreover, the interaction tests for age
and sex were not significant (P eraction > 0-05).

Table 3 showed the associations between HbAlc and
severity of liver steatosis based on CAP value. HbAlc
was significantly positively correlated with the severity of
liver steatosis, and this association remained unchanged
in model 1 (p=37.448, 95%CI: 31.771, 43.125), model
2 (P=34.472, 95%CI: 28.301, 40.643) and model 3
(B=13.437, 95%CI: 8.282, 18.592), with a P for trend
0f<0.001 (Table 3). We further subdivided the subjects
into two groups: normoglycemic levels and prediabetes
stage. The association remained positive in the predia-
betes group (f=18.905, 95%CI: 10.737, 27.074), but did
not remain significant in the normoglycemic levels group
(B=-2.230, 95%CI: -10.853, 6.393), P;pteraction < 0-001.

The association between HbAlc and severity of liver
fibrosis in subjects with NAFLD was positive in model 1
(B=1.063, 95%CI: 0.293, 1.832) and model 2 (3 =1.470,
95%CI: 0.637, 2.304). However, this association was no
longer significant after controlling for all the confound-
ers (3=0.461, 95%CI: -0.337, 1.258) with a P for trend of
0.432 (Table 4).

Discussion

This article mainly explored the associations of HbAlc
with NAFLD status and the severity of liver steatosis
and fibrosis measured by TE in adults without diabetes
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Table 1 Weighted characteristics of the NAFLD and non-NAFLD groups

Non-NAFLD NAFLD Pvalue
(n=1679) (n=1319)
Age(years) 4414181 49.8+16.2 <0.0001
Age (%) <0.0001
18-39%y 47.20 30.50
40-59y 28.70 40.20
60-80y 2410 29.20
Sex (%) <0.0001
Male 45,00 53.20
Female 55.00 46.80
Race (%) <0.0001
Non-Hispanic White 62.80 63.80
Non-Hispanic Black 12.90 9.20
Hispanic 5.60 10.50
Other Race 18.70 16.50
Smoking behavior (%) 00116
Current smoke 14.70 11.80
Ever smoke 2180 2540
Never smoke 6350 62.80
Hypertension (%) <0.0001
No 73.80 52.20
Yes 26.20 47.80
activity level <0.0001
inactive 30.90 39.70
Moderate 10.90 8.90
active 58.20 5140
BMI (Kg/m?) 261454 326469 <0.0001
BMI (%) <0.0001
BMI<25 45.70 7.80
25 <BMI<30 35.30 31.80
BMI>30 19.00 60.40
WC (cm) 9114135 107.6+145 <0.0001
ALT (IU/L) 1944144 258+16.6 <0.0001
AST (IU/L) 21.0+108 2244112 0.0003
ALP(IU/L) 741+£242 79.0+£219 <0.0001
GGT (IU/L) 2184215 333+389 <0.0001
Serum creatinine (mg/dL) 09+0.2 09+04 0.1881
Fasting glucose(mg/dL) 90.1+82 946493 <0.0001
HbAlc (%) <0.0001
Q1(4.1-5.1%) 276 16.1
Q2(5.2-5.4%) 34.2 285
Q3(5.5-5.6%) 19.7 209
Q4(5.7-6.4%) 185 345
Total cholesterol (mg/dL) 186.0+382 1954 +382 <0.0001
Triglyceride (mg/dL) 109.8+613 1618+1181 <0.0001
HDL-cholesterol (mg/ dL) 571+14.1 50.1+135 <0.0001
CAP (dB/m) 21424337 3100+356 <0.0001
LSM (kPa) 49+33 6.1+52 <0.0001

Mean £ SD was for continuous variables. The p-Value was calculated by weighted linear regression model. % was for categorical variables. The p-Value was calculated
by the weighted chi-square test

Abbreviations: NAFLD Non-alcoholic fatty liver disease, BMI Body mass index, WC Waist circumference, ALT Alanine aminotransferase, AST Aspartate aminotransferase,
ALP Alkaline phosphatase, GGT Gamma-glutamyl transpeptidase, HbA1c Glycosylated hemoglobin A1c, HDL High-density lipoprotein, LSM Liver stiffness
measurement, CAP Controlled attenuation parameter
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Table 2 Multivariable odds ratio (OR) for NAFLD status based on HbAlc
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Model 1

OR (95% Cl), P value

Model 2
OR (95% Cl), P value

Model 3
OR (95% Cl), P value

HbAlc

Q1(4.1-5.1%)
02(5.2-5.4%)

Q3(55-5.6%)
Q4(5.7-6.4%)

P for trend

2834 (2.321, 3.461)
<0001

Reference

1.225(0.980, 1.532)
0.075

1474 (1161, 1.870)
0.001

2.606 (2.101, 3.234)
<0.001

<0.001

2,900 (2.312, 3.637)

1,664 (1.284, 2.156)

<0.001 <0.001

Reference Reference

1.186 (0.944,1.491) 1.136 (0.870, 1.484)
0.143 0.348

1.403 (1.092, 1.804) 1.099 (0.820, 1.473)
0.008 0528

2596 (2.043, 3.299) 1620 (1.225,2.142)
<0.001 <0.001

<0.001 <0.001

Model 1: no covariates were adjusted

Model 2: sex, age, and race were adjusted

Model 3: sex, age, race, hypertension, smoking status, BMI, WC, activity level, hemoglobin, dyslipidemia, and HOMA-IR were adjusted

Abbreviations: NAFLD Non-alcoholic fatty liver disease, HbATc Glycosylated hemoglobin, BMI Body mass index, WC Waist circumference, HOMA-IR Homeostasis model

assessment of insulin resistance

in the extensive, nationwide cross-sectional research.
Our results revealed that high HbAlc levels were
linked to a higher risk of NAFLD status in American
adults (OR=1.664, 95%CI: 1.284, 2.156), and this risk
association was more significant in obese individuals

Another important conclusion of this study was that the
severity of liver steatosis aggravated when HbAlc levels
increased in NAFLD adults with prediabetes. Despite
this, the relationship was not significant between the
HbA1c level and the severity of liver fibrosis after adjust-

(OR=2.717, 95%CI: 1.795, 4.114; P ieraction=0.0115).  ing for all the potential covariates. To our knowledge, this
Subgroup N Odds Ratio 95% Cl|  P-interaction
Gender 0.2766
Male 1434 i 1.457 (1.008, 2.107)

Female 1564 B 1.979 (1.363, 2.873)

Age 0.1879
18-39y 1095T f - ! 1.957 (1.185, 3.229)

40-59y 932 f = ! 1.936 (1.221, 3.072)

60-80y 971 —a— 1.284 (0.857, 1.925)

BMI 0.0115
BMI <25 921 F = 1.177 (0.634, 2.187)

25sBMI<30 1012 . 1.273 (0.852, 1.904)

BMI=30 1065 s 2.717 (1.795, 4.114)

Fig. 2 Multivariable odds ratio zgR) for NAFLD statﬁs based on HbAlZ(: stratified by sex, ;Oge and BMI. Each stratification adjusted for all the factors
(sex, age, race, hypertension, smoking status, BMI, WC, activity level, hemoglobin, dyslipidemia, and HOMA-IR) except the stratification factor itself.
Abbreviations: NAFLD, Non-alcoholic fatty liver disease; HbAlc, glycosylated hemoglobin; BMI, body mass index; WC, waist circumference; HOMA-IR,
homeostasis model assessment of insulin resistance
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Table 3 Associations between HbAlc and liver steatosis based on CAP value
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Model 1

Model 2

B (95% Cl), P value

B (95% Cl), P value

Model 3
B (95% Cl), P value

HbAlc
Q1(4.1-5.1%)
Q2(5.2-5.4%)
Q3(5.5-5.6%)
Q4(5.7-6.4%)
P for trend
Subgroup analysis

Normoglycemic levels (n = 1635)

Prediabetes (n=1363)
P

interaction

37.448 (31.771, 43.125)<0.001
Reference

4.832 (-0.790, 10.454) 0.092
14.606 (8.349, 20.864) < 0.001
35.043 (29.137, 40.950) < 0.001
<0.001

15517 (5.248, 25.786) 0.003
18423 (9.287, 27.559) < 0,001

34.472 (28.301, 40.643)<0.001
Reference

2.777 (-2.750, 8.304) 0.32483
12.324 (5.934, 18.714)<0.001
31.389 (25.068, 37.709)<0.001
<0.001

5.843 (-4.707,16.392) 0.278
30.390 (20.862, 39.918)<0.001

13.437 (8.282, 18.592) <0.001
Reference

-1596 (-6.062, 2.870) 0.484
2979 (-2.221,8.179) 0.262
12.209 (6.952, 17.467)<0.001
<0.001

-2.230(-10.853, 6.393) 0.612
18.905 (10.737, 27.074) <0.001
<0.001

Model 1: no covariates were adjusted

Model 2: sex, age, and race were adjusted

Model 3: sex, age, race, hypertension, smoking status, BMI, WC, activity level, hemoglobin, dyslipidemia, and HOMA-IR were adjusted

Abbreviations: NAFLD Non-alcoholic fatty liver disease, HbATc Glycosylated hemoglobin, BMI Body mass index, WC Waist circumference, HOMA-IR Homeostasis model

assessment of insulin resistance

Table 4 Associations between HbAlc and liver sti ness based on LSM value in patients with NAFLD

Model 1
B (95% Cl), P value

Model 2
B (95% Cl), P value

Model 3
B (95% Cl), P value

HbAlc

Q1(4.1-5.1%)
Q2(5.2-5.4%)
Q3(5.5-5.6%)
Q4(5.7-6.4%)

1.063 (0.293, 1.832) 0.007
Reference

0.043 (-0.832,0.919) 0.922
0.202 (-0.730, 1.134) 0.671
0.781(-0.067, 1.628) 0.071

1.470 (0.637, 2.304)<0.001
Reference

0.135(-0.745, 1.015) 0.764
0538 (-0.419, 1.495) 0.270
1.090 (0.193, 1.986) 0.017

0.461 (-0.337, 1.258) 0.258
Reference

-0.009 (-0.828, 0.811) 0.983
0.106 (-0.794, 1.007) 0.817
0.275(-0.572,1.121) 0.525

P for trend 0.030

0.005 0432

Model 1: no covariates were adjusted

Model 2: sex, age, and race were adjusted

Model 3: sex, age, race, hypertension, smoking status, BMI, WC, activity level, hemoglobin, dyslipidemia, and HOMA-IR were adjusted

Abbreviations: NAFLD Non-alcoholic fatty liver disease, HbA1c Glycosylated hemoglobin, BMI Body mass index, WC Waist circumference, HOMA-IR Homeostasis model

assessment of insulin resistance

is the biggest sample size of research on the association
between HbAlc and NAFLD in a non-diabetic American
population.

Over the past few decades, NAFLD has been
reported to have a deep relationship with components
of metabolic syndrome (particularly type 2 diabetes and
hypertension) [32, 33]. T2DM was recognized as a risk
factor for the development of NAFLD [34]. Nonethe-
less, whether glycemic levels in people without T2DM
are linked to the risk of developing NAFLD has not
been commonly discussed. In a large cross-sectional
study involving 99,969 non-diabetic Korean adults,
the results showed the risk of NAFLD development
increased with higher HbAlc levels [11]. Meanwhile,
in a longitudinal cohort study comprising 4,273 Chi-
nese adults, increased glycemic levels (fasting and 2-h
glucose) within the non-diabetic range were negatively

linked with the resolution of NAFLD [13]. Addition-
ally, Chao Yu et al. and Han Ma et al. reported the same
positive association between HbAlc and NAFLD in
non-diabetic Chinese persons aged 20-65 years old
and senior people aged 65 years old and older, respec-
tively [12, 14]. Our findings were consistent with these
results. It was noteworthy that NAFLD cases in our
study were ascertained through TE, therefore the diag-
nosis of NAFLD can be more accurate than the hepatic
ultrasonography performed in those previous studies.
In addition, we extend the evidence by interaction
and stratified analyses according to sex, age, and BMIL.
The subgroup analysis showed that the risk associa-
tion between HbAlc and NAFLD in obese adults was
considerably higher than that in non-obese individu-
als. As is well known, NAFLD is widespread in people
with metabolic syndrome. Obesity is a key risk factor
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for NAFLD, and it has a favorable relationship with
both the existence of NAFLD and the course of the dis-
ease [35]. Obesity and diabetes patients have been rec-
ognized to have a high incidence of hepatic steatosis,
cryptogenic cirrhosis, and a significant risk of devel-
oping HCC [35]. On the other hand, obesity without
T2DM also correlates to a higher fat content in body
tissues. Increased BMI has been linked to insulin resist-
ance and elevation in HbA1C [36].

Another important result of our study is that we
discovered a significant relationship between HbAlc
level and severity of liver steatosis in a large Ameri-
can NAFLD population without diabetes. We are con-
strained in making comparisons to the literature since
little is known about how glycemic management affects
the severity of liver steatosis and fibrosis and the related
risk of NAFLD development. The results of recent case—
control research involving 450 people in Pakistan indi-
cated that the severity grades of steatosis, which were
graded based on fatty infiltration identified on ultra-
sonography, are substantially correlated with HbAlc
levels [37]. In another longitudinal cohort study includ-
ing 713 subjects with biopsy-proven NAFLD or NASH,
Anastasia-Stefania Alexopoulos et al. demonstrated that
increased mean HbAlc was related to a higher grade of
steatosis, ballooned hepatocytes, and increased fibrosis
stage [38]. Unfortunately, neither of these two studies
focused on the non-diabetic population. Chao Yu et al.
[12]. conducted a cross-sectional study, which revealed
high HbAlc levels to be independently related to an
elevated risk of advanced fibrosis in Chinese NAFLD
patients without diabetes. They applied NAFLD Fibrosis
Score (NFS) to assess the liver fibrosis in their article,
whereas the severity of liver steatosis was not evaluated.
In our study, we used TE, which was considered the best
diagnostic performance for the noninvasive assessment
of liver fibrosis in NAFLD patients [39], to evaluate the
severity of liver steatosis and fibrosis of NAFLD. We
found the degree of liver steatosis developed with the
increasing level of HbAlc, which was mainly predomi-
nate in the prediabetes group, suggesting that HbAlc
level could be a potential biomarker for liver steatosis
management of NAFLD patients with impaired glu-
cose regulation. Nonetheless, the relationship between
HbAlc level and liver fibrosis was not independently
significant in our study. Further studies were continued
needed to be done.

Researchers have demonstrated that HbAlc lev-
els and the development of NAFLD had many patho-
physiologically important linkages. In addition to the
creation of advanced glycation end-products, hypergly-
cemic episodes can disrupt lipid metabolism and result
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in increased synthesis of triacylglycerols (TAGs), which
tend to deposit in many organs of the body, including
the liver. TAG deposition in the liver can cause fatty liver
and HbA1C may be causally connected with NAFLD
[40]. Hepatic steatosis, in turn, may cause the liver to
generate proatherogenic and proinflammatory media-
tors, aggravating hepatic and systemic insulin resistance
[41]. The gene-small molecule interaction networks may
also explain the relationship between hyperglycemia and
NAFLD [42].

The principal strength of our study is that we enrolled
the largest cohort of non-diabetic American partici-
pants focusing on the correlation between HbAlc and
NAFLD status. Moreover, we performed subgroup
and interaction analyses, and is the first study, to our
knowledge, reported a significant relationship between
HbA1c level and severity of liver steatosis based on the
TE. Nevertheless, our study had several limitations.
First, due to the nature of the cross-sectional design, we
are unable to determine the causal association between
HbAlc and NAFLD. However, accumulating evidence
supports the link between NAFLD and T2DM is con-
voluted and the relationship seems to be bidirectional
[5, 6]. Second, NAFLD status was defined as CAP val-
ues > 263 dB/m through TE, but not liver biopsy, which
may result in bias in the inclusion of NAFLD patients.
In addition, there is presently no clear cutoff rule for
the CAP score. However, liver biopsy is invasive and
has bleeding risk while TE is non-invasive and cost-
effective. TE was considered the best diagnostic per-
formance for liver steatosis and fibrosis quantification
in NAFLD patients [16, 39]. We also selected the most
well-established CAP score cutoff value from several
well-conducted studies [17, 25]. Third, certain partici-
pants, particularly obese and elderly people, who did
not complete or just partially completed TE were elimi-
nated from our study. This might lead to selection bias.
Fourth, self-reported confounders may be subject to
self-report bias. Moreover, the database in NHANES
2017-2018 lacks 2-h glucose or random glucose, which
may lead to selection bias for diabetes and prediabetes.
Finally, there is still a chance of bias caused by other
potential confounding factors that we did not adjust for.

Conclusions

In conclusion, our study indicated that a high HbAlc
level was independently associated with the risk of devel-
oping NAFLD in a large non-diabetic American popula-
tion. HbAlc level was also correlated with the severity of
liver steatosis in subjects with prediabetes, suggesting that
HbAIc could be a possible indicator for the management
of NAFLD patients with prediabetes.



Xie et al. BMC Endocrine Disorders (2022) 22:220

Abbreviations

T2DM: Type 2 diabetes mellitus; NAFLD: Non-alcoholic fatty liver disease;
HbAlc: Glycated hemoglobin; NHANES: National Health and Nutrition
Examination Survey; NASH: Non-alcoholic steatohepatitis; HCC: Hepatocellular
carcinoma; TE: Transient elastography; CAP: Controlled attenuation parameter;
LSM: Liver sti ness measurement; NCHS: National Center for Health Statistics;
HDL: High-density lipoprotein; HOMA-IR: Homeostasis model assessment of
insulin resistance; BMI: Body mass index; WC: Waist circumference; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase;
GGT: Gamma-glutamyl transpeptidase; TAGs: Triacylglycerols.

Acknowledgements
The authors appreciate everyone who contributed time and e ort to the data
collection of the NHANES project.

Authors’ contributions

YLX made contributions to the study design, data collection, writing,
and manuscript review. WLK contributed to data collection, analysis, and
writing of the manuscript. XPW and ZXW contributed to the data collec-
tion and writing of the manuscript. The final manuscript was read and
approved by all writers.

Funding
This study was supported by the Natural Science Foundation of Ningbo (2021J262).

Availability of data and materials
The datasets collected and analyzed during the current study are available on
the NHANES website (http://www.cdc.gov/nchs/nhanes.htm).

Declarations

Ethics approval and consent to participate

The ethics review board of the National Center for Health Statistics approved
all NHANES protocols and written informed consents were obtained from

all participants. All methods were carried out in accordance with relevant
guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

!Department of Infectious Diseases, Ningbo First Hospital, Ningbo 315010,
Zhejiang, China. 2Department of Hepatology, Ningbo First Hospital,

Ningbo 315010, Zhejiang, China. *Department of Respiratory and Critical Care
Medicine, Ningbo First Hospital, Ningbo 315010, Zhejiang, China. “School

of Medicine, Ningbo University, Ningbo, China.

Received: 26 June 2022 Accepted: 16 August 2022
Published online: 31 August 2022

References

1. Polyzos SA, Kountouras J, Mantzoros CS. Obesity and nonalcoholic
fatty liver disease: from pathophysiology to therapeutics. Metabolism.
2019;92:82-97.

2. LeMH,YeoYH,LiX LiJ ZouB,WuY,Ye Q Huang DQ, Zhao C, Zhang J,
et al. 2019 Global NAFLD prevalence: a systematic review and meta-analysis.
Clin Gastroenterol Hepatol. 2021. https://doi.org/10.1016/j.cgh.2021.12.002.

3. Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mecha-
nisms of NAFLD development and therapeutic strategies. Nat Med.
2018;24(7):908-22.

4. Mundi MS, Velapati S, Patel J, Kellogg TA, Abu Dayyeh BK, Hurt RT. Evolution
of NAFLD and Its Management. Nutr Clin Pract. 2020;35(1):72-84.

5. Cariou B, Byrne CD, Loomba R, Sanyal AJ. Nonalcoholic fatty liver disease as
a metabolic disease in humans: A literature review, Diabetes Obes Metab.
2021;23(5):1069-83.

10.

11

12.

13.

14.

15.

16

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

Page 9 of 10

Targher G, Corey KE, Byrne CD, Roden M. The complex link between NAFLD
and type 2 diabetes mellitus - mechanisms and treatments. Nat Rev Gastro-
enterol Hepatol. 2021;18(9):599-612.

Ciardullo S, Perseghin G. Statin use is associated with lower prevalence of
advanced liver fibrosis in patients with type 2 diabetes. Metab Clin Exp.
2021;121:154752.

Ciardullo S, Ballabeni C, Trevisan R, Perseghin G. Liver fibrosis assessed by
transient elastography is independently associated with albuminuria in the
general United States population. Dig Liver Dis. 2021,53(7):866—72.
American Diabetes A. Summary of Revisions: Standards of Medical Care in
Diabetes-2021. Diabetes Care. 2021;44(Suppl 1):S4-6.

Liu X, Wu N, Al-Mureish A. A review on research progress in the application
of glycosylated hemoglobin and glycated albumin in the screening and
monitoring of gestational diabetes. Int J Gen Med. 2021;14:1155-65.

Bae JC, Cho YK, Lee WY, Seo HI, Rhee EJ, Park SE, Park CY, Oh KW, Sung

KC, Kim BI. Impact of nonalcoholic fatty liver disease on insulin resistance

in relation to HbA1c levels in nondiabetic subjects. Am J Gastroenterol.
2010;105(11):2389-95.

Yu C,Wang L, Xue H, Lin H, Li Y, Chan SO. Association of glycated
hemaoglobin with the risk of advanced fibrosis in non-alcoholic fatty

liver disease patients without diabetes. Clin Res Hepatol Gastroenterol.
2019;43(1):58-66.

Wang B, Li M, Zhao Z, Wang S, Lu J, Chen Y, Xu M, Wang W, Ning G, Bi Y,

et al. Glycemic measures and development and resolution of nonalcoholic
fatty liver disease in nondiabetic individuals. J Clin Endocrinol Metab.
2020;105(5).dgaall12.

MaH, Xu C, Xu L, Yu C, Miao M, Li Y. Independent association of HbAlc

and nonalcoholic fatty liver disease in an elderly Chinese population. BMC
Gastroenterol. 2013;13:3.

Yoneda M, Imajo K, Nakajima A. Non-invasive diagnosis of nonalcoholic fatty
liver disease. Am J Gastroenterol. 2018,113(10):1409-11.

Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment of liver
disease in patients with nonalcoholic fatty liver disease. Gastroenterology.
2019;156(5):1264-1281 e1264.

Kim D, Konyn P, Cholankeril G, Ahmed A. Physical activity is associated with
nonalcoholic fatty liver disease and significant fibrosis measured by FibroS-
can. Clin Gastroenterol Hepatol. 2022;20(6):e1438-55.

Liu X, Shen H, Chen M, Shao J. Clinical relevance of vitamins and carotenoids
with liver steatosis and fibrosis detected by transient elastography in adults.
Front Nutr. 2021,8:760985.

Zhang X, Heredia NI, Balakrishnan M, Thrift AP. Prevalence and factors
associated with NAFLD detected by vibration controlled transient elas-
tography among US adults: Results from NHANES 2017-2018. PLoS One.
2021;16(6).e0252164.

Zhang Y, Hu X, Chang J, Chen J, Han X, Zhang T, Shen J, Shang N, Han |,
Wang H, et al. The liver steatosis severity and lipid characteristics in primary
biliary cholangitis. BMC Gastroenterol. 2021;21(1):395.

Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National health
and nutrition examination survey: plan and operations, 1999-2010. Vital
Health Stat 1. 2013,56:1-37.

Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison SA,
Brunt EM, Sanyal AJ. The diagnosis and management of nonalcoholic fatty
liver disease: practice guidance from the American Association for the Study
of Liver Diseases. Hepatology (Baltimore, MD). 2018;67(1):328-57.

Wang L, Li X, Wang Z, Bancks MP, Carnethon MR, Greenland P, Feng

YQ, Wang H, Zhong VW. Trends in prevalence of diabetes and control

of risk factors in diabetes among US adults, 1999-2018. JAMA.
2021;326(8):1-13.

Wan Z, Guo J, Pan A, Chen C, Liu L, Liu G. Association of serum 25-hydroxyvi-
tamin D concentrations with all-cause and cause-specific mortality among
individuals with diabetes. Diabetes Care. 2021;44(2):350-7.

Siddiqui MS, Vuppalanchi R, Van Natta ML, Hallinan E, Kowdley KV, Abdel-
malek M, Neuschwander-Tetri BA, Loomba R, Dasarathy S, Brandman D, et al.
Vibration-controlled transient elastography to assess fibrosis and steatosis
in patients with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol.
2019;17(1):156-163.e152.

Garvey WT, Mechanick JI, Brett EM, Garber AJ, Hurley DL, Jastrebo  AM,
Nadolsky K, Pessah-Pollack R, Plodkowski R. American association of clinical
endocrinologists and American college of endocrinology comprehensive
clinical practice guidelines for medical care of patients with obesity. Endocr
Pract. 2016;22(Suppl 3):1-203.


http://www.cdc.gov/nchs/nhanes.htm
https://doi.org/10.1016/j.cgh.2021.12.002

Xie et al. BMC Endocrine Disorders

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41

42.

(2022) 22:220

Kim D, Vazquez-Montesino LM, Li AA, Cholankeril G, Ahmed A. Inadequate
physical activity and sedentary behavior are independent predic-

tors of nonalcoholic fatty liver disease. Hepatology (Baltimore, MD).
2020;72(5):1556-68.

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cho-
lesterol in Adults. Executive Summary of The Third Report of The National
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evalua-
tion, And Treatment of High Blood Cholesterol In Adults (Adult Treatment
Panel Ill). JAMA. 2001;285(19):2486-97.

Sharma S, Fleming SE. Use of HbA(1C) testing to diagnose pre-diabetes in
high risk African American children: a comparison with fasting glucose and
HOMA-IR. Diabetes Metab Syndr. 2012;6(3):157-62.

American Diabetes Association. (2) Classification and diagnosis of diabetes.
Diabetes Care. 2015;(38 Suppl):S8-s16.

Wallace AS, Wang D, Shin Ji, Selvin E. Screening and diagnosis of
prediabetes and diabetes in US children and adolescents. Pediatrics.
2020;146(3):¢20200265.

Ciardullo S, Grassi G, Mancia G, Perseghin G. Nonalcoholic fatty liver disease
and risk of incident hypertension: a systematic review and meta-analysis.
Eur J Gastroenterol Hepatol. 2022,34(4):365-71.

Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet
(London, England). 2021;397(10290).2212-24.

Younossi ZM, Golabi P, de Avila L, Paik M, Srishord M, Fukui N, Qiu Y, Burns L,
Afendy A, Nader F. The global epidemiology of NAFLD and NASH in patients
with type 2 diabetes: a systematic review and meta-analysis. J Hepatol.
2019;71(4):793-801.

Tilg H, Moschen AR, Roden M. NAFLD and diabetes mellitus. Nat Rev Gastro-
enterol Hepatol. 2017;14(1):32-42.

Polsky S, Ellis SL. Obesity, insulin resistance, and type 1 diabetes mellitus.
Curr Opin Endocrinol Diabetes Obes. 2015;22(4):277-82.

Masroor M, Haque Z. HbA(1C) as a biomarker of non-alcoholic fatty liver
disease: comparison with anthropometric parameters. J Clin Trans| Hepatol.
2021;9(1):15-21.

Alexopoulos AS, Crowley MJ, Wang Y, Moylan CA, Guy CD, Henao R, Piercy
DL, Seymour KA, Sudan R, Portenier DD, et al. Glycemic control predicts
severity of hepatocyte ballooning and hepatic fibrosis in nonalcoholic fatty
liver disease. Hepatology (Baltimore, MD). 2021,74(3):1220-33.

Aykut UE, Akyuz U, Yesil A, Eren F, Gerin F, Ergelen R, Celikel CA, Yilmaz Y.

A comparison of FibroMeter™ NAFLD Score, NAFLD fibrosis score, and
transient elastography as noninvasive diagnostic tools for hepatic fibrosis
in patients with biopsy-proven non-alcoholic fatty liver disease. Scand J
Gastroenterol. 2014,49(11):1343-8.

Dongiovanni P, Stender S, Pietrelli A, Mancina RM, Cespiati A, Petta S, Pelusi
S, Pingitore P, Badiali S, Maggioni M, et al. Causal relationship of hepatic fat
with liver damage and insulin resistance in nonalcoholic fatty liver.J Intern
Med. 2018;283(4):356-70.

Tilg H, Moschen AR. Insulin resistance, inflammation, and non-alcoholic fatty
liver disease. Trends Endocrinol Metab. 2008;19(10):371-9.

Chen C,Zhu Z, MaoY, Xu Y, DuJ, Tang X, Cao H. HbAlc may contribute to
the development of non-alcoholic fatty liver disease even at normal-range
levels. Biosci Rep. 2020;40(1):BSR20193996.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional a liations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




