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Background and objective: Retinol is a precursor of vitamin A, which is 
metabolized and maintained in the liver and is involved in the pathogenesis of 
the nonalcoholic fatty liver disease (NAFLD) and liver fibrosis. The relationship 
between NAFLD and liver fibrosis with serum retinol levels remains insufficient 
and inconclusive. Our study aimed to investigate the correlation between NAFLD, 
fibrosis, and serum retinol levels in American adults.

Methods: A cross-sectional analysis was conducted using information from 
the 2017–2018 cycle of the National Health and Nutrition Examination Survey 
(NHANES). The exposure factors were NAFLD and liver fibrosis status detected 
using transient elastography (TE), and the outcome was serum retinol levels. 
Weighted multivariate regressions were established to assess the correlation 
between NAFLD and liver fibrosis and serum retinol levels. Subgroup analyses 
were also performed.

Results: This study included 3,537 participants. Compared to the group without 
NAFLD, NAFLD was positively correlated with serum retinol levels (β = 1.28, 95% 
CI: 0.19, 2.37). In the subgroup analysis, a positive correlation between NAFLD and 
serum retinol levels was found in people aged < 60 years, Mexican Americans, and 
those with a body mass index (BMI) < 25. On the contrary, compared to the group 
without liver fibrosis, there was a significant negative association between liver 
fibrosis and serum retinol (β = −3.46, 95% CI: −5.16, −1.75), especially in people 
aged < 60 years, non-Hispanic white/black individuals, and people with a BMI ≥ 25.

Conclusion: Our study suggests that NAFLD status may be positively associated 
with serum retinol levels in adult patients, and liver fibrosis may be  negatively 
associated with serum retinol levels. Further studies are required to examine the 
associations found in our study.
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a common chronic liver disease that affects 
one-third of American adults, resulting in a substantial disease burden (1). NAFLD is a fatty liver 
disease in which excessive fat is stored in liver cells (2, 3). It is an umbrella term that comprises a 
continuum of liver conditions that vary in the severity of the injury and resulting fibrosis (4). 
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FIGURE 1

Flowchart of the study participants.

NAFLD has a range of pathological changes (5) including isolated 
steatosis and progressive nonalcoholic steatohepatitis. Approximately 
40% of patients with nonalcoholic steatohepatitis eventually develop 
liver fibrosis, cirrhosis, and hepatocellular carcinoma (6). Because there 
is no effective treatment for NAFLD and fibrosis, it is necessary to 
identify the hazardous factors that contribute to disease development.

Dietary vitamin A is absorbed in the small intestine and 
transported to the liver in the form of retinyl esters, which are then 
stored in hepatic stellate cells (HSCs) (7). Retinol binds to retinol-
binding protein 4 (RBP4) produced by hepatocytes and is secreted 
into the circulation, where it plays a physiological role. Vitamin A is a 
key regulator of glucose and lipid metabolism in the liver and adipose 
tissue (8). It has been suggested that disturbances in vitamin A 
homeostasis in the liver may contribute to the development of NAFLD 
(9). Specifically, changes in diet or hormonal signaling can activate 
HSCs, leading to the loss of the ability of HSCs to store vitamin 
A. Excess vitamin A metabolism increases lipogenesis, allowing fat to 
accumulate in hepatocytes, eventually inducing NAFLD. After a long-
term chronic liver injury, HSCs transdifferentiate into myofibroblasts 
and produce an excessive extracellular matrix, leading to liver fibrosis. 
HSCs lose their stored retinyl esters during this process, eventually 
leading to a vitamin A deficiency.

Retinol is a precursor of vitamin A, and the serum retinol level is 
a sensitive marker for the evaluation of vitamin A status (10). 
However, reports on the epidemiological relationship between 
NAFLD and liver fibrosis and serum retinol levels are scarce, and the 
results of studies on serum vitamin A levels in patients with NAFLD 
or fibrosis are controversial (11–13).

Liver ultrasound transient elastography (TE) is a noninvasive 
method for estimating liver steatosis and fibrosis (14) and has been 
used in the general population (15). The National Health and 
Nutritional Examination Survey (NHANES) first used TE 
examinations during the 2017–2018 cycle. Here, we  aimed to 
investigate the clinical relevance of serum retinol levels in the setting 
of NAFLD and liver fibrosis detected by TE in adults and to provide a 
new perspective on its pathogenesis.

2. Materials and methods

The NHANES is a cross-sectional survey conducted in the 
United States based on a nationally representative sample. Our study 
used data from the 2017–2018 NHANES cycle, in which the TE 
examination was first used.

2.1. Variables

The exposure factors were NAFLD status detected by the control 
attenuation parameter (CAP) and liver fibrosis status detected by liver 
stiffness measurement (LSM). CAP and LSM values were implemented 
on FibroScan®, an instrument that can use the vibration-controlled 
transient elastography (VCTE) technique, obtained in mobile 
examination centers (MEC). Qualified VCTE tests required the 
following three aspects: fasting for at least 3 h, 10 LSM measurements 
were obtained at least, and an interquartile range (IQR)/median of 
<30%. Liver steatosis was defined as a median CAP value ≥ 274 dB/m 
(16) based on a recent study. Significant fibrosis (≥F2) was defined as 

a median LSM value ≥ 8.0 kPa (17, 18). The outcome was the serum 
retinol level, detected using a modification of a high-performance 
liquid chromatography-photodiode array detection method, as 
recommended by the NHANES website.1 Specifically, the serum was 
mixed with an ethanol solution containing an internal standard, 
retinyl butyrate. After extracting the micronutrients, an aliquot of the 
filtrate was injected into a C18 reversed-phase column. Quantitative 
analysis was performed using spectrophotometry. Retinol and retinyl 
esters were compared with retinyl butyrate at 325 nm.

The covariates included age, race, sex, waist circumference, body 
mass index (BMI), triglyceride, total cholesterol, alanine 
aminotransferase (ALT), aspartate transaminase (AST), γ-glutamyl 
transpeptidase (GGT), total bilirubin, serum albumin, serum 
creatinine, blood urea nitrogen, recreational physical activity, smoking 
status, and diabetes status. All data are available on the NHANES’s 
website. The participants were classified as never, former, or current 
smokers. Participants were considered never smokers if they had 
smoked <100 cigarettes and former or current smokers based on 
whether they smoked currently or not, or if they had ever smoked ≥ 
100 cigarettes. Diabetes was defined based on the guidelines for the 
Classification and Diagnosis of Diabetes. HBsAg and anti-HCV 
antibodies were used to detect the hepatitis B virus (HBV) and 
hepatitis C virus (HCV), respectively. Alcohol intake data were 
obtained from the questionnaire according to alcohol consumption in 
the previous year. Significant alcohol intake was defined as >21 or > 14 
standard drinks weekly for men or women (19).

2.2. Study population

In total, 9,254 participants were included in the 2017–2018 
NHANES cycle. We excluded the following participants: individuals 
aged <18 years, individuals whose MEC exam was not available, 
individuals for whom a transient elastography was not performed 

1 wwwn.cdc.gov
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(ineligible or not done), individuals for whom only a partial TE exam 
was performed (fasting < 3 h or incapable of obtaining at least 10 
effective measures or IQR/Median ≥ 30%), individuals with Hepatitis 
B and C, individuals with significant alcohol intake or missing alcohol 
use data, individuals with exposure to steatogenic drugs (amiodarone, 
tamoxifen, corticosteroid, valproate, and methotrexate), and 
individuals whose serum retinol levels were not available. Finally, 
3,537 samples were analyzed (Figure 1).

2.3. Statistical analysis

Appropriate sample weights were used for analysis. Data were 
presented as weighted proportions and weighted mean ± standard 
error (SE) for different types of covariables. We  used weighted 
chi-square tests and linear regression models to explore differences 
between patients with NAFLD and fibrosis and those without NAFLD 
and fibrosis. Multifactor linear regression models were used to assess 

TABLE 1 Weighted characteristics of the study sample based on NAFLD and liver fibrosis status.

Characteristic Total

NAFLD
p-

value

Liver fibrosis
p-

value
No Yes No Yes

CAP < 274 dB/m CAP ≥ 274 dB/m LSM < 8.0 kPa LSM ≥ 8.0 kPa

N 3,669 1983 1,554 3,186 351

Age (years) 46.92 ± 17.42 44.10 ± 17.61 50.90 ± 16.33 <0.0001 46.57 ± 17.40 50.86 ± 17.17 <0.0001

Gender (%) <0.0001 <0.0001

Male 49.45 44.99 55.76 48.43 60.86

Female 50.55 55.01 44.24 51.57 39.14

Race (%) <0.0001 0.8006

Mexican American 9.47 6.83 13.20 9.34 10.93

Other Hispanic 7.07 7.39 6.61 6.98 8.05

Non-Hispanic white 63.94 65.18 62.18 64.05 62.68

Non-Hispanic Black 10.41 11.87 8.34 10.51 9.24

Other Race 9.11 8.73 9.67 9.12 9.10

BMI 29.61 ± 7.05 26.70 ± 5.62 33.70 ± 6.83 <0.0001 28.95 ± 6.39 36.86 ± 9.55 <0.0001

Waist circumference (cm) 100.19 ± 17.02 92.47 ± 13.94 111.08 ± 14.88 <0.0001 98.59 ± 15.77 117.94 ± 19.97 <0.0001

Total cholesterol (mg/dL) 188.27 ± 40.62 186.40 ± 39.66 190.91 ± 41.79 0.0011 188.69 ± 40.24 183.61 ± 44.38 0.0407

Triglyceride (mg/dL) 112.78 ± 71.82 101.78 ± 42.24 128.32 ± 97.52 <0.0001 111.33 ± 66.43 128.93 ± 114.65 <0.0001

ALT (IU/L) 27.53 ± 18.52 19.23 ± 13.56 27.52 ± 18.57 <0.0001 21.81 ± 15.32 32.20 ± 22.99 <0.0001

AST (IU/L) 21.51 ± 10.93 20.52 ± 9.88 22.92 ± 12.13 <0.0001 21.02 ± 9.68 27.06 ± 19.31 <0.0001

GGT (IU/L) 28.16 ± 36.32 23.09 ± 33.35 35.33 ± 39.03 <0.0001 26.12 ± 27.83 50.90 ± 82.51 <0.0001

Total bilirubin (mg/dL) 0.47 ± 0.28 0.49 ± 0.29 0.45 ± 0.26 <0.0001 0.47 ± 0.28 0.47 ± 0.25 0.9629

Serum albumin (g/dL) 4.11 ± 0.32 4.13 ± 0.31 4.07 ± 0.32 <0.0001 4.11 ± 0.31 4.04 ± 0.36 0.0002

Serum creatinine (mg/dL) 0.88 ± 0.31 0.87 ± 0.24 0.89 ± 0.39 0.0649 0.88 ± 0.30 0.93 ± 0.43 0.0058

Blood urea nitrogen (mg/dL) 14.95 ± 5.06 14.55 ± 4.83 15.51 ± 5.33 <0.0001 14.90 ± 5.03 15.50 ± 5.40 0.0526

Recreational physical activity (%) <0.0001 <0.0001

Yes 56.89 63.35 47.78 58.24 41.94

No 43.11 36.65 52.22 41.76 58.06

Smoking status (%) 0.0002 0.0125

Never 58.01 59.88 55.37 58.53 52.25

Former 25.45 22.92 29.02 24.80 32.67

Current 16.54 17.20 15.62 16.67 15.08

Diabetes (%) <0.0001 <0.0001

Yes 13.91 5.99 25.08 11.45 41.23

No 86.09 94.01 74.92 88.55 58.77

Serum retinol (μg/dL) 54.52 ± 15.66 53.34 ± 15.18 56.19 ± 16.16 <0.0001 54.64 ± 15.64 53.18 ± 15.79 0.1269

CAP (dB/m) 261.97 ± 62.41 219.17 ± 36.08 322.41 ± 36.30 <0.0001 256.78 ± 59.85 319.59 ± 61.31 <0.0001

LSM (kPa) 5.62 ± 4.87 4.82 ± 2.99 6.75 ± 6.50 <0.0001 4.79 ± 1.24 14.81 ± 13.33 <0.0001

Mean ± SD and % for continuous and categorical variables. The P-value was calculated by weight linear regression model and weighted chi-square test, respectively.
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TABLE 2 Relationship between NAFLD or liver fibrosis status and serum retinol (μg/dL) in adults.

Model 1 Model 2 Model 3

β (95%CI)  
p-value

β (95%CI)  
p-value

β (95%CI)  
p-value

NAFLD status

No Reference Reference Reference

Yes 2.85 (1.81, 3.89) <0.0001 1.04 (0.02, 2.06) 0.0453 1.28 (0.19, 2.37) 0.0218

Liver fibrosis status

No Reference Reference Reference

Yes −1.46 (−3.33, 0.41) 0.1269 −3.06 (−4.83, −1.29) 0.0007 −3.46 (−5.16, −1.75) <0.0001

Model 1, no adjusted covariables; Model 2, adjustments made for gender, race, and age; Model 3, in addition to the variables in Model 2, BMI, waist circumference, total cholesterol, 
triglyceride, ALT, AST, GGT, total bilirubin, serum albumin, serum creatinine, blood urea nitrogen, recreational physical activity, smoking status, and diabetes were added. In different 
stratified policies, stratified variables were not adjusted themselves.

the correlation between NAFLD and fibrosis status with serum 
retinol levels.

Three models were created in the study, as recommended by the 
guidelines for reporting observational studies (20): Model 1, no 
adjusted covariables; Model 2, adjustments made for sex, race, and 
age; Model 3, in addition to the variables in Model 2, waist 
circumference, BMI, total cholesterol, triglyceride, ALT, AST, GGT, 
total bilirubin, serum albumin, serum creatinine, blood urea nitrogen, 
recreational physical activity, smoking status, and diabetes status were 
added. Subgroup analyses were performed based on age, sex, race, 
and BMI.

EmpowerStats2 and R3 software packages were used for the 
analyses. p-values of <0.05 were defined as statistically  
significant.

3. Results

3.1. Population characteristics

A total of 3,537 samples were included in the study. The 
weighted characteristics of the samples according to NAFLD and 
fibrosis status are shown in Table  1. There were significant 
differences in sample characteristics among patients with different 
NAFLD statuses. Compared with the group without NAFLD, the 
patients with NAFLD were more likely to be  older, men, 
non-Hispanic white, and former smokers. They also had higher 
BMIs, waist circumference, total cholesterol, triglyceride, ALT, 
AST, GGT, blood urea nitrogen, and LSM values, and lower total 
bilirubin and serum albumin levels. Moreover, they were less 
likely to undergo recreational physical activity and had a higher 
prevalence of diabetes (p < 0.05). Weighted characteristics based 
on liver fibrosis showed similar results. In brief, there were 
significant differences in most sample characteristics (Table 1), 
except for race, total cholesterol, total bilirubin, and blood 
urea nitrogen.

2 http://www.empowerstats.com

3 http://www.R-project.org

3.2. Relationship between NAFLD and 
serum retinol

We constructed three weighted linear regression models as shown 
in Table  2. Compared to the group without NAFLD, there was a 
significant positive correlation between the NAFLD group and serum 
retinol in Model 1 (β = 2.85, 95% CI: 1.81, 3.89). After adjusting for 
covariates, a significant positive correlation was still present in Model 
2 (β = 1.04, 95% CI: 0.02 2.06) and Model 3 (β = 1.28, 95% CI: 0.19, 
2.37). In further subgroup analyses (Table 3) stratified by age, sex, 
race, and body mass index (BMI), a positive correlation remained in 
people aged < 60 years (β = 1.40, 95% CI: 0.07, 2.72), Mexican 
Americans (β = 2.47, 95% CI: 0.18, 4.77), and those with a BMI < 25 
(β = 6.48, 95% CI: 3.10, 9.86).

3.3. Relationship between liver fibrosis and 
serum retinol

In terms of the relationship between liver fibrosis status and 
serum retinol, compared with the group without liver fibrosis 
(Table 3), no significant correlation was found in Model 1 (β = −1.46, 
95% CI: −3.33, 0.41) in the liver fibrosis group. Interestingly, there was 
a significant negative correlation after adjusting for the covariates in 
Model 2 (β = −3.06, 95% CI: −4.83, −1.29) and Model 3 (β = −3.46, 
95% CI: −5.16, −1.75). In subgroup analyses (Table 4), the positive 
correlation remained in people aged < 60 years (β = −3.74, 95% CI: 
−5.89, −1.58), both men (β = −3.57, 95% CI: −5.79, −1.35) and 
women (β = −3.45, 95% CI: −6.13, −0.76), non-Hispanic white 
individuals (β = −3.47, 95% CI: −6.42, −0.52), non-Hispanic black 
individuals (β = −6.22, 95% CI: −9.87, 2.58), and those with a BMI of 
25–29.9 (β = −4.77, 95% CI: −8.96, −0.59) and a BMI ≥ 30 (β = −2.87, 
95% CI: −4.90, −0.85).

4. Discussion

In our study, the 2017–2018 NHANES cycle was used to examine 
the correlation between NAFLD and fibrosis status detected by TE 
with serum retinol in adults. NAFLD was positively associated with 
serum retinol levels, especially in those aged <60 years, Mexican 
Americans, and those with a BMI < 25. In contrast, liver fibrosis status 
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was negatively associated with serum retinol levels, especially in 
people aged <60 years, non-Hispanic white/black individuals, and 
those with a BMI ≥ 25.

Vitamin A is necessary for glucose and lipid metabolism (21, 22) 
in the liver and adipose tissue (13), even in patients with NAFLD (23, 
24). Retinol has an important antioxidant effect on NAFLD (25, 26). 
However, it remains unclear whether vitamin A levels promote or 

inhibit NAFLD development. Serum vitamin A levels in patients with 
NAFLD are controversial. A cross-sectional study reported that serum 
vitamin A levels were negatively correlated with NAFLD severity (11). 
Another study reported that serum retinol levels are inadequate in 
NAFLD (27). Nevertheless, another study indicated that serum retinol 
levels were higher in NAFLD donors than in non-NAFLD donors (12). 
A recent study from South Korea (13) showed that serum retinol levels 

TABLE 3 Relationship between NAFLD status and serum retinol (μg/dL) in adults, stratified by age, gender, race, and BMI.

NAFLD status
Model 1 Model 2 Model 3

β (95%CI) p-value β (95%CI) p-value β (95%CI) p-value

<60 years

No Reference Reference Reference

Yes 2.16 (0.91, 3.40) 0.0007 1.53 (0.34, 2.72) 0.0121 1.40 (0.07, 2.72) 0.0397

≥60 years

No Reference Reference Reference

Yes 2.72 (0.83, 4.61) 0.0049 2.75 (0.85, 4.65) 0.0046 1.60 (−0.24, 3.44) 0.0887

Male

No Reference Reference Reference

Yes 2.26 (0.84, 3.67) 0.0018 1.35 (−0.08, 2.77) 0.0638 1.33 (−0.24, 2.90) 0.0966

Female

No Reference Reference Reference

Yes 2.21 (0.70, 3.72) 0.0041 0.63 (−0.83, 2.10) 0.3970 1.44 (−0.08, 2.97) 0.0636

Mexican American

No Reference Reference Reference

Yes 3.36 (0.98, 5.74) 0.0058 0.68 (−1.56, 2.91) 0.5537 2.47 (0.18, 4.77) 0.0353

Other Hispanic

No Reference Reference Reference

Yes 0.74 (−2.14, 3.61) 0.6161 −0.94 (−3.72, 1.84) 0.5079 0.59 (−2.29, 3.46) 0.6899

Non-Hispanic white

No Reference Reference Reference

Yes 2.66 (0.90, 4.43) 0.0031 0.67 (−1.09, 2.43) 0.4539 1.41 (−0.50, 3.32) 0.1491

Non-Hispanic Black

No Reference Reference Reference

Yes 5.21 (2.89, 7.52) <0.0001 3.05 (0.80, 5.30) 0.0081 0.76 (−1.59, 3.10) 0.5258

Other Race

No Reference Reference Reference

Yes 4.78 (2.43, 7.13) <0.0001 3.05 (0.75, 5.36) 0.0097 0.18 (−2.16, 2.52) 0.8792

BMI < 25

No Reference Reference Reference

Yes 11.33 (7.88, 14.79) <0.0001 8.46 (5.01, 11.91) <0.0001 6.48 (3.10, 9.86) 0.0002

BMI 25–29.9

No Reference Reference Reference

Yes 1.37 (−0.49, 3.24) 0.1493 −0.09 (−1.92, 1.74) 0.9244 −0.36 (−2.08, 1.36) 0.6826

BMI ≥ 30

No Reference Reference Reference

Yes 3.41 (1.69, 5.14) 0.0001 1.79 (0.12, 3.46) 0.0354 1.53 (−0.02, 3.07) 0.0528

Model 1, no adjusted covariables; Model 2, adjustments made for gender, race, and age; Model 3, in addition to the variables in Model 2, BMI, waist circumference, total cholesterol, 
triglyceride, ALT, AST, GGT, total bilirubin, serum albumin, serum creatinine, blood urea nitrogen, recreational physical activity, smoking status, and diabetes were added. In different 
stratified policies, stratified variables were not adjusted themselves.
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were positively associated with the prevalence of NAFLD. According 
to the results of our research, patients with NAFLD had higher serum 
retinol levels than those without NAFLD, especially in those aged < 
60 years, Mexican Americans, and with a BMI < 25.

Liver fibrosis has a significant effect on vitamin A metabolism and 
storage. HSCs contain approximately 80% retinol. HSCs are activated 
to produce large amounts of collagen and fibroblasts under oxidative 

stress, eventually leading to fibrosis (7). Vitamin A reserves are also 
gradually lost during this conversion process (25). In most NAFLD 
prediction models, low serum retinol levels were significantly 
associated with advanced fibrosis. According to a recent study (13), 
serum retinol deficiency was significantly associated with advanced 
fibrosis. Another study showed that reduced serum retinol levels were 
observed in patients with advanced liver fibrosis, and liver fibrosis was 

TABLE 4 Relationship between liver fibrosis status and serum retinol (μg/dL) in adults, stratified by age, gender, race, and BMI.

Liver fibrosis status
Model 1 Model 2 Model 3

β (95%CI) p-value β (95%CI) p-value β (95%CI) p-value

<60 years

No Reference Reference Reference

Yes −2.96 (−5.27, −0.64) 0.0123 −4.18 (−6.36, −1.99) 0.0002 −3.74 (−5.89, −1.58) 0.0007

≥60 years

No Reference Reference Reference

Yes −0.01 (−3.09, 3.07) 0.9957 0.26 (−2.82, 3.35) 0.8670 −2.75 (−5.50, 0.00) 0.0504

Male

No Reference Reference Reference

Yes −2.82 (−5.16, −0.48) 0.0182 −3.57 (−5.85, −1.29) 0.0022 −3.57 (−5.79, −1.35) 0.0016

Female

No Reference Reference Reference

Yes −1.30 (−4.26, 1.67) 0.3910 −2.24 (−5.04, 0.56) 0.1171 −3.45 (−6.13, −0.76) 0.0120

Mexican American

No Reference Reference Reference

Yes −0.86 (−4.88, 3.17) 0.6767 −3.83 (−7.55, −0.11) 0.0440 −0.85 (−4.40, 2.70) 0.6385

Other Hispanic

No Reference Reference Reference

Yes −0.86 (−4.88, 3.17) 0.6767 −3.83 (−7.55, −0.11) 0.0440 −0.85 (−4.40, 2.70) 0.6385

Non-Hispanic white

No Reference Reference Reference

Yes −2.02 (−5.19, 1.16) 0.2138 −3.18 (−6.26, −0.11) 0.0428 −3.47 (−6.42, −0.52) 0.0213

Non-Hispanic Black

No Reference Reference Reference

Yes 0.97 (−3.27, 5.21) 0.6541 −2.14 (−6.18, 1.90) 0.2999 −6.22 (−9.87, −2.58) 0.0009

Other Race

No Reference Reference Reference

Yes 3.17 (−1.12, 7.46) 0.1478 1.00 (−3.11, 5.11) 0.6327 −2.38 (−6.40, 1.64) 0.2470

BMI < 25

No Reference Reference Reference

Yes 1.41 (−4.44, 7.26) 0.6362 −0.90 (−6.50, 4.69) 0.7518 −2.37 (−7.93, 3.19) 0.4030

BMI 25–29.9

No Reference Reference Reference

Yes −1.36 (−6.15, 3.43) 0.5767 −4.09 (−8.64, 0.46) 0.0786 −4.77 (−8.96, −0.59) 0.0257

BMI ≥ 30

No Reference Reference Reference

Yes −1.34 (−3.60, 0.92) 0.2441 −2.41 (−4.55, −0.28) 0.0271 −2.87 (−4.90, −0.85) 0.005

Model 1, no adjusted covariables; Model 2, adjustments made for gender, race, and age; Model 3, in addition to the variables in Model 2, BMI, waist circumference, total cholesterol, 
triglyceride, ALT, AST, GGT, total bilirubin, serum albumin, serum creatinine, blood urea nitrogen, recreational physical activity, smoking status, and diabetes were added. In different 
stratified policies, stratified variables were not adjusted themselves.
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an independent risk factor correlated with decreased serum retinol 
levels (27). Our study showed that compared with the group without 
liver fibrosis, patients with liver fibrosis had lower serum retinol levels, 
especially those aged < 60 years, non-Hispanic white/black individuals, 
and individuals with a BMI ≥ 25. These findings were consistent with 
those of previous research (28–30).

Dysregulation of liver vitamin A homeostasis may be implicated 
in the onset of NAFLD (9). Disordered vitamin A homeostasis during 
the development and early stages of NAFLD can affect the 
accumulation of lipids in the liver (31, 32). This results in excessive 
release of retinol and elevated serum retinol levels (33). When NAFLD 
develops into advanced fibrosis, excessive impairment of vitamin A 
levels leads to a serious deficiency of vitamin A in the liver, which 
leads to decreased serum retinol concentrations.

This study has several limitations. First, the causal relationship 
between both NAFLD and liver fibrosis and serum retinol levels 
remains unclear; this should be confirmed by prospective studies. 
Second, NAFLD status and liver fibrosis were defined by the CAP and 
LSM values through VCTE rather than liver biopsy, which may cause 
identification bias. Third, the correlation between both NAFLD and 
liver fibrosis and serum retinol levels varied by age, sex, race, and BMI 
in the subgroup analysis; the mechanism remains unclear and needs 
further research.

5. Conclusion

Our study suggests that NAFLD status may be  positively 
associated with serum retinol levels in adult patients and that liver 
fibrosis may be negatively associated with serum retinol levels. As 
many unknown and complicated mechanisms exist, future 
experimental and prospective cohort studies will be helpful.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be found at: www.cdc.gov/nchs/nhanes/.

Ethics statement

NHANES was approved by the National Center for Health 
Statistics Research Ethics Review Board.  The participants provided 
their written informed consent to participate in NHANES. Ethical 
approval for this study is deemed exempt because this study uses 
publically available data.

Author contributions

XN, JL, and KL contributed to the study’s conception and design. 
XN and JL contributed to data collection and interpretation of data. 
KL contributed to data analysis and writing and revision of the 
manuscript. All authors contributed to the article and approved the 
submitted version.

Acknowledgments

The authors appreciate the efforts given by participants in the 
NHANES project.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al. Global 

burden of NAFLD and NASH: trends, predictions, risk factors, and prevention. Nat Rev 
Gastroenterol Hepatol. (2018) 15:11–20. doi: 10.1038/nrgastro.2017.109

 2. Francque SM, Marchesini G, Kautz A, Walmsley M, Dorner R, Lazarus JV, et al. 
Non-alcoholic fatty liver disease: a patient guideline. JHEP Rep. (2021) 3:100322. doi: 
10.1016/j.jhepr.2021.100322

 3. Classification and Diagnosis of Diabetes. Standards of medical Care in 
Diabetes-2020. Diabetes Care. (2020) 43:S14–s31. doi: 10.2337/dc20-S002

 4. Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of 
NAFLD development and therapeutic strategies. Nat Med. (2018) 24:908–22. doi: 
10.1038/s41591-018-0104-9

 5. Abdelmalek MF. Nonalcoholic fatty liver disease: another leap forward. Nat Rev 
Gastroenterol Hepatol. (2021) 18:85–6. doi: 10.1038/s41575-020-00406-0

 6. Younossi ZM, Henry L. Epidemiology of non-alcoholic fatty liver disease and 
hepatocellular carcinoma. JHEP Rep. (2021) 3:100305. doi: 10.1016/j.jhepr.2021.100305

 7. Saeed A, Dullaart RPF, Schreuder T, Blokzijl H, Faber KN. Disturbed vitamin a 
metabolism in non-alcoholic fatty liver disease (NAFLD). Nutrients. (2018) 10:29. doi: 
10.3390/nu10010029

 8. Pouwels S, Sakran N, Graham Y, Leal A, Pintar T, Yang W, et al. Non-alcoholic fatty 
liver disease (NAFLD): a review of pathophysiology, clinical management and effects of 
weight loss. BMC Endocr Disord. (2022) 22:63. doi: 10.1186/s12902-022-00980-1

 9. Chen G. The link between hepatic vitamin a metabolism and nonalcoholic fatty 
liver disease. Curr Drug Targets. (2015) 16:1281–92. doi: 10.217
4/1389450116666150325231015

 10. Gannon BM, Tanumihardjo SA. Comparisons among equations used for retinol 
isotope dilution in the assessment of Total body stores and Total liver reserves. J Nutr. 
(2015) 145:847–54. doi: 10.3945/jn.114.208132

 11. Mazidi M, Huybrechts I, Kengne AP. Associations between serum lipophilic 
antioxidants levels and non-alcoholic fatty liver disease are moderated by adiposity. Eur 
J Clin Nutr. (2019) 73:1088–90. doi: 10.1038/s41430-019-0413-1

 12. Pettinelli P, Arendt BM, Teterina A, McGilvray I, Comelli EM, Fung SK, et al. 
Altered hepatic genes related to retinol metabolism and plasma retinol in patients with 
non-alcoholic fatty liver disease. PLoS One. (2018) 13:e0205747. doi: 10.1371/journal.
pone.0205747

 13. Jeon D, Son M, Shim J. Dynamics of serum retinol and alpha-tocopherol levels 
according to non-alcoholic fatty liver disease status. Nutrients. (2021) 13. doi: 10.3390/
nu13051720

 14. Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment of liver disease 
in patients with nonalcoholic fatty liver disease. Gastroenterology. (2019) 156:1264–81.e4. 
doi: 10.1053/j.gastro.2018.12.036

 15. Kim D, Konyn P, Cholankeril G, Ahmed A. Physical activity is associated with 
nonalcoholic fatty liver disease and significant fibrosis measured by FibroScan. Clin 
Gastroenterol Hepatol. (2022) 20:e1438–55. doi: 10.1016/j.cgh.2021.06.029

https://doi.org/10.3389/fnut.2023.1094161
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://www.cdc.gov/nchs/nhanes/
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1016/j.jhepr.2021.100322
https://doi.org/10.2337/dc20-S002
https://doi.org/10.1038/s41591-018-0104-9
https://doi.org/10.1038/s41575-020-00406-0
https://doi.org/10.1016/j.jhepr.2021.100305
https://doi.org/10.3390/nu10010029
https://doi.org/10.1186/s12902-022-00980-1
https://doi.org/10.2174/1389450116666150325231015
https://doi.org/10.2174/1389450116666150325231015
https://doi.org/10.3945/jn.114.208132
https://doi.org/10.1038/s41430-019-0413-1
https://doi.org/10.1371/journal.pone.0205747
https://doi.org/10.1371/journal.pone.0205747
https://doi.org/10.3390/nu13051720
https://doi.org/10.3390/nu13051720
https://doi.org/10.1053/j.gastro.2018.12.036
https://doi.org/10.1016/j.cgh.2021.06.029


Niu et al. 10.3389/fnut.2023.1094161

Frontiers in Nutrition 08 frontiersin.org

 16. Eddowes PJ, Sasso M, Allison M, Tsochatzis E, Anstee QM, Sheridan D, et al. 
Accuracy of FibroScan controlled attenuation parameter and liver stiffness measurement 
in assessing steatosis and fibrosis in patients with nonalcoholic fatty liver disease. 
Gastroenterology. (2019) 156:1717–30. doi: 10.1053/j.gastro.2019.01.042

 17. Roulot D, Czernichow S, Le Clésiau H, Costes JL, Vergnaud AC, Beaugrand M. 
Liver stiffness values in apparently healthy subjects: influence of gender and metabolic 
syndrome. J Hepatol. (2008) 48:606–13. doi: 10.1016/j.jhep.2007.11.020

 18. Roulot D, Costes JL, Buyck JF, Warzocha U, Gambier N, Czernichow S, et al. 
Transient elastography as a screening tool for liver fibrosis and cirrhosis in a community-
based population aged over 45 years. Gut. (2011) 60:977–84. doi: 10.1136/
gut.2010.221382

 19. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The 
diagnosis and management of nonalcoholic fatty liver disease: practice guidance from 
the American Association for the Study of Liver Diseases. Hepatology. (2018) 67:328–57. 
doi: 10.1002/hep.29367

 20. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The 
strengthening the reporting of observational studies in epidemiology (STROBE) 
statement: guidelines for reporting observational studies. Int J Surg. (2014) 12:1495–9. 
doi: 10.1016/j.ijsu.2014.07.013

 21. Bar-El Dadon S, Reifen R. Vitamin a and the epigenome. Crit Rev Food Sci Nutr. 
(2017) 57:2404–11. doi: 10.1080/10408398.2015.1060940

 22. Tanumihardjo SA, Russell RM, Stephensen CB, Gannon BM, Craft NE, Haskell 
MJ, et al. Biomarkers of nutrition for development (BOND)-vitamin a review. J Nutr. 
(2016) 146:S1816–48. doi: 10.3945/jn.115.229708

 23. Botella-Carretero JI, Balsa JA, Vázquez C, Peromingo R, Díaz-Enriquez M, 
Escobar-Morreale HF. Retinol and alpha-tocopherol in morbid obesity and nonalcoholic 
fatty liver disease. Obes Surg. (2010) 20:69–76. doi: 10.1007/s11695-008-9686-5

 24. Suano de Souza FI, Silverio Amancio OM, Saccardo Sarni RO, Sacchi Pitta T, 
Fernandes AP, Affonso Fonseca FL, et al. Non-alcoholic fatty liver disease in overweight 

children and its relationship with retinol serum levels. Int J Vitam Nutr Res. (2008) 
78:27–32. doi: 10.1024/0300-9831.78.1.27

 25. Blaner WS. Vitamin a signaling and homeostasis in obesity, diabetes, and metabolic 
disorders. Pharmacol Ther. (2019) 197:153–78. doi: 10.1016/j.pharmthera.2019.01.006

 26. Fierbinţeanu-Braticevici C, Mohora M, Creţoiu D, Creţoiu S, Petrişor A, Usvat R, 
et al. Role of oxidative stress in the pathogenesis of chronic hepatitis C (CHC). 
Romanian J Morphol Embryol. (2009) 50:407–12. PMID: 19690766

 27. Coelho JM, Cansanção K, Perez RM, Leite NC, Padilha P, Ramalho A, et al. 
Association between serum and dietary antioxidant micronutrients and advanced liver 
fibrosis in non-alcoholic fatty liver disease: an observational study. PeerJ. (2020) 8:e9838. 
doi: 10.7717/peerj.9838

 28. Peres WA, Chaves GV, Gonçalves JC, Ramalho A, Coelho HS. Vitamin a deficiency 
in patients with hepatitis C virus-related chronic liver disease. Br J Nutr. (2011) 
106:1724–31. doi: 10.1017/S0007114511002145

 29. de Paula TP, Ramalho A, Braulio VB. The effectiveness of relative dose response 
to retinol intake as an evaluation of vitamin a status of cirrhotic patients. J Hum Nutr 
Diet. (2010) 23:583–9. doi: 10.1111/j.1365-277X.2010.01072.x

 30. Newsome PN, Beldon I, Moussa Y, Delahooke TE, Poulopoulos G, Hayes PC, et al. 
Low serum retinol levels are associated with hepatocellular carcinoma in patients with 
chronic liver disease. Aliment Pharmacol Ther. (2000) 14:1295–301. doi: 
10.1046/j.1365-2036.2000.00849.x

 31. Li D, Friedman SL. Liver fibrogenesis and the role of hepatic stellate cells: new 
insights and prospects for therapy. J Gastroenterol Hepatol. (1999) 14:618–33. doi: 
10.1046/j.1440-1746.1999.01928.x

 32. Frey SK, Vogel S. Vitamin a metabolism and adipose tissue biology. Nutrients. 
(2011) 3:27–39. doi: 10.3390/nu3010027

 33. Zhang Y, Li R, Li Y, Chen W, Zhao S, Chen G. Vitamin a status affects obesity 
development and hepatic expression of key genes for fuel metabolism in Zucker fatty 
rats. Biochem Cell Biol. (2012) 90:548–57. doi: 10.1139/o2012-012

https://doi.org/10.3389/fnut.2023.1094161
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1053/j.gastro.2019.01.042
https://doi.org/10.1016/j.jhep.2007.11.020
https://doi.org/10.1136/gut.2010.221382
https://doi.org/10.1136/gut.2010.221382
https://doi.org/10.1002/hep.29367
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1080/10408398.2015.1060940
https://doi.org/10.3945/jn.115.229708
https://doi.org/10.1007/s11695-008-9686-5
https://doi.org/10.1024/0300-9831.78.1.27
https://doi.org/10.1016/j.pharmthera.2019.01.006
https://doi.org/19690766
https://doi.org/10.7717/peerj.9838
https://doi.org/10.1017/S0007114511002145
https://doi.org/10.1111/j.1365-277X.2010.01072.x
https://doi.org/10.1046/j.1365-2036.2000.00849.x
https://doi.org/10.1046/j.1440-1746.1999.01928.x
https://doi.org/10.3390/nu3010027
https://doi.org/10.1139/o2012-012

	Association of nonalcoholic fatty liver disease and liver fibrosis detected by transient elastography with serum retinol in American adults
	1. Introduction
	2. Materials and methods
	2.1. Variables
	2.2. Study population
	2.3. Statistical analysis

	3. Results
	3.1. Population characteristics
	3.2. Relationship between NAFLD and serum retinol
	3.3. Relationship between liver fibrosis and serum retinol

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

