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Abstract
Background There is a known association between liver disease and retinopathy. However, the relationship between 
non-invasive fibrosis scores and retinal image changes remains unknown. The research sought to explore the link 
between Fibrosis-4 score (FIB‐4) and Fibrosis‐8 score (FIB-8) and retinal image changes.

Methods This cross-sectional study included participants with complete information on FIB-4/FIB-8, retinal images 
and covariates from two cycles of the National Health and Nutrition Examination Surveys (NHANES) 2005–2008. We 
converted FIB-4 to the categorical variable according to its correlation with liver fibrosis staging (< 1.3, 1.3–2.67, ≥ 2.67; 
<1.45, 1.45–3.25, > 3.25). Weighted multifactorial logistic regression was used to assess the association between FIB-4
、 FIB-8 and retinal image changes, and Restricted Cubic Spline (RCS) and smoothed curve fitting were used to 
examine the dose-response relationship between FIB-4, FIB-8 and retinal image changes.

Results The cross-sectional study included a total of 3399 participants (1715 men; 1684 women) with a mean age of 
62.27 (9.49) years. Following comprehensive adjustments, a positive correlation was identified between FIB-4, FIB-8, 
and retinal image changes. When FIB-4 was converted to a categorical variable, there was a 62% increased risk of 
retinal image changes in higher FIB-4 group compared to the control group [OR:1.62,95% CI (1.01,2.59)]. Additionally, 
the relationship between FIB-4 and retinal image changes was found to be non-linear, while the association between 
FIB-8 and retinal image changes presented a linear pattern. Subgroup analyses and interactions showed that there 
was a significant interaction between economic situation and educational level and FIB-4, whereas there was no 
interaction between the variables of interest and FIB-8.

Conclusion Among individuals aged fifty years and older, FIB-4 and FIB-8 are linked to a higher risk of retinal image 
changes, particularly among those with advanced liver fibrosis. Our findings suggest that patients with severe fibrosis 
should also be monitored for retinal health.
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Introduction
Retinopathy is a common eye disease characterized 
by damage to the retinal microvasculature [1]. It is the 
leading cause of blindness worldwide [2], and is closely 
associated with diseases such as diabetes, hypertension 
and chronic kidney disease [3, 4]. Evidence suggests that 
retinopathy not only represents damage to the retinal 
microvasculature but is also a marker of systemic micro-
circulatory disorders, suggesting that retinal health is 
closely linked to systemic vascular complications [5]. 
Therefore, early prediction and diagnosis of retinopathy 
is important to protect systemic vascular health.

Liver fibrosis is a common pathway of liver injury, 
and advanced liver fibrosis is known as cirrhosis [6]. 
A growing body of research suggests that liver fibrosis 
is strongly associated with retinal disease. Mantovani 
and Mikolasevic et al. found that severe liver fibrosis 
was associated with diabetic retinopathy [7, 8], and Cho 
BJ et al. found that a history of cirrhosis was associated 
with a higher prevalence of age-related macular degen-
eration [9]. Fibrosis-4 score (FIB-4) and fibrosis-8 score 
(FIB-8) are non-invasive bioindicators used to assess the 
degree of liver fibrosis [10, 11]. FIB8 is based on FIB4 
and combines body mass index (BMI), albumin, globu-
lin, glutamyl aminotransferase (GGT) and diabetes [12]. 
Studies have shown that FIB-4 and FIB-8 are of high 
value in diagnosing and predicting fibrosis in different 
populations and that FIB-4 is more accurate in predicting 

significant fibrosis [13, 14]. Previous studies have shown 
that FIB-4 and FIB-8 correlate with a heightened risk of 
cardiovascular disease and its mortality [15, 16], but the 
relationship between FIB-4, FIB-8 and microvascular 
pathologies, such as the retina, remains unclear.

This study aimed to utilize a large public database to 
examine the relationship between FIB-4, FIB-8, and reti-
nal image changes in individuals aged fifty and older.

Methods
Study population
Our study collected publicly available data from the 
National Health and Nutrition Examination Surveys 
(NHANES) database for the 2005–2006 and 2007–2008 
cycles. NHANES is overseen by the National Center for 
Health Statistics (NCHS) and is designed to focus on the 
health and nutritional status of American people. The 
NHANES protocol was approved by the NCHS Ethics 
Review Board and each participant was required to sign a 
written informed consent form.

In the 2005–2008 cycle, 20,497 participants were 
enrolled, with 5,581 having data on retinal screening. 
Specific exclusion criteria were: (1) missing data on vari-
ables used to calculate FIB-4 and FIB-8; (2) participants 
under fifty years of age; and (3) participants missing data 
on relevant covariates. The final number of participants 
included was 3399. Figure 1 shows the specific screening 
process.

Fig. 1 Flow chart of the inclusion and exclusion of participants in this study
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FIB-4 and FIB-8
FIB-4 and FIB-8 are non-invasive indicators of liver fibro-
sis. It was calculated by combining age, albumin, globu-
lin, albumin transaminase (ALT), albumin transaminase 
(AST), GGT, platelets, diabetes and BMI. The indicators 
were measured by taking venous blood from the par-
ticipants, sending it to the central laboratory and using 
a biochemical analyzer. The specific calculation formulae 
are given below:

FIB-4: Age * AST/ [PLT * (ALT)1/2]
FIB-8:
F I B - 4  +  0 . 0 2 5 * B M I - 0 . 7 0 2 * ( A l b u m i n / G l o b u -

lin) + 0.004*GGT + 0.858*Diabetic (Yes = 1, No = 0).
Based on previous studies, we classified FIB4 into dif-

ferent groups: FIB4 [< 1.3, 1.3–2.67, ≥ 2.67], [< 1.45, 1.45–
3.25, > 3.25] [17, 18]. According to different thresholds, 
with FIB4 ≥ 2.67 and FIB4 > 3.25 defined as advanced 
fibrosis [19].

Assess of retinopathy
Staff took digital photographs of the participants’ retinas 
using a retinal camera. These photographs were sent to 
the University of Wisconsin’s ophthalmology laboratory, 
where the ophthalmology researcher and members of his 
team assessed retinal condition according to the Early 
Treatment Diabetic Retinopathy Study (ETDRS) proto-
col, with more severe retinas (> 14 grades) being diag-
nosed as having retinopathy [20, 21].

Relevant covariates
Based on previous studies, we included demographic 
variables: age, sex, ethnicity, educational level, economic 
level and marital status, which obtained from NHANES 
Mobile Examination Centre (MEC) self-report question-
naire. Ethnicity was categorized as Mexican American, 
Other Hispanic, Non-Hispanic White, Non-Hispanic 
Black, and Other Race based on participants’ responses 
to questions on the Race and Hispanic origin Survey. 
Educational level was categorized according to the par-
ticipant’s self-reported highest level of education: less 
than 9th grade, 9th-11th grade, high school graduate or 
equivalent, some college or AA degree, college gradu-
ate or above. Economic level was categorized by poverty 
income ratio (PIR, household income/U.S. Department 
of Health and Human Services (HHS) Federal Poverty 
Level): <1, 1–3, > 3. Marital status is classified as married 
or living with a partner and unmarried or other. BMI: 
weight/height squared (kg/m2). Lifestyle habits (smoking 
and alcohol consumption) and health status (hyperten-
sion, diabetes mellitus, coronary heart disease, stroke and 
angina pectoris) were obtained from relevant question-
naires. Criteria for hypertension were: (1) self-reported 
hypertension; (2) mean systolic blood pressure ≥ 140 
mmHg or mean diastolic blood pressure ≥ 90 mmHg; and 

(3) use of antihypertensive medication. Diagnostic crite-
ria for diabetes mellitus were: (1) self-reported diabetes 
mellitus; (2) use of insulin/glucose lowering medication; 
and (3) glycosylated hemoglobin ≥ 6.5%.

Data analysis
The software used to analyze the data in this study was 
the Empower Stats package and R (version 4.3.1), with 
P < 0.05 representing statistical significance. Given the 
complexity of sampling in the NHANES database, appro-
priate weights were used for subsequent analyses. Par-
ticipants were divided into retinal image changes and 
non- retinal image changes groups based on their reti-
nal condition. To determine if there were any significant 
differences in the categorical and numerical variables 
between these groups, the chi-squared test and the 
Kruskal-Wallis H test were applied. We used multiple 
weighted logistic regression models to examine the asso-
ciation of FIB-4 and FIB-8 with retinal image changes. 
Model 1: unadjusted, with FIB-4 and FIB-8 as the only 
variables; Model 2: adjusted for age, sex and ethnicity; 
Model 3: adjusted for all covariates. Dose-response rela-
tionships between FIB-4 and FIB-8 and retinal image 
changes were explored using Restricted Cubic Spline 
(RCS) models, smoothed curve fitting, and threshold 
effect analyses were used to compare relationships before 
and after the ‘tipping point’. Subgroup analyses were used 
to explore differences between populations.

Results
Baseline characteristics
Table  1 presents the baseline characteristics of the par-
ticipants divided based on the presence of retinopathy, 
among the 3,399 individuals included in our research, 
the average age was 62.27 years, 80.6% were non-His-
panic white, and 53.6% were female. Participants with 
retinal image changes had several characteristics. They 
were more likely to be male and older. Participants with 
moderate education and economic level had a higher 
prevalence, higher FIB-4 and FIB-8. Compared to the 
non-retinal image changes group, obese people, alcohol 
drinkers and people with diabetes, hypertension, coro-
nary heart disease, angina and stroke had a higher risk of 
having retinal image changes.

Association of FIB-4, FIB-8 and retinal image changes
We developed three models to test the associa-
tion between FIB-4、FIB8 and retinal image changes 
(Table  2). In model 1, FIB-4 and FIB-8 were positively 
associated with the risk of retinal image changes. This 
association remained stable after adjustment for all vari-
ables (OR: 1.17 [95%CI (1.03,1.32)]); OR: 1.17 [95%CI 
(1.03,1.34)]). This suggests a 17% increased risk of retinal 
image changes for each unit increase in FIB-4 and FIB-8. 
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Table 1 Demographics classified with retinal image changes
All Non-retinal image changes Retinal image changes p-value

 Number 3399 2902 497
Gender (N, %) < 0.001
 Male 1715(46.4) 1430 (45.1) 285(55.5)
 Female 1684(53.6) 1472(54.9) 212(44.5)
Age [years, mean (SD)] 62.27 (9.49) 62.02 (9.41) 64.14 (9.91) 0.001
Ethnicity (N, %) 0.008
 Mexican American 477(4.2) 396(4.0) 81(5.4)
 Other Hispanic 213(2.6) 186(2.6) 27(2.8)
 Non-Hispanic White 1946(80.6) 1715(81.5) 231(73.6)
 Non-Hispanic Black 668(8.5) 521(7.7) 147(14.3)
 Other 95(4.2) 84(4.2) 11(3.8)
Education (N, %) 0.002
 Less Than 9th Grade 485(7.0) 385(6.4) 100(11.2)
 9-11th Grade 510(11.2) 418(10.7) 92(14.6)
 Highschool graduate or equivalent 873(27.4) 749(27.0) 124(30.4)
 Some College or AA degree 835(28.1) 718(28.5) 117(25.4)
 College graduate or above 696(26.3) 632(27.4) 64(18.5)
BMI 0.015
 < 25 881(27.4) 794(28.6) 87(17.9)
 [25,30] 1230(35.8) 1032(35.5) 198(38.1)
 > 30 1288(36.8) 1076(35.9) 212(44.0)
Economic level (N, %) < 0.001
 < 1 477(7.6) 402(7.5) 75(8.6)
 1–3 1497(35.8) 1241(34.4) 256(46.4)
 > 3 1425(56.6) 1259(58.1) 166(45.1)
Marital status (N, %) 0.468
 Unmarried or other 1269(32.7) 1085(33.0) 184(30.9)
 Married or living with a partner 2130(67.3) 1817(67.0) 313(69.1)
Alcohol consumption (N, %) 0.003
 Yes 2268(69.6) 1968(70.7) 300(61.5)
 No 1131(30.4) 934(29.3) 197(38.5)
Smoking status (N, %) 0.155
 Never 1559(47.0) 1323(46.8) 236(48.1)
 Now 587(17.1) 499(16.7) 88(20.3)
 Former 1253(35.9) 1080(36.5) 173(31.5)
Hypertension (N, %) < 0.001
 Yes 2065(56.1) 1695(54.6) 370(67.6)
 No 1334(43.9) 1207(45.4) 127(32.4)
Diabetes (N, %) < 0.001
 Yes 789(17.7) 533(14.2) 256(56.6)
 No 2610(82.3) 2369(85.8) 241(43.4)
CHD (N, %) < 0.001
 Yes 254(6.7) 195(6.1) 59(11.7)
 No 3145(93.3) 2707(93.9) 438(88.3)
Angina (N, %) < 0.001
 Yes 166(4.3) 129(3.9) 37(7.2)
 No 3233(95.7) 2773(96.1) 460(92.8)
Stroke (N, %) < 0.001
 Yes 204(5.0) 143(4.2) 61(11.1)
 No 3195(95.0) 2759(95.8) 436(88.9)
FIB-4 [mean (SD)] 1.36(0.68) 1.34(0.64) 1.49(0.91) < 0.001
FIB-8 [mean (SD)] 1.29 (0.88) 1.23(0.81) 1.74(1.15) < 0.001
Abbreviations SD: Standard Deviation; CHD: Coronary heart disease
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This association persisted in participants with severe 
fibrosis when FIB-4 was the categorical variable (OR: 1.62 
[95% CI (1.01,2.59)]).

Then, we used the RCS to further examine the dose-
response correlation between FIB-4, FIB-8 and reti-
nal image changes (Fig.  2). The findings revealed a 
non-linear association between FIB-4 and retinal image 
changes, while the connection between FIB-8 and reti-
nal image changes exhibited a linear pattern. The results 
of smoothed curve fitting further confirmed this find-
ing (Fig.  3). The results of the threshold effect analy-
sis revealed the relationship between FIB-4 and retinal 
image changes in more detail. Table  3 showed that the 
inflection point of FIB-4 was 0.961. When FIB-4 was 
below 0.961, the odds of retinal image changes decreased 
by 80% for each unit increase in FIB-4. When FIB-4 was 
above 0.961, the risk of retinal image changes increased 
with each increase in FIB-4.

Subgroups analyses
Subgroup analyses examined the association of FIB-4 and 
FIB-8 with retinal image changes risk across various pop-
ulations. The results are shown in Fig.  4: This relation-
ship between FIB-4, FIB-8 and retinal image changes was 
stable in most populations. However, FIB-4 was signifi-
cant in the interaction test between variables stratified by 
education and economic level. No significant interaction 
was found between retinal image changes and the other 
stratification variables.

Disscussion
This exploratory study marks the initial investigation 
into the correlation between non-invasive fibrosis scores 
(FIB-4 and FIB-8) and retinal image changes. We found a 
positive association between FIB-4 and FIB-8 and retinal 
image changes after full adjustment for covariates, sug-
gesting that the risk of retinal image changes increases 
with increasing severity of liver fibrosis. Subgroups anal-
yses showed that this association was present in most 

Table 2 Weighted multivariate logistic regression analysis of FIB-4、FIB-8 and retinal image changes
Variables Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
 FIB-8 1.64(1.43, 1.88), < 0.001 1.53(1.33,1.76), < 0.001 1.17(1.03,1.34),0.025
 FIB-4 1.30(1.17,1.45), < 0.001 1.13(1.01,1.26),0.028 1.17(1.03,1.32),0.019
FIB-4 category analysis
< 1.3 ref ref ref
 1.3–2.67 1.19(0.93,1.54), 0.162 0.89(0.70,1.12),0.293 0.89(0.68,1.17),0.359
 ≧ 2.67 2.57(1.64,4.01), < 0.001 1.45(0.89,2.35),0.127 1.62(1.01,2.59),0.047
 < 1.45 ref ref ref
 1.45–3.25 1.32(1.02,1.72),0.035 0.99(0.77,1.28),0.945 1.01(0.72,1.42),0.952
 > 3.25 3.15(1.80,5.50), < 0.001 2.07(1.17,3.64),0.014 2.21(1.18,4.13),0.020
Model 1: unadjusted

Model 2: Model 1 + age, sex and ethnicity

Model 3: Model2 + educational level, marital status, BMI, economic level, smoking status, alcohol consumption, hypertension, CHD, diabetic, angina and stroke

Fig. 2 Dose-response association between FIB-4、FIB-8 and retinal image changes using restricted cubic splines. The adjustment factors include sex, 
age, ethnicity, educational level, marital status, economic level, alcohol consumption, smoking status, BMI, hypertension, diabetic, angina and stroke and 
coronary heart disease
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subgroups, but differed significantly in the educational 
and economic level subgroups. The RCS and smoothing 
curves indicated a non-linear correlation between FIB-4 
and retinal image changes, exhibiting an inflection at 
0.961. In contrast, there was a linear association between 
FIB-8 and retinal image changes.

There is a strong association between liver fibrosis and 
retinopathy. Previous research indicates that individu-
als with nonalcoholic fatty liver disease (NAFLD) face 
a heightened risk of retinopathy [22]. Li and Yang et al. 
found that retinopathy was a valuable predictor of sig-
nificant fibrosis, especially in diabetic patients [23, 24]. 
The link may be related to hepatic X receptors, which are 
involved in inflammation, glucose and lipid metabolism, 
as suggested by the study by Beaven SW et al. [25, 26] 
And these are thought to be common mechanisms con-
tributing to both retinal and liver disease [27–29].

We discovered that FIB-4 and FIB-8 correlated with 
a heightened risk of retinal image changes, especially 
among participants with advanced fibrosis. Consistent 
with our findings, a meta-analysis conducted by Zhang 
et al. revealed a positive correlation between liver fibro-
sis and retinopathy, suggesting that the existence of reti-
nopathy could indicate the extent of liver fibrosis [30]. 
Mikolasevic et al. also suggested that patients with severe 
fibrosis were more likely to develop retinopathy [8]. 

Lusia et al. found that liver fibrosis was associated with 
retinal neurodegeneration in their cross-sectional study 
[31]. The available evidence suggests that the mechanism 
of action between the two may be related to inflamma-
tion, metabolic disorders and accumulation of toxic 
substances. During the progression of liver fibrosis, hepa-
tocytes (Kupffer cells and stellate cells) release substan-
tial quantities of inflammatory mediators such as IL-6 
and TNF-a, along with pro-fibrotic agents like TGF-b 
into the blood circulation, inducing chronic inflamma-
tory responses in the retina [28, 32]. Secondly, patients 
with severe fibrosis are often associated with NAFLD and 
insulin resistance [33–35], leading to metabolic distur-
bances in retinal cells, resulting in retinal capillary dys-
function and basement membrane thickening. Finally, the 
liver, as the body’s detoxification organ, cannot remove 
toxic metabolites (ammonia and bilirubin) from the body 
in a timely manner when liver function is impaired [36, 
37]. These substances reach the retina through the blood-
stream, causing damage to the retinal endothelial cells 
and leading to the development of retinopathy.

However, in contrast to our findings, a prospective 
study by Niloofar et al. found no association between 
FIB-4 and retinopathy [38], and Lin et al. found no asso-
ciation between NAFLD and retinopathy [39]. The varia-
tion in these study results may be linked to the baseline 
characteristics of the populations included and the incon-
sistency of the adjusted covariates. Deravi et al. study 
included the Iranian type 2 diabetes cohort, whereas our 
study included a representative US population over the 
age of 50. Secondly, the covariates considered were dif-
ferent due to the different aims of the studies. The aim 
of our study was to investigate the relationship between 
FIB4 and retinal image changes. Niloofar and Lin et al. 
investigated the relationship between FIB4, NFALD 
and retinopathy in a diabetic population. They included 
variables such as duration of diabetes, triglycerides, 

Table 3 Threshold effect analysis of the association of FIB-4 with 
retinal image changes
FIB-4 Adjust OR (95%CI) P-value
< 0.961 0.20 (0.06,0.69) 0.011
≥ 0.961 1.18(1.03,1.35) 0.016
Log-likelihood ratio test 0.008 0.008
The threshold effect analysis was adjusted for age; sex; ethnicity; educational 
level; marital status; BMI; economic level; smoking status; alcohol consumption; 
hypertension; CHD; diabetic; angina and stroke

Abbreviations BMI body mass index; OR: odds ratio; CI: confidence interval. 
CHD: Coronary heart disease

Fig. 3 The smooth curve fitting for the associations between FIB-4、FIB-8 and retinal image changes. Model was adjusted for covariates (sex, age, ethnic-
ity, educational level, marital status, economic level, alcohol consumption, smoking status, BMI, hypertension, diabetic, angina and stroke and coronary 
heart disease)
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high-density cholesterol and did not adjust for variables 
such as lifestyle and comorbidities.

FIB-4 and FIB-8, as simple non-invasive screening indi-
cators, can help clinicians to identify patients at high risk 
of retinopathy early and to conduct regular eye examina-
tions for early detection and intervention of retinopathy 
to reduce the risk of blindness.

Our research has certain advantages. Firstly, we took 
advantage of the large representative sample in NHANES 
and adjusted for confounding variables to improve the 
reliability of our results. To our knowledge, this is the first 
study using the NHANES database to reveal the asso-
ciation between FIB-4/FIB-8 and retinal image change. 
Some limitations must be admitted: firstly, the cross-sec-
tional design restricted our ability to establish the causal 
links between FIB-4, FIB-8, and retinopathy, and more 
longitudinal studies need to be designed to investigate 
this relationship in the future. Secondly, the diagnosis of 
liver fibrosis was based on non-invasive indicators, and 
transient elastography, which is commonly used in clini-
cal practice, was not used. Thirdly, although we adjusted 
for many confounding factors that could have affected 

the results, there is no guarantee that other unmeasured 
factors did not affect the results. Finally, our study vari-
ables relied on an extensive self-reported questionnaire, 
which may introduce recall bias and subjective error.

Conclusion
The liver fibrosis indices FIB-4 and FIB-8 were positively 
associated with retinal image changes in older people 
aged 50 years and over. And this association was more 
significant in participants with higher FIB-4. Our results 
suggest that FIB-4 and FIB-8 may be good predictors 
of the risk of developing retinopathy. The combination 
of these non-invasive indicators by clinicians to assess 
the risk of developing retinopathy in their patients has 
important clinical implications for the early diagnosis 
and treatment of retinopathy.

Abbreviations
BMI  Body mass index
OR  Odds ratio
CI  Confidence interval
CHD  Coronary heart disease

Fig. 4 Subgroup analysis for the relationship of FIB-4、FIB-8 with retinal image changes. Each stratification was adjusted for sex, age, ethnicity, edu-
cational level, marital status, economic level, alcohol consumption, smoking status, BMI, hypertension, diabetic, angina and stroke and coronary heart 
disease
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