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This study aimed to explore the relationship between biochemical profiles and the risk of age-related 
macular degeneration (AMD) through a cross-sectional observational analysis. We examined data of 
U. S. population from the 2005–2008 National Health and Nutrition Examination Survey (NHANES) 
database. Student’s t-test, multivariable logistic regression, Pearson’s correlation, restricted cubic 
spline (RCS) model, and linear regression were applied to analyze the underlying relationship between 
biochemical profiles and the AMD risk, through comparing data between the non-AMD and AMD 
subgroups. Multivariable logistic regression, adjusted for age and demographic factors, showed no 
significant associations between the AMD risk and the levets of specific biochemical parameters 
(P > 0.05). Pearson’s correlation revealed a positive linear relationship between age and total bilirubin, 
uric acid in the non-AMD subgroup (P < 0.05), but no such liner association was found in the AMD 
subgroup (P > 0.05). The RCS model confirmed no non-linear relationships presented between these 
variables in the AMD subgroup. In addition, without age adjustment, significant associations were 
found between total bilirubin, uric acid, and the AMD presence (P < 0.05). Biochemical profiles, after 
adjusting for age, did not significantly influence the AMD risk. However, total bilirubin and uric acid 
might potentially be related to the AMD presence. Our findings suggest a need for further research to 
clarify the role of these biomarkers in AMD development.
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Age-related macular degeneration (AMD) is a leading cause of vision loss in elderly individuals. It primarily 
affects the macula, the central portion of the retina responsible for sharp, central vision. The risk of developing 
AMD increases with age, of which the prevalence notably rising after the age of 501. AMD is a complex condition 
influenced by both genetic and environmental factors. One of the key challenges in treating AMD lies in its 
multifactorial pathophysiology and the lack of effective targeted therapies. While anti-vascular endothelial 
growth factor (anti-VEGF) agents have revolutionized the management of neovascular AMD, their efficacy 
varies among patients, and long-term treatment can be burdensome and costly. Moreover, treatment resistance 
of anti-VEGF and the need for frequent intravitreal injections pose significant challenges in clinical practice2. 
Innovative therapeutic strategies, such as gene therapy, stem cell therapy, and neuroprotection, hold promise for 
addressing of AMD and improving treatment outcomes3. However, translating these approaches from preclinical 
studies to clinical practice remains a formidable obstacle. Continued research efforts aimed at unraveling the 
complexities of AMD pathogenesis are crucial for addressing this growing public health concern.

Several studies suggest that dysregulation of lipid metabolism, or biochemical markers in the blood may 
contribute to AMD development and progression4. For example, elevated levels of certain lipids, such as low-
density lipoprotein (LDL) cholesterol and triglycerides, have been associated with an increased risk of AMD5. 
Furthermore, chronic inflammation, characterized by elevated levels of inflammatory cytokines and C-reactive 
protein (CRP) in the blood, has been implicated in AMD pathophysiology6. Other biochemical markers, such 
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as homocysteine, have also been studied in relation to the AMD risk7. In addition, elevated homocysteine levels, 
for instance, were argued to be associated with increased oxidative stress and endothelial dysfunction, which 
could contribute to AMD development. While these biochemical markers in blood showed some associations 
with AMD, their detailed causal relationship and predictive value in clinical practice remain unclear, calling for 
ongoing research8.

Hence, our study aimed to investigate the detailed relationship between biochemistry profiles and the risk 
of AMD, focusing on examining whether biochemistry profiles influenced the presence of AMD. By analyzing 
the relevant data on the biochemistry profiles of the U.S. population from the National Health and Nutrition 
Examination Survey (NHANES) database spanning from 2005 to 2008, where the data on AMD were available, 
we conducted a population-based analysis study to provide a reference dataset for related researches and to 
further explore the underlying relationship between biochemistry profiles and the risk of AMD.

Research design and methods
Study participants
NHANES, a comprehensive study conducted by the National Center of Health Statistics of the Centers for 
Disease Control and Prevention, serves as a representative survey of the non-institutionalized population in the 
United States. The NHANES study protocols obtained approval from the Institutional Review Board. For access 
to the dataset and additional information, please visit https:​​​//w​ww.​cdc​.gov​/nchs/​nhane​s/abou​t_nh​anes.htm9.

In order to analyze the AMD data, we focused our attention on participants involved in the NHANES survey 
campaigns from 2005 to 2008 (n = 20497), during which time the relevant epidemiological data and biochemical 
indicators related to AMD became available. After excluding participants who lacked data on retinal imaging 
grading data on AMD, we were left with a total of 5604 participants. Subsequently, 548 participants who had 
incomplete or missing information on demographics data were eliminated. Furthermore, 225 individuals lacking 
information on biochemistry profiles were also removed from the dataset, leaving us with 4831 participants with 
complete and required data for final analysis. Among them, 4458 participants were defined as having no AMD 
and 373 as AMD. The entire process of data integration was illustrated in Fig. 1. In the NHANES surveys, all 
participants were asked to provide written informed consent before being enrolled.

Definition of AMD severity
Retinal photographs of the final sample were collected. The assessment of the retinal photographs has been 
completed and provided on the NHANES website10. The diagnosis and classification of AMD was conducted by 
at least two experienced experts following a strict procedure. The definition of AMD was defined as the presence 
of drusen and/or pigmentary abnormalities, exudative or geographic atrophy signs in any eye.

Definition of biochemistry profiles
In our study, the detailed biochemistry profiles from NHANSE included albumin (g/L), alanine aminotransferase 
(ALT) (U/L), asparate aminotransferase (AST) (U/L), alkaline phosphotase (U/L), blood urea nitrogen 
(mmol/L), total calcium (mmol/L), cholesterol (mmol/L), bicarbonate (mmol/L), creatinine (µmol/L), gamma 
glutamyl transferase (U/L), serum glucose (mmol/L), refigerated iron, (umol/L), lactate dehydrogenase (U/L), 
phosphorus (mmol/L), total bilirubin (umol/L), total protein (g/L), triglycerides (mmol/L), uric acid (umol/L), 
sodium (mmol/L), potassium (mmol/L), chloride (mmol/L), and globulin (g/dL). The analyses of all the above 
biochemistry profiles were performed with a Beckman Synchron LX20. Specimens were processed, stored and 
shipped to Collaborative Laboratory Services in Ottumwa, Iowa. Detailed specimen collection and processing 
instructions were discussed in the NHANES Laboratory/Medical Technologists Procedures Manual (LPM). The 
analytical methods were described in the Description of the Laboratory Methodology section of NHANES11.

Definitions of covariates
From the demographic information of NHANSE, we selected covariates including age, gender, race/ethnicity 
(Mexican American, other Hispanic, non-Hispanic White, non-Hispanic Black, and other race), education level 
(less than 9th grade, 9th–11th grade, high school, college, and graduate), body mass index (BMI, calculated 
as weight in kilograms divided by height in meters squared), hypertension (an average systolic blood pressure 
above 140 mmHg/ diastolic blood pressure above 90 mmHg or self-reported as taking antihypertensive 
medication), income (family income-to-poverty ratio), smoking status (having smoked at least 100 cigarettes 
during their lifetime or not), alcohol use (having consumed at least 12 alcoholic drinks per year or not), and 
drinking habits9. All of the above covariates were carefully selected and accounted for in order to evaluate our 
targeted associations.

Statistical analysis
For analysis of all the data in our study, continuous variables were expressed as means ± standard deviations 
(SD). Meanwhile, categorical variables were summarized as the counts or percentages (%). Comparisons of the 
data between the non-AMD and AMD groups were performed using either the student’s t-test for continuous 
variables or the chi-square test for categorical variables. Furthermore, the multivariable logistic regression 
analysis was employed to evaluate the strength of association between the biochemistry profiles and the AMD 
status. In greater details, three models were evaluated for the adjusted odd ratios (OR) and their 95% confidence 
intervals (CIs) using multivariable logistic regression. Model 1 was unadjusted for any factors, while Model 2 
was adjusted for race, BMI, family income-to-poverty ratio, and hypertension. Model 3 included additional 
adjustments for age, race, BMI, family income-to-poverty ratio, and hypertension. In the subgroup analysis, 
Pearson’s correlation analysis and linear regression were conducted to explore the associations between age and 
the specific parameters from biochemistry profiles in subgroups of both the AMD and non-AMD participants, 
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respectively. In addition, the restricted cubic spline (RCS) model was further applied to explore the potential 
non-linear associations. All statistical analysis was conducted using the R software (version 4.4.2, R Foundation 
for Statistical Computing Austria, https://www.r-project.org/). A two-sided P value less than 0.05 was considered 
statistically significant.

Fig. 1.  Flow diagram for the selection of eligible participants included in the analysis of the association 
between biochemistry profiles and the risk of age-related macular degeneration (AMD) (NHANES: national 
health and nutrition examination survey, US, 2005–2008). AMD: age-related macular degeneration.
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Results
Baseline demographics and characteristics of AMD and non-AMD participants
The demographic and individual characteristics of the study population were analyzed and summarized in 
Table 1. A total of 4831 participants were included in the final analysis, with 373 having AMD and 4458 without 
AMD. The average age was 70.3 ± 11.2 years for the AMD group and it was 58.3 ± 12.0 years for the non-AMD 
group. In the AMD group, 51.7% were male and 48.3% were female, while in the non-DM group, 50.3% were 
male and 49.7% were female. Non-Hispanic whites made up the largest proportion in both the AMD and non-
AMD groups, accounting for 71.3% and 53.9%, respectively. The most common education level was High school 
in the AMD group with a distribution of 29.2%, whereas it was Some college or AA degree with a distribution 
of 25.9% in the non-AMD group. The family income-to-poverty ratio was 1.95 ± 1.33 for the AMD group and 
2.22 ± 1.53 for the non-DM group. The average BMI was 28.4 ± 5.68 in the AMD group and 29.3 ± 6.51 in the 
non-AMD group. The percentages of hypertension, smoking and alcohol drinking were 55.5%, 55.0%, and 
65.1% in the AMD group, respectively, while the corresponding figures were 44.4%, 52.6%, and 69.0% in the 
non-AMD group.

Significant differences were observed in terms of age (P < 0.001), race (P < 0.001), family income-to-
poverty ratio (P < 0.001), BMI level (P = 0.006) and hypertension (P = 0.001) between the AMD and non-DM 
participants. Meanwhile, no significant differences were found in the other variables mentioned above between 
the two groups.

Associations between the biochemistry profiles and AMD status
By comparison and analysis, our results showed that the levels of albumin, blood urea nitrogen, creatinine, 
lactate dehydrogenase, total bilirubin, triglycerides, uric acid and potassium were significantly different 
between the non-AMD and AMD participants, with all the P values less than 0.05. The levels of albumin and 
triglycerides were lower in AMD group compared to those of non-AMD (AMD vs. non-AMD: 41.4 ± 3.17 g/L 
vs. 41.9 ± 3.10  g/L for albumin; 1.76 ± 1.01 mmol/L vs. 1.88 ± 1.39 mmol/L for triglycerides), while the other 
of the above mentioned variables were higher in AMD group. No significantly differences between the non-
AMD and AMD groups were found in the other variables listed above, such as alanine aminotransferase (ALT), 
asparate aminotransferase (AST), alkaline phosphotase, total calcium, cholesterol, bicarbonat, gamma glutamyl 
transferase, serum glucose, refigerated iron, phosphorus, total protein, sodium, chloride, and globulin (all 
P > 0.05). (Table 2)

To evaluate the association between the specific parameters from biochemistry profiles to the presence 
of the AMD, a multivariate logistics regression with three adjusted models was implemented as stated in the 
methods. The analysis with Model1 revealed statistically significant differences in the odds ratios (OR) with 95% 
confidence intervals (CI) for AMD presence across the following parameters: albumin, blood urea nitrogen, 
creatinine, lactate dehydrogenase, total bilirubin, uric acid, and potassium (all P < 0.05). In the analysis of Model 
2, which was adjusted for potential confounding variables including race, BMI, family income-to-poverty ratio, 

non-AMD (N = 4458) AMD (n = 373) P value

Age (years) 58.3 (12.0) 70.3 (11.2) < 0.001**

Gender [n (%)]

Male 2242 (50.3%) 193 (51.7%) 0.628

Female 2216 (49.7%) 180 (48.3%)

Race/ethnicity [n (%)] < 0.001**

Mexican American 696 (15.6%) 45 (12.1%)

Other Hispanic 305 (6.8%) 17 (4.6%)

Non-Hispanic White 2402(53.9%) 266 (71.3%)

Non-Hispanic Black 911 (20.4%) 34 (9.1%)

Non-Hispanic Asian 144 (3.2%) 11 (2.9%)

Education [n (%)] 0.081

Less than 9th grade 578 (13.0%) 56 (15.0%)

9-11th grade 679 (15.2%) 45 (12.1%)

High school 1085 (24.3%) 109 (29.2%)

Some college or AA degree 1155 (25.9%) 94 (25.2%)

College graduate or above 961 (21.6%) 69 (18.5%)

Family Income-to-Poverty Ratio 2.82 (1.63) 2.51 (1.48) < 0.001**

BMI (kg/m2) 29.3 (6.51) 28.4 (5.68) 0.006**

Hypertension [n (%)] 1980 (44.4%) 207 (55.5%) 0.001**

Smoking [n (%)] 2347 (52.6%) 205 (55.0%) 0.420

Alcohol [n (%)] 3075 (69.0%) 243 (65.1%) 0.141

Table 1.  Demographic and individual characteristics of the study population according to the presence 
of AMD status (N = 4831) in NHANES (2005 − 2008 ). Note: **P < 0.01; AMD: age-related macular 
degeneration; NHANES: national health and nutrition examination survey.
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and hypertension, statistically significant differences in the OR with 95% CI were found for albumin, blood urea 
nitrogen, creatinine, lactate dehydrogenase, total bilirubin, triglycerides, uric acid, and potassium (all P < 0.05). 
By adding the confounding variable of age in Model 3, no statistical differences were found in the OR with 95% 
CI between the above variables and the presence of AMD (all P < 0.05). (Table 3)

Correlations between age and the specific parameters from biochemistry profiles in 
subgroup analysis for AMD and non-AMD participants
The results of Pearson’s correlation analysis revealed a positive association between age and the level of total 
bilirubin in individuals from the non-AMD subgroup, with a Pearson’s correlation coefficient (r) value of 0.095 
and a P value less than 0.001. Besides, a positive association between age and the level of uric acid in the non-
AMD subgroup was found with a r value of 0.149 and a P value less than 0.001. However, no such significant 
correlation was found between age and the level of total bilirubin (r = 0.081, P = 0.120), or between age and the 
level of uric acid (r = 0.063, P = 0.057) in the AMD subgroup (Table 4). Significant correlations between age and 
the levels of albumin, blood urea nitrogen, creatinine, lactate dehydrogenase, triglycerides, and potassium were 
found in both the AMD and non-AMD subgroups (all P < 0.05) (data shown in the supplementary materials).

Furthermore, the linear regression analysis revealed a linear relationship between age and the level of total 
bilirubin, and between age and the level of uric acid in the non-AMD subgroup, while no such linear relationship 
was observed in the AMD subgroup (Fig.  2). Additionally, the P values for nonlinearity obtained from the 
restricted cubic spline (RCS) analysis were 0.079 and 0.820 for the relationships between age and the level of total 
bilirubin, and between age and the level of uric acid in the AMD subgroup, respectively, indicating no evidence 
of a nonlinear correlation in these relationships. (Table 5; Fig. 3).

Discussion
To the best of our knowledge, our study represented the detailed attempt to investigate the relationship between 
biochemistry profiles and risk of age-related macular degeneration (AMD) in a large population, as well as 
the association between age and total bilirubin or uric acid in AMD population. Our findings indicated that 
the status of biochemistry profiles did not significantly affect the risk of AMD after confounding the factor 
of age. However, there were no direct correlations between age and total bilirubin, or uric acid in AMD 
populations, while other parameters from biochemistry profiles were related to age. Total bilirubin or uric acid 
was significantly associated with the AMD risk without adjustment for age, indicating as a possible underlying 
affecting role factor for AMD, in addition to age.

Firstly, we conducted a conventional comparative analysis of the demographic characteristics between 
individuals from the non-AMD group and the AMD group to identify significant differences in demographic 
factors. Preliminary comparisons revealed notable differences between the AMD and non-AMD groups in 

Biochemistry profiles non-AMD (N = 4458) AMD (n = 373) P value

Albumin (g/L) 41.9 (3.10) 41.4 (3.17) 0.009**

Alanine aminotransferase (ALT) (U/L) 25.7 (19.8) 24.3 (24.4) 0.273

Asparate aminotransferase (AST) (U/L) 26.5 (14.5) 27.3 (19.5) 0.423

Alkaline phosphotase (U/L) 72.6 (25.0) 75.1 (29.8) 0.111

Blood urea nitrogen (mmol/L) 4.95 (2.15) 5.75 (2.40) < 0.001**

Total calcium (mmol/L) 2.36 (0.0953) 2.36 (0.0957) 0.779

Cholesterol (mmol/L) 0.26 (1.10) 5.22 (1.06) 0.443

Bicarbonate (mmol/L) 25.0 (2.29) 25.2 (2.29) 0.053

Creatinine (µmol/L) 83.6 (40.4) 89.6 (33.9) 0.001**

Gamma glutamyl transferase (U/L) 33.7 (52.2) 32.6 (50.2) 0.702

Glucose, serum (mmol/L) 5.89 (2.26) 5.84 (1.78) 0.55

Refigerated iron (umol/L) 15.3 (6.32) 15.3 (6.02) 0.956

Lactate dehydrogenase LDH (U/L) 135 (27.1) 142 (33.3) < 0.001**

Phosphorus (mmol/L) 1.21 (0.181) 1.20 (0.162) 0.581

Total bilirubin (umol/L) 12.8 (5.05) 13.8 (5.24) 0.001**

Total protein (g/L) 71.3 (4.77) 71.0 (4.76) 0.195

Triglycerides (mmol/L) 1.88 (1.39) 1.76 (1.01) 0.036*

Uric acid (umol/L) 331 (84.6) 343 (90.1) 0.019*

Sodium (mmol/L) 139 (2.49) 139 (2.40) 0.188

Potassium (mmol/L) 4.00 (0.348) 4.06 (0.398) 0.002**

Chloride (mmol/L) 104 (2.99) 103 (3.05) 0.098

Globulin (g/dL) 29.4 (4.78) 29.5 (4.47) 0.617

Table 2.  Characteristics of biochemistry profiles in the study population according to the age-related macular 
degeneration (AMD) status (N = 4831) in NHANES (2005 to 2008). Note: *P < 0.05; **P < 0.01; AMD: age-
related macular degeneration; NHANES: national health and nutrition examination survey.
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terms of age, race, BMI, family income-to-poverty ratio, and hypertension. Specially, we observed the significant 
difference in age between the two subgroups, which was significantly higher in the AMD individuals. This 
indirectly validated the reliability of the survey data used in our study and indicated a relatively good response 
credibility, as AMD has been well-known to be associated with the factor of age12–14. Other studies have also 
shown similar age differences when grouping individuals with AMD based on survey questionnaires15–17.

Furthermore, we conducted a comparative analysis of data on biochemistry profiles in both AMD and 
non-AMD groups. The results revealed differences in albumin, blood urea nitrogen, creatinine, lactate 
dehydrogenase, total bilirubin, triglycerides, uric acid, and potassium levels between the two groups. After that, 

Indicators

Total bilirubin (umol/L) Uric acid (umol/L)

Non-AMD AMD Non-AMD AMD

r P r P r P r P

Age 0.095 < 0.001** 0.081 0.120 0.149 < 0.001** 0.063 0.057

Table 4.  Pearson’s correlation analysis between age and the specific parameters from biochemistry profiles in 
subgroup analysis for AMD and non-AMD participants in NHANES (2005 to 2008). Note: **P < 0.01; AMD: 
age-related macular degeneration; NHANES: national health and nutrition examination survey.

 

Indicators OR (95% CI) P value

Albumin (g/L)

Model 1 0.956 (0.924, 0.988) 0.008**

Model 2 0.937 (0.905, 0.971) < 0.001**

Model 3 0.967 (0.932, 1.003) 0.079

Blood urea nitrogen (mmol/L)

Model 1 1.132 (1.089, 1.176) < 0.001**

Model 2 1.100 (1.056, 1.144) < 0.001**

Model 3 0.983 (0.934, 1.032) 0.496

Creatinine (µmol/L)

Model 1 1.002 (1.001, 1.004) 0.018*

Model 2 1.002 (1.000, 1.004) 0.017*

Model 3 1.000 (0.996, 1.002) 0.910

Lactate dehydrogenase LDH (U/L)

Model 1 1.008 (1.005, 1.012) < 0.001**

Model 2 1.009 (1.005, 1.012) < 0.001**

Model 3 1.004 (0.999, 1.007) 0.055

Total bilirubin (umol/L)

Model 1 1.032 (1.013, 1.051) < 0.001**

Model 2 1.027 (1.007, 1.047) 0.007**

Model 3 1.011 (0.989, 1.032) 0.310

Triglycerides (mmol/L)

Model 1 0.930 (0.849, 1.012) 0.107

Model 2 0.889 (0.805, 0.974) 0.016*

Model 3 0.909 (0.817, 1.003) 0.069

Uric acid (umol/L)

Model 1 1.002 (1.000, 1.003) 0.013*

Model 2 1.002 (1.000, 1.003) 0.018*

Model 3 1.000 (0.999, 1.002) 0.574

Potassium (mmol/L)

Model 1 1.675 (1.249, 2.241) < 0.001**

Model 2 1.414 (1.053, 1.896) 0.021*

Model 3 0.963 (0.714, 1.296) 0.804

Table 3.  Multivariable logistics regression analysis of contributions of the specific parameters from 
biochemistry profiles to the presence of the age-related macular degeneration (AMD) in the study population 
(N = 4831) in NHANES (2005 to 2008). Note: *P < 0.05; **P < 0.01; AMD: age-related macular degeneration; 
NHANES: national health and nutrition examination survey; Model 1: unadjusted model; Model 2: adjusted 
for race, BMI, family income-to-poverty ratio, and hypertension; Model3: adjusted for age, race, BMI,family 
income-to-poverty ratio, and hypertension; OR: odd ratio; CI: confidence intervals.
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a multiple regression analysis was conducted to explore the association between differing indicators from the 
biochemistry profiles and the AMD risk with adjustment for demographic and epidemiological variables. In 
details, we employed three corresponding adjusting models for calibration regression. There were significant 
differences in the relationship between the differing indicators from the biochemistry profiles and the presence 
of AMD, both with and without adjustment for demographic factors such as race, BMI, family income-to-
poverty ratio, and hypertension. However, after including age as a demographic variable in the regression 
analysis, our results indicated that there was no direct association between albumin, blood urea nitrogen, 
creatinine, lactate dehydrogenase, total bilirubin, triglycerides, or potassium levels and the risk of AMD. In 
order to further explore the underlying potential associations, the linear Pearson regression analysis was applied 
to delve into the correlation between respective pairs of the continuous variables from biochemistry profiles 

Indicators

Total bilirubin (umol/L) Uric acid (umol/L)

Non-AMD AMD Non-AMD AMD

χ2 P χ2 P χ2 P χ2 P

Age 6.980 0.031* 5.090 0.079 10.160 0.006** 0.400 0.820

Table 5.  The restricted cubic spline (RCS) analysis between age and the specific parameters from biochemistry 
profiles in subgroup analysis for AMD and non-AMD participants in NHANES (2005 to 2008). Note: P: the 
P value for the nonlinear analysis; *P < 0.05; **P < 0.01; AMD: age-related macular degeneration; NHANES: 
national health and nutrition examination survey.

 

Fig. 2.  The linear regression analysis of associations between age and the specific parameters from 
biochemistry profiles in subgroup analysis for AMD and non-AMD participants. A: the plot and the linear 
association between age and total bilirubin in the non-AMD group; B: the plot and the linear association 
between age and total bilirubin in the AMD group; C: the plot of the association between age and uric acid 
in the non-AMD group; D: the plot and the linear association between age and uric acid in the AMD group. 
AMD: age-related macular degeneration; the red line: indicating the presence of a statistically significant linear 
relationship.

 

Scientific Reports |         (2025) 15:8588 7| https://doi.org/10.1038/s41598-025-89121-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


within subgroups of AMD and non-AMD, respectively. The results revealed significant correlations between age 
and the levels of albumin, blood urea nitrogen, creatinine, lactate dehydrogenase, triglycerides, and potassium in 
the AMD subgroup, with similar correlations observed in the non-AMD subgroup. Interestingly, no significant 
correlation was found between age and the levels of total bilirubin or uric acid in the AMD group. In contrast, 
a positive association was observed between age and the levels of total bilirubin or uric acid in individuals from 
the non-AMD group. In addition, we addressed the potential nonlinearity in the aforementioned associations 
by applying the RCS model18. The utility of RCS has been demonstrated in earlier studies19, which investigated 
the relationship between aldehyde exposure and the risk of cardiovascular disease, and revealed a nonlinearity 
relationship. Our results from the RCS model confirmed that no non-linear associations existed between age and 
the levels of total bilirubin or uric acid in the AMD group. The RCS plot results supported the findings from the 
Pearson’s correlation and linear regression analyses, indicating no linear or nonlinear associations between age 
and the levels of total bilirubin or uric acid in the AMD subgroup.

Total bilirubin is a vital biomarker that reflects various physiological processes within the body20. It is a 
yellowish pigment formed during the breakdown of heme, a component of hemoglobin found in red blood cells. 
It is mainly produced in the liver through the metabolism of heme and plays several vital roles in the body. One 
of its key roles is in the excretion of waste products. After production in the liver, bilirubin is conjugated with 
glucuronic acid, making it water-soluble and enabling its excretion into bile21. From there, bilirubin is eliminated 
from the body through feces, leaving a characteristic brown color. Therefore, total bilirubin levels usually serve 
as an indicator of liver function and the body’s capacity to metabolize and eliminate waste products.While 
elevated levels of total bilirubin can indicate liver dysfunction or impaired bile flow, physiological levels are 
typically considered normal and may even confer certain health benefits, such as a reduced risk of cardiovascular 
disease and a protection against oxidative stress-related damage22,23. Our results indicated that age was not 
associated with total bilirubin levels in AMD participants, while total bilirubin was revealed to be associated 
with the presence of AMD without age adjustment.. The underlying reason for this association might be linked 
to the reduced liver function and increased oxidative stress damage related to totle bilirubin. These factors could 
potentially lead to dyfunction of the retina, particularly the retinal pigment epithelium (RPE) during AMD.

Uric acid is a metabolic waste product formed from the breakdown of purines, which are compounds found 
in many foods and also produced insides the body24. While it is primarily known for its role in gout, uric acid 
also serves several physiological functions in the body. For example, uric acid might play a role in regulating 
blood pressure. Research suggests that elevated uric acid levels may impair endothelial function and contribute 
to the development of hypertension25,26. Conversely, some evidence indicates that uric acid may also have 
vasodilatory effects under certain conditions, potentially influencing blood pressure regulation26. While uric 
acid has beneficial effects in moderate levels, elevated levels can lead to health problems such as gout, kidney 
stones, and cardiovascular disease27.   Since age was not associated with uric acid levels in the AMD population, 
our data revealed that uric acid was potentially linked to the presence of AMD without age adjustment. The 
underlying reason might be related to the role of uric acid in blood pressure regulation, which could affect the 
status of choroidal vessels beneath RPE and contribute to the neovascularization observed in AMD.

Fig. 3.  The restricted cubic spline (RCS) analysis of association between age and the specific parameters 
from biochemistry profiles in subgroup analysis for AMD and non-AMD participants. A: The plot and the 
RCS association between age and total bilirubin in the non-AMD group; B: the plot and the RCS association 
between age and total bilirubin in the AMD group; C: the plot of the RCS association between age and uric 
acid in the non-AMD group; D: the plot and the RCS association between age and uric acid in the AMD group. 
AMD: age-related macular degeneration.
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AMD is a complex, multifactorial disease, influenced by both genetic and physicochemicalfactors within the 
body. In AMD patients, distinct underlying mechanisms might affect the biochemical metabolism, potentially 
leading to different biochemical correlations compared to the non-AMD population. For example, inflammatory 
pathways, oxidative stress, and retinal vascular changes in AMD might alter how these biochemical markers 
interact with age and other variables, like total bilirubin and uric acid.  In the non-AMD population, these 
markers may reflect the typical age-related physiological changes; However, among AMD patients, their levels 
could be influenced by the retinal inflammation, ischemia, or oxidative stress, potentially disrupting the usual 
age-related trends. Further exploration in this area is needed to confirm the above associations and investigate 
the possible mechanisms. In our future research, we plan to use animal models to replicate the condition and 
assess these two indicators, total bilirubin and uric acid, at different stages of the AMD model to further validate 
the conclusions of this study. Additionally, based on our clinical work, we would investigate and compare the 
relationship between these two indicators and AMD progression among patients, which could provide further 
support for our findings.

There were certain limitations in our study. Firstly, it was a cross-sectional study, and the results only 
provided a snapshot of biochemical profiles at a specific time point. The impact of biochemical profiles on the 
risk of AMD may have cumulative effects, highlighting the need for long-term follow-up studies to observe their 
prolonged impact. Secondly, our study did not explore the underlying mechanisms or conduct further analysis 
on other biochemical indicators related to AMD. Additionally, although we adjusted for several covariates in 
our model, these adjustments might not have been sufficient. For example, genetic factors, which could also 
influence biochemical profiles, were not available in the NHANES database. Lastly, the data used in this study 
were restricted to the period only from 2005 to 2008. It would be important to incorporate more recent databases 
to validate our findings in the future.

Altogether, our results revealed that biochemistry profiles did not significantly affect the risk of AMD after 
adjustment for age. However, total bilirubin and uric acid, which were not in correlations with age in AMD 
population, might somewhat potentially be related to the presence of AMD. In this context, the innovation and 
significance of our research suggest that, beyond age-related factors, these two biochemical indicators might 
play a potential role during AMD. Future longitudinal research is needed to confirm the above relationship and 
deepen our understanding of the underlying mechanisms.

Data availability
Publicly available datasets were analyzed in our study (https://www.cdc.gov/nchs/nhanes/index.htm).
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