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Background: The relationship between the albumin-to-globulin ratio (AGR)
and depression is not well understood. This analysis aims to investigate the
relationship between AGR in conjunction with depression in U.S. adults.

Methods: This study analyzed information from 31,363 individuals collected
by NHANES during the years 2005 to 2018. The PHQ-9 scale was employed
to gauge depression, where a score of 10 or above signified depression.
Weighted multivariable logistic modeling along with smooth curve fitting were
applied to explore the AGR-depression connection. To confirm our findings,
we carried out sensitivity analyses, subgroup analyses, and interaction tests.

Results: After adjusting for confounding variables, a higher AGR is associated
with a lower risk of depression (OR=0.61, 95% Cl: 0.47-0.79). Dividing AGR
into quartiles revealed that participants in the highest quartile (Q4) of AGR
had a markedly lower risk of depression than those in the lowest quartile (Q1)
(OR=0.64, 95% Cl: 0.53-0.77). Using smooth curve fitting, we suggested a
possible linear inverse association connecting AGR with depression. Further
subgroup and sensitivity analyses supported these findings, although factors
such as diabetes and hypertension might influence the relationship.

Conclusion: Our findings indicate that elevated AGR levels correlate
with a lower risk of depression. The findings suggest AGR as a potential
biomarker for depression screening and prevention. Further studies are
required to determine causality and clarify the mechanisms between AGR
and depression.

KEYWORDS

National Health and Nutrition Examination Survey, depression, albumin-globulin ratio,
chronic inflammation, adults

1 Introduction

Depression is a significant mental health issue that impacts approximately 350 million
individuals around the globe, according to the World Health Organization (WHO) (1). It is
expected to become the top cause of global disease burden by 2030 (2). Over 20% of individuals
worldwide will experience depression at least once in their lifetime (3).
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The disorder is characterized by persistently low mood, changes
in cognitive function, and diminished interest in daily activities (4).
Despite various treatment options, pharmacotherapy is the primary
choice due to its convenience and relative safety (5). Nevertheless,
common antidepressants, such as selective serotonin reuptake
inhibitors (SSRIs) and tricyclic antidepressants (TCAs), can lead to
weight gain, insomnia, and sexual dysfunction, which affect patients’
quality of life and their adherence to treatment. This situation makes
it particularly important to find new biomarkers and therapeutic
targets in the prevention and treatment of depression.

In recent years, researchers have paid increasing attention to the
role of inflammation and nutritional status in the pathogenesis of
depression. Albumin, the major plasma protein produced by the liver,
is crucial for regulating osmotic pressure and transporting various
substances, including hormones, drugs, and fatty acids. Albumin also
reflects nutritional status and inflammatory responses (6). Moreover,
globulins, which are involved in immune and inflammatory processes,
increase during inflammation. The albumin-globulin ratio (AGR)
combines the advantages of these two proteins and has been widely
studied in a variety of diseases, including malignant tumors, acute
ischemic stroke, chronic heart failure, etc. (7-13).

Although studies have shown that patients suffering from
depression show significantly decreased albumin levels, while their
al-globulin, a2-globulin, and p-globulin levels are notably higher
(14). However, research on the relationship between AGR and
depression is very limited. To date, no systematic study has clearly
explored the link between AGR and the risk of depression.
Considering the complex etiology of depression and the limitations of
existing treatments, clarifying the relationship between AGR and
depression may provide new ideas and tools for the prevention and
early intervention of depression.

Therefore, this study aims to systematically evaluate the
association between albumin-globulin ratio and the risk of depression
in American adults using the National Health and Nutrition
Examination Survey (NHANES) data. This study not only fills the gap
in the existing literature, but also provides an important basis for the
development of depression screening and intervention strategies
based on AGR in the future.

2 Materials and methods
2.1 Study design and participants

Conducted by the National Center for Health Statistics (NCHS),
the NHANES database is a nationwide research project that collects
data on the health and nutritional conditions of Americans (15). The
project utilized an advanced stratified, multistage, complex probability
sampling method to ensure participant representativeness (16). All
participants were thoroughly briefed on the study and signed informed
consent forms before data collection commenced. The NCHS Ethical
Review Committee reviewed and approved all research protocols.
Furthermore, the official NHANES website provides open access to the
datasets, as well as the related documentation and protocols.

For our study, we sourced data from seven NHANES survey cycles
covering the years 2005 to 2018. These specific cycles were selected
due to the availability of complete data for the Patient Health
Questionnaire-9 (PHQ-9), albumin, and globulin. Participants were
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excluded if they had: (1) no PHQ-9 data; (2) no albumin and globulin
data; (3) pregnancy; (4) missing information on covariates including
education level, marital status, BMI, smoking status, cholesterol,
triglycerides, CVD, hypertension, and cancer. Ultimately, we included
31,363 participants in the study. Figure | provides a comprehensive
overview of the screening process.

2.2 Assessment of depression

To assess depression, we utilized the PHQ-9 questionnaire, which
consists of nine questions based on depressive symptoms, to evaluate
their frequency over the past 2 weeks (17). Each response is scored
from 0 to 3, indicating different levels of symptom frequency. These
scores are summed, resulting in a total score ranging from 0 to 27,
which determines the severity of depressive symptoms (18).
We classified participants as having depression if their PHQ-9 score
was 10 or higher, and as not having depression if their score was below
10. This threshold is highly effective, demonstrating 88% specificity
and sensitivity in detecting depression (19).

2.3 Albumin, globulin, and AGR

The albumin concentration was determined by measuring the
absorbance change at 600 nm after binding with bromocresol purple,
the total protein concentration was determined by monitoring the
chelate formation rate at 545nm using the biuret method, and the
globulin concentration was calculated by subtracting the albumin
concentration from the total protein to ensure accurate results (20).
Both serum albumin (g/dL) and serum globulin (g/dL) levels were
measured utilizing a Beckman UniCel® DxC800 Synchron analyzer.
Based on these parameters, the AGR can be calculated by dividing the
albumin concentration (g/dL) by the globulin concentration (g/dL).

2.4 Covariates

Our study considered several potential covariates, including age,
gender (male and female), race/ethnicity (Mexican American, other
Hispanic, Non-Hispanic White, Non-Hispanic Black, and other),
education level (less than high school, high school or GED, college or
higher), marital status (married/living with partner, separated/
divorced/widowed, never married), and BMI categories (<25.0, 25.0-
29.9, and >30.0kg/m?). Smoking status was divided into never
smoked (fewer than 100 cigarettes lifetime), former smoker (more
than 100 cigarettes lifetime, but not currently smoking), and current
smoker (more than 100 cigarettes lifetime and currently smoking
occasionally or daily). Hypertension was defined by a history of
hypertension, current antihypertensive treatment, or systolic blood
pressure > 140 mmHg and/or diastolic blood pressure >90 mmHg
without medication. Diabetes criteria included a history of diabetes,
current use of oral hypoglycemic agents or insulin, fasting plasma
glucose >126 mg/dL, 2-h plasma glucose >200 mg/dL post-OGTT, or
HbAIlc >6.5%. Participants diagnosed with congestive heart failure,
coronary artery disease, angina, myocardial infarction, or stroke were
classified as having CVD. Cancer status was determined based on
physician diagnosis. Laboratory measurements included blood urea
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Participants of NHANES from
2005-2018
(n=70190)
> Excluded incomplete data of depression
(n=33931)
Included participants
(n=36259)
»| Excluded incomplete data of serum albumin
(n=1915) and serum globulin (n=52)
A 4
Included participants
(n=34292)
g Excluded pregnant individuals
(n=586)
v
Included participants
(n=33706)
> Exclude data with incomplete covariates
L (n=2343)
A
Included participants for analysis
(n=31363)
FIGURE 1

Flowchart depicting the procedure for sample selection from NHANES 2005-2018.

nitrogen, cholesterol, total protein, triglycerides, uric acid,
and creatinine.

2.5 Statistical analysis

This study incorporated sample weights into all statistical
analyses, acknowledging the complexity of the survey design and
adhering to CDC guidelines for data processing. Baseline
characteristics were categorized into two sets: one based on the
presence or absence of depression and another by AGR quartiles
(Q1<1.29, Q21.29-1.46, Q3 1.47-1.66, Q4 > 1.66). For continuous
variables, linear regression was utilized, and chi-square tests were
used for categorical variables.

To investigate the relationship between AGR and depression,
we initially used multivariate logistic regression. Following this, a
multivariate linear regression model was utilized to analyze the link
between AGR and PHQ-9 scores. AGR was then transformed from a
continuous variable into quartiles to conduct trend tests. Furthermore,
a smoothing curve fitting method was used to reveal the trend in the
link between AGR and depression.
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To explore potential differential associations between AGR and
depression in specific populations, we performed subgroup and
interaction analyses. Furthermore, we conducted sensitivity analyses:
one excluding patients taking antidepressant medication, and another
using unweighted raw data for analysis. Finally, we performed
regression analyses on all items of the PHQ-9.

We utilized R software (version 4.2) and EmpowerStats
software (version 4.1) to perform all statistical analyses. A
two-tailed p-value of less than 0.05 was considered indicative of
statistical significance.

3 Results
3.1 Baseline characteristics

A total of 31,363 participants were enrolled in this study,
comprising 15,661 men and 15,702 women, with a mean age of
47.71years. A summary of the baseline characteristics of the
participants is presented in Table 1. Notably, 8.78% were identified as
having depression.
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TABLE 1 Baseline characteristics of participants with and without depression in NHANES 2005-2018, weighted.

10.3389/fnut.2024.1453044

Characteristics Total No depression Depression p-value
Number of participants 31,363 28,608 2,755
Age, years 47.71+16.82 47.78£16.91 46.92+15.70 0.016
Sex, n (%) <0.001
Male 15,661 (49.32) 14,646 (50.42) 1,015 (36.03)
Female 15,702 (50.68) 13,962 (49.58) 1740 (63.97)
Race/ethnicity, n (%) <0.001
Mexican American 4,929 (8.34) 4,513 (8.37) 416 (7.96)
Other Hispanic 3,015 (5.42) 2,654 (5.23) 361 (7.73)
Non-Hispanic White 13,662 (68.71) 12,491 (69.10) 1,171 (63.96)
Non-Hispanic Black 6,477 (10.41) 5,874 (10.18) 603 (13.19)
Other races 3,280 (7.12) 3,076 (7.11) 204 (7.17)
Education level, n (%) <0.001
Less than high school 7,530 (15.31) 6,563 (14.52) 967 (24.91)
High school or GED 7,241 (23.34) 6,572 (23.05) 669 (26.84)
College or above 16,592 (61.34) 15,473 (62.43) 1,119 (48.26)
Marital status, n (%) <0.001
Never married 5,593 (17.62) 5,029 (17.36) 564 (20.69)
Married/living with partner 18,784 (63.91) 17,529 (65.19) 1,255 (48.49)
Separated/divorced/widowed 6,986 (18.47) 6,050 (17.45) 936 (30.82)
BMI (kg/m?), n (%) <0.001
<25.0 8,848 (29.46) 8,193 (29.73) 655 (26.25)
25.0-29.9 10,436 (33.04) 9,713 (33.62) 723 (25.97)
>30 12,079 (37.50) 10,702 (36.65) 1,377 (47.78)
Smoking status, 7 (%) <0.001
Never 17,141 (54.57) 16,033 (55.94) 1,108 (38.07)
Former 7,737 (25.23) 7,107 (25.45) 630 (22.61)
Current 6,485 (20.19) 5,468 (18.61) 1,017 (39.33)
Diabetes, n (%) <0.001
Yes 4,081 (9.56) 3,537 (9.12) 544 (14.85)
No 25,436 (84.55) 23,450 (85.20) 1986 (76.71)
Borderline 1846 (5.89) 1,621 (5.68) 225 (8.44)
Hypertension, n (%) <0.001
Yes 14,083 (39.67) 12,594 (38.86) 1,489 (49.46)
No 17,280 (60.33) 16,014 (61.14) 1,266 (50.54)
CVD, n (%) <0.001
Yes 2,680 (6.83) 2,265 (6.35) 415 (12.52)
No 28,683 (93.17) 26,343 (93.65) 2,340 (87.48)
Cancer, n (%) 0.014
Yes 2,993 (10.16) 2,683 (10.04) 310 (11.61)
No 28,370 (89.84) 25,925 (89.96) 2,445 (88.39)
PHQ-9 scores 3.01+4.05 2.09+2.37 14.04+3.80 <0.001
AGR 1.55+0.30 1.55+0.30 1.47+0.29 <0.001
Albumin, g/dL 4.26+0.33 4.27+0.33 4.18+0.36 <0.001
Globulin, g/dL 2.83+£0.43 2.83+£0.43 2.92+0.46 <0.001
(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2024.1453044

Characteristics No depression Depression

Blood urea nitrogen mg/dL 13.66+5.36 13.73+5.30 12.83+£5.96 <0.001
Cholesterol, mg/dL 194.52+41.23 194.40 £40.92 195.96 +44.79 0.074
Total protein, g/dL 7.10+0.45 7.10+0.44 7.10+0.47 0.899
Triglycerides, mg/dL 152.22+120.44 151.07 £120.10 166.10+123.63 <0.001
Uric acid, mg/dL 5.44+1.40 5.45+1.40 5.32+1.43 <0.001
Creatinine, mg/dL 0.89+0.36 0.90+0.33 0.88+0.58 0.143

Mean + SD for weighted continuous variables; % for weighted categorical variables. BMI, body mass index; CVD, cardiovascular disease; PHQ-9, patient health questionnaire 9; AGR, albumin

to globulin ratio.

When compared to non-depressed participants, those with
depression were more likely to be female, Non-Hispanic White,
possess higher educational attainment, be married or cohabiting, and
present higher rates of obesity, smoking, and chronic diseases such as
hypertension, diabetes, cardiovascular diseases, and cancer (all
p<0.05). Moreover, individuals with depression exhibited lower levels
of blood urea nitrogen and uric acid, alongside elevated triglyceride
levels (all p <0.001). The baseline characteristics, categorized by AGR,
are provided in Supplementary Table S1.

3.2 Association between AGR and
depression

Table 2 presents the association between AGR and depression,
demonstrating that a higher AGR is significantly associated with a
lower risk of depression across all models (p <0.01). Adjusting for
potential confounders, each unit rises in AGR corresponded to a 39%
lower chance of depression (OR=0.61, 95% CI: 0.47, 0.79). When
analyzing AGR in quartiles, the association remained significant
(trend p<0.001). Individuals in the highest AGR quartile (Q4)
demonstrated a 36% lower risk of depression relative to those in the
lowest quartile (Q1) (OR=0.64, 95% CI: 0.53, 0.77).

Furthermore, the linear regression analysis between AGR and
PHQ-9 scores reinforced this finding, showing that a higher AGR
is associated with a lower risk of depression (Table 3). The smoothed
fitting curve (Figure 2) also revealed a similar trend, corroborating
the linear negative relationship between AGR levels and depression,
and a non-linear negative association with PHQ-9 scores. These
consistent with the

results are previously mentioned

regression analysis.

3.3 Subgroup analyses

To enhance the validation of the robustness and accuracy of the
conclusions concerning AGR and depression among the general adult
population in the United States and to identify potential variations
within specific subgroups, we conducted subgroup analyses and
interaction tests. The stratification factors included age, gender, race,
marital status, BMI, smoking status, presence of diabetes,
and hypertension.

The findings indicated that the inverse relationship between AGR
and depression persisted in most subgroups (Table 4). Interaction tests
further revealed that diabetes and hypertension significantly
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influenced the relationship between AGR and depression (interaction
P <0.05). Specifically, among individuals with diabetes, every unit rises
in AGR correlated with a 54% decrease in the risk of depression
(OR=0.46, 95% CIL: 0.32-0.65). Similarly, among those with
hypertension, each incremental increase in AGR led to a 40% drop in
depression risk (OR=0.60, 95% CI: 0.48-0.74). These findings suggest
that diabetes and hypertension may significantly modulate the
association between AGR and depressive symptoms.

3.4 Sensitivity analyses

The sensitivity analysis results are comprehensively detailed in
Table 5. Excluding individuals on antidepressants, there was a
marked reduction in depression risk in Q4 relative to Q1 (OR: 0.66,
95% CI: 0.54, 0.80). The unweighted logistic regression analysis
confirmed this trend, also showing a decreased depression risk in
Q4 as opposed to Q1 (OR: 0.76, 95% CI: 0.67, 0.87). Both trend tests
yielded statistically significant results (trend p <0.01). Additionally,
an interesting pattern emerged from the data in Table 6: participants
with higher AGR levels scored significantly lower on questions 1, 2,
4, and 5 of the PHQ-9 depression scale, indicating a better overall
mental health status.

4 Discussion

In this study, we observed for the first time a significant negative
correlation between AGR levels and depression among U.S. adults.
After adjusting for potential confounders, higher AGR levels remained
associated with a lower risk of depression. This correlation remained
significant even after dividing AGR into quartiles for analysis.
Sensitivity analyses and subgroup analyses further supported the
robustness of the results. Overall, these findings provide a new
perspective on the relationship between AGR and depression,
suggesting that AGR may have potential reference value in the
research and clinical assessment of depression.

This finding may be closely related to the composition and
function of serum proteins because serum proteins composed of
albumin and globulin are not only easy to measure but can also
accurately reflect the nutritional status and inflammation level of an
individual. Albumin is commonly used to assess nutritional status and
has recently been considered an important inflammation marker.
Studies have shown that albumin synthesis significantly decreases
during inflammatory states, possibly due to inflammation factors
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TABLE 2 Association between AGR and depression (logistic regression model).

Characteristics Model 1 Model 2 Model 3
OR (95%Cl) p-value OR (95%Cl) p-value OR (95%Cl) p-value
Continuous 0.38 (0.31,0.47) <0.001 0.47 (0.37, 0.59) <0.001 0.61(0.47,0.79) <0.001
AGR quartiles
Q1 1 (ref) 1 (ref) 1 (ref)
Q2 0.72 (0.63, 0.83) <0.001 0.76 (0.66, 0.87) <0.001 0.84 (0.72, 0.98) 0.022
Q3 0.59 (0.52, 0.69) <0.001 0.66 (0.57,0.77) <0.001 0.75 (0.63, 0.88) 0.001
Q4 045 (0.39, 0.52) <0.001 0.53 (0.45, 0.62) <0.001 0.64 (0.53,0.77) <0.001
p for trend <0.001 <0.001 <0.001

Model 1: no covariates were adjusted. Model 2: adjusted for age, sex, and race/ethnic category. Model 3: adjusted for age, sex, race/ethnicity, education level, marital status, BMI, smoking
status, diabetes, hypertension, CVD, cancer, blood urea nitrogen, cholesterol, total protein, triglycerides, uric acid, creatinine. BMI, body mass index; CVD, cardiovascular disease; PHQ-9,
Patient Health Questionnaire 9; AGR, albumin to globulin ratio. AGR quartiles: Q1: <1.29; Q2: 1.29-1.46; Q3: 1.47-1.66; Q4: >1.66.

TABLE 3 Association between AGR and PHQ-9 scores (linear regression model).

Characteristics Model 1 Model 2 Model 3
B (95%Cl) p-value B (95%Cl) p-value B (95%Cl) p-value
Continuous —1.25(~1.45, —1.05) <0.001 —0.98(~1.19, —0.76) <0.001 —0.61(—0.86, —0.37) <0.001
AGR quartiles
Q1 0 (ref) 0 (ref) 0 (ref)
Q2 —0.52(—0.71, —0.34) <0.001 —0.46(—0.65, —0.28) <0.001 —0.31(—0.49, —0.13) 0.001
Q3 —0.86(—1.04, —0.68) <0.001 —0.72(—0.90, —0.53) <0.001 —0.52(—0.71, —0.33) <0.001
Q4 —1.16(~1.32, —0.99) <0.001 —0.95(~1.13, -0.77) <0.001 —0.63(—0.83, —0.42) <0.001
p for trend <0.001 <0.001 <0.001

Model 1: no covariates were adjusted. Model 2: adjusted for age, sex, and race/ethnic category. Model 3: adjusted for age, sex, race/ethnicity, education level, marital status, BMI, smoking
status, diabetes, hypertension, CVD, cancer, blood urea nitrogen, cholesterol, total protein, triglycerides, uric acid, creatinine. BMI, body mass index; CVD, cardiovascular disease; PHQ-9,

Patient Health Questionnaire 9; AGR, albumin to globulin ratio. AGR quartiles: Q1: <1.29; Q2: 1.29-1.46; Q3: 1.47-1.66; Q4: >1.66.

promoting albumin leakage and the liver prioritizing the synthesis of
acute-phase reactants (11, 21). Additionally, albumin has free radical
scavenging and antioxidant properties, making it an important
non-enzymatic antioxidant for maintaining plasma redox status (6,
22). Lower albumin levels may lead to oxidative stress imbalance,
particularly evident in depression patients who usually exhibit higher
levels of free radicals and oxidative damage (23). Depression is closely
related to immune activation and increased inflammation markers,
and albumin levels decrease with inflammation (24). Albumin also
carries and transports important metabolites such as fatty acids,
magnesium ions, and thyroid hormones, indirectly influencing the
occurrence of depression (25-28). Furthermore, lower albumin levels
can reduce the utilization of tryptophan, a key amino acid, affecting
serotonin production, which is crucial for the pathophysiology of
depression (29). Hypoalbuminemia is not only a marker of
malnutrition but also negatively impacts multiple organs and systems
(30). Evidence indicates that low albumin levels are linked to a
heightened risk of cardiovascular disease, which is closely related to
depression incidence (31, 32). Previous literature suggests a negative
association between albumin levels and depression (33). Multiple
studies reveal that albumin quantities in depression patients are
significantly decreased relative to normal control groups (34, 35).
After antidepressant treatment, albumin levels gradually increase in
depression patients (23). However, lower albumin concentrations
during remission may increase the risk of relapse (36).
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Globulin represents a category of proteins generated by the liver
and the immune system (notably plasma cells), including
immunoglobulins, complements, and acute-phase reactants, and plays
a significant role in immune and inflammatory responses (37).
Globulin mainly consists of a1, a2, B, and y components, and elevated
levels usually indicate chronic or acute inflammation. In depression
patients, a1 and a2 globulin levels in serum are significantly elevated
(38). Additionally, studies have found that depression patients have
lower total serum protein and albumin levels, while globulin levels are
higher, possibly reflecting abnormal protein metabolism in these
patients (39). The results imply that low albumin and elevated globulin
have a connection with depression. As a result, decreased AGR levels
may be related to depression.

While changes in albumin and globulin levels reflect inflammation
and nutritional status and are related to the pathophysiological
mechanisms of depression, the predictive effects of single indicators
are susceptible to factors such as dehydration, fluid retention, tissue
edema, synthesis material deficiency, and liver dysfunction. However,
AGR can significantly reduce these interferences. AGR combines the
advantages of albumin and globulin, and its imbalance indicates the
presence of infection, malnutrition, chronic systemic inflammation,
liver function impairment, or autoimmune issues (40). Previous
studies have assessed AGR’s prognostic role in many inflammatory,
autoimmune, and malignant diseases (41, 42). However, we did not
find studies evaluating the relationship between AGR and depression.
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FIGURE 2
Smooth curve of the trend of the relationship between AGR and depression. The solid red line represents the smooth curve fit between variables. Blue
bands represent the 95% of confidence interval from the fit. (A) AGR and depression. (B) AGR and PHQ-9 score.

Our study is the first to show a negative association between AGR
and depression.

Through our subgroup analysis, we discovered that the negative
relationship between AGR and depression symptoms persisted
across diverse demographic and clinical categories, including age,
gender, race, marital status, BMI, smoking status, diabetes, and
hypertension. This consistency suggests a strong association that
is not significantly altered by these variables. However, we found
significant interactions within the diabetes and hypertension
subgroups, with stronger associations in diabetes patients without
diabetes’s

AGR-depression association, the main considerations are related

hypertension.  Regarding influence on the
to inflammation: on one hand, diabetes is a metabolic disease
characterized by hyperglycemia, leading to chronic inflammation
in multiple systems over time. On the other hand, diabetes may
affect nutrient absorption and metabolism, leading to malnutrition
and subsequently impacting albumin levels. Lower albumin levels
may reflect overall deteriorating nutritional status, which is
associated with an increased risk of depression.

Although this finding needs further confirmation, lower AGR levels
suggest that malnutrition or high inflammation levels may be related to
depression risk. While high baseline inflammation and malnutrition
alone cannot cause depression, they are significant risk factors. These
factors can increase depression risk by affecting brain chemicals, the
immune system, and overall physical health. Moreover, higher AGR
indicates higher albumin levels and lower globulin levels. During
inflammation, decreased albumin and increased globulin play
important roles. Elevated AGR is associated with greater gray matter
volume in both the olfactory cortex and the parahippocampal gyrus
(43), whereas depression patients often exhibit olfactory dysfunction,
possibly related to reduced gray matter volume in the olfactory cortex.
Additionally, depression patients typically have reduced gray matter
volume in the parahippocampal gyrus, related to cognitive dysfunction
and emotional processing issues. Recent studies suggest that high AGR
helps protect the nervous system and improve cognitive function in
elderly people in Japanese communities (44). Furthermore, depression
may involve interactions between the immune and hormonal systems.
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Lower AGR levels may reflect such interaction imbalances, such as
lower albumin levels being related to immune and hormonal imbalances
in the body, exacerbating depression symptoms (45).

In this study, we used the PHQ-9 scale to assess participants’
depression symptom severity. Results showed that participants
with higher AGR levels scored lower on PHQ-9 questions 1, 2, 4,
and 5, indicating better mental health. Higher AGR levels made
participants more interested in activities, had higher, happier, or
more hopeful moods, felt energetic and vibrant, and maintained a
balanced diet.

Currently, the diagnosis of depression mainly relies on patients’
self-reports and clinicians’ subjective judgments, an approach that
may lead to the risk of underestimating symptoms or delaying
intervention (46). If AGR is included in depression screening
programs, it may be able to help medical staff more accurately
identify high-risk groups and may help to take corresponding
intervention measures in a more timely manner. Given the easy
availability and low cost of AGR, its application prospects as a
potential biomarker for depression may be broad, especially in the
early detection and optimization of intervention strategies, and
may have important potential.

However, although this study found a significant negative
correlation between AGR and depression risk, this correlation does
not necessarily imply a direct causal relationship. Therefore, in
clinical practice, although AGR might be used as a reference
indicator to assess the risk of depression, especially in patients with
chronic inflammation or malnutrition, clinicians still need to
interpret this indicator with caution. Specifically, changes in AGR
levels may reflect a patient’s overall health, such as inflammation
levels and nutritional status, but they cannot alone be used to
diagnose depression.

When formulating treatment plans, AGR should be considered in
conjunction with other clinical indicators to avoid over-reliance on a
single biomarker. Although the correlation of AGR suggests its potential
in identifying people at high risk of depression, further research is
needed to determine its applicability in different populations and to
explore its specific application value in depression management. Our
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TABLE 4 Subgroup analysis for the association between AGR and depression.

10.3389/fnut.2024.1453044

Characteristics OR (95%Cl) p-value p for interaction
Age (years), n (%) 0.859
<60 0.65 (0.53, 0.80) <0.001
>60 0.63 (0.48, 0.84) 0.001
Sex, 1 (%) 0.118
Male 0.55 (0.43, 0.71) <0.001
Female 0.70 (0.57, 0.88) <0.001
Race/ethnicity, n (%) 0.675
Mexican American 0.47 (0.31,0.73) <0.001
Other Hispanic 0.46 (0.30,0.72) <0.001
Non-Hispanic White 0.49 (0.39, 0.62) <0.001
Non-Hispanic Black 0.50 (0.35,0.71) <0.001
Other races 0.75 (0.43, 1.28) 0.289
Marital status, 7 (%) 0.058
Never married 0.60 (0.44, 0.83) 0.002
Married/living with partner 0.42 (0.33,0.52) <0.001
Separated/divorced/widowed 0.58 (0.44, 0.77) <0.001
BMI (kg/m?), n (%) 0.429
<25.0 0.59 (0.44, 0.79) <0.001
25.0-29.9 0.47 (0.35, 0.63) <0.001
>30.0 0.47 (0.37, 0.60) <0.001
Smoking status, n (%) 0.888
Never 0.49 (0.38, 0.62) <0.001
Former 0.49 (0.36, 0.67) <0.001
Current 0.53 (0.41, 0.68) <0.001
Diabetes, 1 (%) 0.027
Yes 0.46 (0.32, 0.65) <0.001
No 0.48 (0.39, 0.58) <0.001
Borderline 1.01 (0.59, 1.72) 0.970
Hypertension, n (%) 0.014
Yes 0.60 (0.48, 0.74) <0.001
No 0.41 (0.32, 0.52) <0.001

study has several strengths: we systematically studied the relationship
between AGR and depression symptoms for the first time, filling a gap
in the existing literature. Additionally, the study used a representative
and large-scale US population sample and employed a complex multi-
stage probability sampling design, strengthening the validity and
applicability of the results.

That said, our research is subject to certain limitations: first, as the
research employs a cross-sectional design, definitive causality between
AGR and depression symptoms cannot be inferred. Future studies
should adopt prospective designs to obtain more robust causal
evidence. Second, our findings are only applicable to the US population,
limiting their generalizability to other populations. Additionally, since
this study only included participants with relatively complete data and
excluded those with incomplete data, this have introduced selection
bias, especially if these exclusions are potentially associated with
variables like depression or AGR. Moreover, depression diagnosis relies
on participants’ self-reports, which lead to recall bias. Future research
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should adopt more rigorous survey methods and clinical diagnostic
tools to more accurately assess depression symptoms. Lastly, although
we adjusted for multiple potential confounders, residual confounding
factors still exist.

Therefore, although this study proposed the negative correlation
between AGR and depression for the first time and provided
preliminary evidence for its use as a potential biomarker, further
longitudinal studies and multicenter clinical trials are still needed to
verify its causal relationship and specificity. In addition, the practical
application value of AGR as a reference indicator in depression
screening and treatment also needs to be explored in large-scale studies.

5 Conclusion

In conclusion, the NHANES data-based study reveals a
significant association between higher AGR levels and a reduced
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TABLE 5 Sensitivity analyses.

10.3389/fnut.2024.1453044

Characteristics Model 1 Model 2 Model 3
OR (95%Cl) p-value OR (95%Cl) p-value OR (95%Cl) p-value
Excluding participants take antidepressants, weighted (n=30,387)
Continuous 0.39 (0.32, 0.49) <0.001 0.50 (0.39, 0.64) <0.001 0.65 (0.49, 0.85) 0.002
AGR quartiles
Q1 1 (ref) 1 (ref) 1 (ref)
Q2 0.72 (0.62, 0.83) <0.001 0.76 (0.65, 0.88) <0.001 0.84 (0.71, 0.98) 0.026
Q3 0.60 (0.51, 0.70) <0.001 0.67 (0.57, 0.79) <0.001 0.75 (0.63, 0.90) 0.001
Q4 0.46 (0.39, 0.54) <0.001 0.55 (0.46, 0.65) <0.001 0.66 (0.54, 0.80) <0.001
p for trend <0.001 <0.001 <0.001
Unweighted (n=31,363)
Continuous 0.45 (0.39, 0.52) <0.001 0.50 (0.43, 0.58) <0.001 0.64 (0.53, 0.76) <0.001
AGR quartiles
Q1 1 (ref) 1 (ref) 1 (ref)
Q2 0.83 (0.75, 0.93) 0.001 0.86 (0.77, 0.95) 0.005 0.94 (0.84, 1.06) 0.311
Q3 0.68 (0.61, 0.76) <0.001 0.72 (0.65, 0.81) <0.001 0.83 (0.73, 0.94) 0.002
Q4 0.57 (0.51, 0.64) <0.001 0.63 (0.56, 0.71) <0.001 0.76 (0.67, 0.87) <0.001
p for trend <0.001 <0.001 <0.001

Model 1: no covariates were adjusted. Model 2: adjust for age, sex and race/ethnicity category. Model 3: adjust for age, sex, race/ethnicity, education level, marital status, BMI, smoking status,

diabetes, hypertension, CVD, cancer, blood urea nitrogen, cholesterol, total protein, triglycerides, uric acid, creatinine. BMI, body mass index; CVD, cardiovascular disease; PHQ-9, patient
health questionnaire 9; AGR, albumin to globulin ratio. AGR quartiles: Q1: <1.29; Q2: 1.29-1.46; Q3: 1.47-1.66; Q4: >1.66.

TABLE 6 Association between serum AGR and each question on the PHQ-9 depression scale.

PHQ-9 depression scale Model 1 Model 2 Model 3
OR (95%Cl) p-value OR (95%Cl) OR (95%Cl)

1. Have little interest in doing things 0.62 (0.54, 0.70) <0.001 0.72 (0.63, 0.83) <0.001 0.82 (0.70, 0.95) 0.009
2. Feeling down, depressed, or hopeless 0.60 (0.53, 0.68) <0.001 0.71 (0.61, 0.81) <0.001 0.80 (0.69, 0.94) 0.005
3. Trouble sleeping or sleeping too much 0.82 (0.74,0.91) <0.001 0.85 (0.75, 0.95) 0.005 0.94 (0.83, 1.07) 0.376
4. Feeling tired or having little energy 0.68 (0.62, 0.76) <0.001 0.68 (0.61, 0.76) <0.001 0.73 (0.64, 0.83) <0.001
5. Poor appetite or overeating 0.47 (0.41, 0.54) <0.001 0.58 (0.50, 0.67) <0.001 0.75 (0.64, 0.88) 0.001
6. Feeling bad about yourself 0.68 (0.59, 0.79) <0.001 0.72 (0.61, 0.85) <0.001 0.85 (0.71, 1.02) 0.074
7. Trouble concentrating on things 0.79 (0.69, 0.91) 0.001 0.84 (0.72,0.97) 0.021 0.88 (0.74, 1.04) 0.140
8. Moving or speaking slowly or too fast 0.64 (0.53, 0.76) <0.001 0.73 (0.60, 0.89) 0.002 0.87 (0.70, 1.08) 0.270
9. Thought you would be better off dead 0.57 (0.44, 0.75) <0.001 0.64 (0.47, 0.88) 0.005 0.77 (0.55, 1.10) 0.148

Model 1: no covariates were adjusted. Model 2: adjust for age, sex and race/ethnicity category. Model 3: adjust for age, sex, race/ethnicity, education level, marital status, BMI, smoking status,

diabetes, hypertension, CVD, cancer, blood urea nitrogen, cholesterol, total protein, triglycerides, uric acid, creatinine. BMI, body mass index; CVD, cardiovascular disease; PHQ-9, patient

health questionnaire 9; AGR, albumin to globulin ratio.

risk of depression in a representative US adult population. This
finding emphasizes the correlation between AGR levels and
depression, suggesting the potential of AGR as a biomarker for
identifying individuals who may be at a higher risk of depression.
The exact mechanisms linking AGR to depression are not yet fully
understood, and our study does not establish causality. Future
research should continue to investigate these correlations to clarify
the underlying mechanisms. Understanding these relationships will
be important for assessing their relevance in clinical settings and for
guiding future intervention strategies based on robust
scientific evidence.

Frontiers in Nutrition 09

Data availability statement
The original contributions presented in the study are included in

the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

This study included data from NHANES 2005-2018, which
obtained ethics approval from the National Center for Health

frontiersin.org


https://doi.org/10.3389/fnut.2024.1453044
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xu et al.

Statistics. All methods were performed in accordance with the
relevant guidelines and regulations (Declaration of Helsinki), and
all participants provided informed consent.

Author contributions

QX: Conceptualization, Data curation, Formal analysis, Writing
draft. JW: Methodology,
administration, Writing — original draft. HL: Project administration,

- original Investigation, Project

Resources, Software, Supervision, Writing — review & editing. XC:
Conceptualization, Supervision, Validation, Visualization, Writing —
review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: A systematic analysis for the global
burden of disease study 2019. Lancet. (2020) 396:1204-22. doi: 10.1016/
$0140-6736(20)30925-9

2. Murray CJL. The global burden of disease study at 30 years. Nat Med. (2022)
28:2019-26. doi: 10.1038/541591-022-01990-1

3. Alonso J, Angermeyer MC, Bernert S, Bruffaerts R, Brugha TS, Bryson H, et al.
Prevalence of mental disorders in Europe: results from the European study of the
epidemiology of mental disorders (ESEMeD) project. Acta Psychiatr Scand Suppl. (2004)
109:21-7. doi: 10.1111/§.1600-0047.2004.00327.x

4. O'Connor EA, Perdue LA, Coppola EL, Henninger ML, Thomas RG, Gaynes BN.
Depression and suicide risk screening: updated evidence report and systematic review
for the US preventive services task force. JAMA. (2023) 329:2068-85. doi: 10.1001/
jama.2023.7787

5. Herrman H, Patel V, Kieling C, Berk M, Buchweitz C, Cuijpers P, et al. Time for
united action on depression: a lancet-world psychiatric association commission. Lancet.
(2022) 399:957-1022. doi: 10.1016/s0140-6736(21)02141-3

6. Roche M, Rondeau P, Singh NR, Tarnus E, Bourdon E. The antioxidant properties
of serum albumin. FEBS Lett. (2008) 582:1783-7. doi: 10.1016/j.febslet.2008.04.057

7.LiJ, Wang Y, Wu Y, Li J, Che G. Prognostic value of pretreatment albumin to
globulin ratio in lung Cancer: a meta-analysis. Nutr Cancer. (2021) 73:75-82. doi:
10.1080/01635581.2020.1737155

8. Xie HL, Zhang Q, Ruan GT, Ge YZ, Hu CL, Song MM, et al. Evaluation and
validation of the prognostic value of serum albumin to globulin ratio in patients with
Cancer Cachexia: results from a large multicenter collaboration. Front Oncol. (2021)
11:707705. doi: 10.3389/fonc.2021.707705

9. Salciccia S, Frisenda M, Bevilacqua G, Viscuso P, Casale P, De Berardinis E, et al.
Prognostic value of albumin to globulin ratio in non-metastatic and metastatic prostate
Cancer patients: a Meta-analysis and systematic review. Int ] Mol Sci. (2022) 23:501. doi:
10.3390/ijms231911501

10. Wang A, Zhang Y, Xia G, Tian X, Zuo Y, Chen P, et al. Association of serum
albumin to globulin ratio with outcomes in acute ischemic stroke. CNS Neurosci Ther.
(2023) 29:1357-67. doi: 10.1111/cns.14108

11. Niedziela JT, Hudzik B, Szygula-Jurkiewicz B, Nowak JU, Polonski L, Gasior M,
et al. Albumin-to-globulin ratio as an independent predictor of mortality in chronic
heart failure. Biomark Med. (2018) 12:749-57. doi: 10.2217/bmm-2017-0378

12. Azab B, Bibawy J, Harris K, Khoueiry G, Akerman M, Selim J, et al. Value of
albumin-globulin ratio as a predictor of all-cause mortality after non-ST elevation
myocardial infarction. Angiology. (2013) 64:137-45. doi: 10.1177/0003319712436577

13.Zeng M, Liu Y, Liu E, Peng Y, Sun L, Xiao L. Association between albumin-to-
globulin ratio and long-term mortality in patients with chronic kidney disease: a cohort
study. Int Urol Nephrol. (2020) 52:1103-15. doi: 10.1007/s11255-020-02453-7

Frontiers in Nutrition

10.3389/fnut.2024.1453044

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.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1453044/
full#supplementary-material

14. Nunes SO, Reiche EM, Morimoto HK, Matsuo T, Itano EN, Xavier EC, et al.
Immune and hormonal activity in adults suffering from depression. Braz ] Med Biol Res.
(2002) 35:581-7. doi: 10.1590/50100-879x2002000500011

15. Ahluwalia N, Dwyer J, Terry A, Moshfegh A, Johnson C. Update on NHANES
dietary data: focus on collection, release, analytical considerations, and uses to inform
public policy. Adv Nutr. (2016) 7:121-34. doi: 10.3945/an.115.009258

16. Curtin LR, Mohadjer LK, Dohrmann SM, Kruszon-Moran D, Mirel LB, Carroll
MD, et al. Vital and health statistics series 2. Data Eval Methods Res. (2007-2010)
2013:1-23.

17. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity —measure. J Gen Intern Med. (2001) 16:606-13. doi:
10.1046/j.1525-1497.2001.016009606.x

18.Manea L, Gilbody S, McMillan D. A diagnostic meta-analysis of the patient
Health Questionnaire-9 (PHQ-9) algorithm scoring method as a screen for
depression. Gen Hosp  Psychiatry. (2015) 37:67-75. doi: 10.1016/j.
genhosppsych.2014.09.009

19. Levis B, Benedetti A, Thombs BD. Accuracy of patient Health Questionnaire-9
(PHQ-9) for screening to detect major depression: individual participant data meta-
analysis. BMJ. (2019) 365:11476. doi: 10.1136/bmj.11476

20. Wen H, Niu X, Yu R, Zhao R, Wang Q, Sun N, et al. Association of Serum AGR
with all-cause and cause-specific mortality among individuals with diabetes. J Clin
Endocrinol Metab. (2024):dgae215. doi: 10.1210/clinem/dgae215

21. Gupta D, Lis CG. Pretreatment serum albumin as a predictor of cancer survival: a
systematic review of the epidemiological literature. Nutr J. (2010) 9:69. doi:
10.1186/1475-2891-9-69

22. Chapple IL, Milward MR, Dietrich T. The prevalence of inflammatory periodontitis
is negatively associated with serum antioxidant concentrations. J Nutr. (2007)
137:657-64. doi: 10.1093/jn/137.3.657

23.Liu T, Zhong S, Liao X, Chen J, He T, Lai S, et al. A meta-analysis of oxidative stress
markers in depression. PLoS One. (2015) 10:e0138904. doi: 10.1371/journal.
pone.0138904

24.Ishida S, Hashimoto I, Seike T, Abe Y, Nakaya Y, Nakanishi H. Serum albumin
levels correlate with inflammation rather than nutrition supply in burns patients: a
retrospective study. ] Med Invest. (2014) 61:361-8. doi: 10.2152/jmi.61.361

25.Pompili M, Longo L, Dominici G, Serafini G, Lamis DA, Sarris J, et al.
Polyunsaturated fatty acids and suicide risk in mood disorders: a systematic review. Prog
Neuro-Psychopharmacol ~ Biol ~ Psychiatry. (2017) 74:43-56. doi: 10.1016/j.
pnpbp.2016.11.007

26. Maes M, Vandoolaeghe E, Neels H, Demedts P, Wauters A, Meltzer HY, et al.
Lower serum zinc in major depression is a sensitive marker of treatment resistance and
of the immune/inflammatory response in that illness. Biol Psychiatry. (1997) 42:349-58.
doi: 10.1016/50006-3223(96)00365-4

frontiersin.org


https://doi.org/10.3389/fnut.2024.1453044
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1453044/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1453044/full#supplementary-material
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.1038/s41591-022-01990-1
https://doi.org/10.1111/j.1600-0047.2004.00327.x
https://doi.org/10.1001/jama.2023.7787
https://doi.org/10.1001/jama.2023.7787
https://doi.org/10.1016/s0140-6736(21)02141-3
https://doi.org/10.1016/j.febslet.2008.04.057
https://doi.org/10.1080/01635581.2020.1737155
https://doi.org/10.3389/fonc.2021.707705
https://doi.org/10.3390/ijms231911501
https://doi.org/10.1111/cns.14108
https://doi.org/10.2217/bmm-2017-0378
https://doi.org/10.1177/0003319712436577
https://doi.org/10.1007/s11255-020-02453-7
https://doi.org/10.1590/s0100-879x2002000500011
https://doi.org/10.3945/an.115.009258
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1016/j.genhosppsych.2014.09.009
https://doi.org/10.1016/j.genhosppsych.2014.09.009
https://doi.org/10.1136/bmj.l1476
https://doi.org/10.1210/clinem/dgae215
https://doi.org/10.1186/1475-2891-9-69
https://doi.org/10.1093/jn/137.3.657
https://doi.org/10.1371/journal.pone.0138904
https://doi.org/10.1371/journal.pone.0138904
https://doi.org/10.2152/jmi.61.361
https://doi.org/10.1016/j.pnpbp.2016.11.007
https://doi.org/10.1016/j.pnpbp.2016.11.007
https://doi.org/10.1016/s0006-3223(96)00365-4

Xu et al.

27.You HJ, Cho SE, Kang SG, Cho SJ, Na KS. Decreased serum magnesium levels in
depression: a systematic review and meta-analysis. Nord ] Psychiatry. (2018) 72:534-41.
doi: 10.1080/08039488.2018.1538388

28.Duntas LH, Maillis A. Hypothyroidism and depression: salient aspects of
pathogenesis and management. Minerva Endocrinol. (2013) 38:365-77.

29.Maes M, Meltzer HY, Scharpé S, Bosmans E, Suy E, De Meester I, et al.
Relationships between lower plasma L-tryptophan levels and immune-inflammatory
variables  in  depression.  Psychiatry =~ Res.  (1993)  49:151-65.  doi:
10.1016/0165-1781(93)90102-m

30. Ballmer PE. Causes and mechanisms of hypoalbuminaemia. Clin Nutr. (2001)
20:271-3. doi: 10.1054/clnu.2001.0439

31. Arques S. Human serum albumin in cardiovascular diseases. Eur ] Intern Med.
(2018) 52:8-12. doi: 10.1016/j.ejim.2018.04.014

32.Harshfield EL, Pennells L, Schwartz JE, Willeit P, Kaptoge S, Bell S, et al.
Association between depressive symptoms and incident cardiovascular diseases. JAMA.
(2020) 324:2396-405. doi: 10.1001/jama.2020.23068

33. Al-Marwani S, Baticha A, Khader Y, El-Khateeb M, Jaddou H, Ajlouni K.
Association between albumin and depression: a population-based study. BMC
Psychiatry. (2023) 23:780. doi: 10.1186/s12888-023-05174-0

34. Ambrus L, Westling S. Inverse association between serum albumin and depressive
symptoms among drug-free individuals with a recent suicide attempt. Nord ] Psychiatry.
(2019) 73:229-32. doi: 10.1080/08039488.2019.1610056

35. Huang SY, Chiu CC, Shen WW, Chang HC, Wu PL, Su KP. Hypoalbuminemia in
drug-free patients with major depressive disorder compared with a dietary matched

control group: a clinical meaning beyond malnutrition. Eur Neuropsychopharmacol.
(2005) 15:227-30. doi: 10.1016/j.euroneuro.2004.10.003

36. Swartz CM. Albumin decrement in depression and cholesterol decrement in
mania. ] Affect Disord. (1990) 19:173-6. doi: 10.1016/0165-0327(90)90088-p

37.Zhou T, Yu ST, Chen WZ, Xie R, Yu JC. Pretreatment albumin globulin ratio has
a superior prognostic value in laryngeal squamous cell carcinoma patients: a comparison
study. J Cancer. (2019) 10:594-601. doi: 10.7150/jca.28817

Frontiers in Nutrition

11

10.3389/fnut.2024.1453044

38. Van Hunsel F, Wauters A, Vandoolaeghe E, Neels H, Demedts P, Maes M. Lower
total serum protein, albumin, and beta-and gamma-globulin in major and treatment-
resistant depression: effects of antidepressant treatments. Psychiatry Res. (1996)
65:159-69. doi: 10.1016/s0165-1781(96)03010-7

39. Maes M, Wauters A, Neels H, Scharpé S, Van Gastel A, D'Hondt P, et al. Total
serum protein and serum protein fractions in depression: relationships to depressive
symptoms and glucocorticoid activity. J Affect Disord. (1995) 34:61-9. doi:
10.1016/0165-0327(94)00106-j

40. Zhang CC, Zhang CW, Xing H, Wang Y, Liang L, Diao YK, et al. Preoperative
inversed albumin-to-globulin ratio predicts worse oncologic prognosis following
curative hepatectomy for hepatocellular carcinoma. Cancer Manag Res. (2020)
12:9929-39. doi: 10.2147/cmar.S275307

41.Ye Y, Chen W, Gu M, Xian G, Pan B, Zheng L, et al. Serum globulin and albumin
to globulin ratio as potential diagnostic biomarkers for periprosthetic joint infection: a
retrospective review. ] Orthop Surg Res. (2020) 15:459. doi: 10.1186/s13018-020-01959-1

42. Atsumi Y, Kawahara S, Kakuta S, Onodera A, Hara K, Kazama K, et al. Low
preoperative albumin-to-globulin ratio is a marker of poor prognosis in patients with
esophageal Cancer. In Vivo. (2021) 35:3555-61. doi: 10.21873/invivo.12658

43. Chen J, Liu S, Wang C, Zhang C, Cai H, Zhang M, et al. Associations of serum liver
function markers with brain structure, function, and perfusion in healthy young adults.
Front Neurol. (2021) 12:606094. doi: 10.3389/fneur.2021.606094

44. Maeda S, Takeya Y, Oguro R, Akasaka H, Ryuno H, Kabayama M, et al. Serum
albumin/globulin ratio is associated with cognitive function in community-dwelling
older people: the septuagenarians, octogenarians, nonagenarians investigation with
centenarians study. Geriatr Gerontol Int. (2019) 19:967-71. doi: 10.1111/ggi.13751

45. Maes M, Verkerk R, Vandoolaeghe E, Van Hunsel F, Neels H, Wauters A, et al.
Serotonin-immune interactions in major depression: lower serum tryptophan as a
marker of an immune-inflammatory response. Eur Arch Psychiatry Clin Neurosci. (1997)
247:154-61. doi: 10.1007/bf03033069

46. Smith KM, Renshaw PE, Bilello J. The diagnosis of depression: current and
emerging methods. Compr  Psychiatry. (2013) 54:1-6. doi: 10.1016/j.
comppsych.2012.06.006

frontiersin.org


https://doi.org/10.3389/fnut.2024.1453044
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1080/08039488.2018.1538388
https://doi.org/10.1016/0165-1781(93)90102-m
https://doi.org/10.1054/clnu.2001.0439
https://doi.org/10.1016/j.ejim.2018.04.014
https://doi.org/10.1001/jama.2020.23068
https://doi.org/10.1186/s12888-023-05174-0
https://doi.org/10.1080/08039488.2019.1610056
https://doi.org/10.1016/j.euroneuro.2004.10.003
https://doi.org/10.1016/0165-0327(90)90088-p
https://doi.org/10.7150/jca.28817
https://doi.org/10.1016/s0165-1781(96)03010-7
https://doi.org/10.1016/0165-0327(94)00106-j
https://doi.org/10.2147/cmar.S275307
https://doi.org/10.1186/s13018-020-01959-1
https://doi.org/10.21873/invivo.12658
https://doi.org/10.3389/fneur.2021.606094
https://doi.org/10.1111/ggi.13751
https://doi.org/10.1007/bf03033069
https://doi.org/10.1016/j.comppsych.2012.06.006
https://doi.org/10.1016/j.comppsych.2012.06.006

	A study investigating how the albumin-globulin ratio relates to depression risk within U.S. adults: a cross-sectional analysis
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Assessment of depression
	2.3 Albumin, globulin, and AGR
	2.4 Covariates
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Association between AGR and depression
	3.3 Subgroup analyses
	3.4 Sensitivity analyses

	4 Discussion
	5 Conclusion

	References

