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Background: Recent evidence suggests that there is a close correlation of
inflammation with depression. Therefore, our study aims to explore the
association of Alpha-1-acid glycoprotein (AGP), a highly sensitive inflammatory
biomarker, with depression in US adult women.

Methods: Data from the National Health and Nutrition Examination Survey
(NHANES) from 2021-2023 were selected for this study. Both AGP
concentrations and depression levels were assessed using standardized survey
instruments. Multivariate logistic and linear regression, and restricted cubic
splines models (RCS) were performed to evaluate the relationship of AGP
concentrations with depression. Stratified analyses and multiplicative
interaction testing were conducted to evaluate the robustness of the observed
association across relevant subgroups.

Results: AGP concentrations demonstrated a positive linear association with
depression among US adult women. Each standardized unit increment in In-
transformed AGP concentrations was associated with significantly higher odds of
depression (OR = 2.04, 95% CI: 1.17-3.57) and a 1.47-point increase in PHQ-9
scores (B = 1.47, 95% Cl: 0.37-2.56) in the fully adjusted model. Furthermore,
compared with participants in the lowest AGP concentration quartile, those in
the highest quartile exhibited 72% greater odds of depression (OR = 1.72, 95%Cl:
1.03-2.87), and 1.32-point higher PHQ-9 scores (f = 1.32, 95%Cl: 0.31-2.34) in
the fully adjusted model. This positive association remained consistent across
several subgroups and our sensitivity analysis. In addition, compared to C-
reactive protein (CRP), AGP had a stronger predictive effect on depression
using the ROC curve.
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Conclusions: AGP exhibited a positive linear association with depression in US
adult women. This positive association remained consistent across several
subgroups. Furthermore, AGP had a stronger predictive effect on depression

compared to CRP.

NHANES, Alpha-1-acid glycoprotein, inflammatory biomarker, depression, cross-
sectional study, women

1 Introduction

Depression is a debilitating psychiatric condition characterized
by persistent depressed mood and marked anhedonia, accompanied
by cognitive impairments, psychomotor disturbances, and
autonomic dysregulation, collectively contributing to significant
somatic dysfunction (1). With the rapid pace of modern life and
the increasing pressure of life, more and more people around the
world suffer from depression. According to the World Health
Organization, nearly 280 million people are diagnosed with
depression worldwide, which accounts for approximately 3.8% of
the global population (2), of which 10.7% are adults (3, 4). More
than 700000 people all around the world annually experience
depression-associated suicide (5, 6). Depression brings a
substantial public health burden impacting individual well-being,
familial functioning, and societal healthcare systems. However, the
underlying pathophysiological mechanisms of depression have not
been fully explored, but accumulating evidence suggests that
inflammatory pathways and related inflammation factors may
contribute to the pathogenesis and progression of depression (7, 8).

AGP is a systemic inflammatory biomarker and a non-specific
acute-phase reactant, produced primarily by hepatocytes, type II
pneumocytes, vascular endothelial cells, and tissue-specific
parenchymal cells. After its production, it enters the blood
circulation system into plasma, cerebrospinal fluid, gastrointestinal
fluid, and urine (9, 10). When the body has inflammation, due to the
stimulation of prostaglandin E2 and cytokines, AGP will be
synthesized and secreted in large quantities, which has become an
effective inflammation biomarker (11).

Emerging evidence demonstrates a significant association
between systemic inflammatory markers and clinically diagnosed
depression. However, the majority of existing epidemiological
studies have primarily examined relationships between
interleukin-1b (IL-1b), interleukin-2 (IL-2), interleukin-6 (IL-6),
tumor necrosis factor-alpha (TNF-a), and other inflammatory
factors and depression (12-16). AGP, as an essential
inflammatory marker, can effectively respond to the early
inflammation stage in humans. However, there are limited studies
that have explored the association of AGP concentrations with
depression. The only studies are relatively old and the conclusions
have not been unified. For example, Healy D (17) suggested that
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AGP concentrations were positively correlated with depression risk,
but K. Schmid (18) suggested that there was no relationship
between them. In addition, recent studies in adolescents by
Osuna E (19) and Zarate-Ortiz AG (20) also suggested that iron
deficiency could lead to depression. Moreover, inflammatory
markers such as C-reactive protein (CRP) and AGP are relatively
sensitive indicators to evaluate individual iron status. All these
indicate that there may be an association between AGP
concentrations and depression, but what kind of association exists
and whether this association persists in the adult population still
needs to be verified by the study.

Given the existing evidence, a rigorous examination of the
association between AGP concentrations and depression using
large-scale, nationally representative epidemiological data is
warranted. To address this knowledge gap, we conducted a cross-
sectional analysis utilizing 2021-2023 NHANES data to investigate
AGP-depression associations in the US adult population.

2 Methods
2.1 Study design and participants

This study conducted a cross-sectional design utilizing data
from NHANES, a nationally representative surveillance program
employing complex probability sampling methodology.
Administered by the Centers for Disease Control and
Prevention’s National Center for Health Statistics (CDC/NCHY),
NHANES provides comprehensive health and nutritional
assessments of the non-institutionalized US population.
Participants completed self-administered standardized
questionnaires during home visits, followed by comprehensive
physical evaluations and clinical laboratory assessments
conducted at specially equipped mobile examination centers. All
the health-related data for each participant are obtained over the
same period and are comparable. The study protocol (#2021-05)
received ethical clearance from the Institutional Review Board of
the NCHS, with all participants providing documented informed
consent before data collection. All the NHANES data are publicly
available at https://www.cdc.gov/nchs/nhanes/. Demographic data
from the database for 2021-2023 were used in this study.
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The study initially included 11,933 participants. Since the
measurement of AGP data in the NHANES (2021-2023) was
only presented in adult females, we designed the criteria of
inclusion and exclusion for participants, including excluded
participants who were males, participants who were females with
missing data about AGP, participants with age < 20, participants
with incomplete depression screening data, and participants with
incomplete covariate measurements. The final study comprised 885
eligible participants, representing a weighted national population
estimate of 6.31 million US adults. Figure 1 illustrated the complete
participant selection flowchart, detailing the inclusion/exclusion
criteria application.

2.2 Measurement of the AGP

The measurement of AGP concentrations was conducted using
the Tina-quant Roche AGP assay, which was based on the principle
of immunological agglutination. In summary, the AGP antibodies
reacted with the antigen in the sample to form an antigen/antibody
complex. Following agglutination, this is measured turbidimetrically.

2.3 Definitions of depression

Depression was evaluated using the 9-item Public Health
Questionnaire (PHQ-9), a validated screening instrument derived

10.3389/fpsyt.2025.1555321

from the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria (21, 22). Its nine items directly
align with the nine core symptoms of depression in DSM-IV (23).
Each item was scored from 0 (not at all) to 3 (nearly every day)
based on the frequency of symptom occurrence over the preceding
two weeks. Total scores ranged from 0 to 27, with a cutoff of > 10
classifying participants as having depression.

2.4 Covariates

In this study, the covariates include age (20-34 years and 35-49
years), race (non-Hispanic White, non-Hispanic Black, Mexican
American, or other races), educational levels (lower than high
school, high school, and college or above), poverty index ratio
(PIR;< 1, 1-3, > 3), body mass index [BMI; < 18.5 kg/m2
(underweight), 18.5-24.9 kg/m® (normal weight), 25-29.9 kg/m®
(overweight), > 30 kg/m2 (obesity)], drinking status (never, former,
current) and smoking status (never, former, current), physical activity
(vigorous physical level, middle physical level, and others levels),
hypertension (yes and no) and diabetes (yes and no) (12) (24).
Hypertension was defined as (1): systolic blood pressure > 130
>

mmHg (2); diastolic blood pressure > 80 mmHg (3); physician-
diagnosed hypertension; or (4) current use of antihypertensive
medications. Diabetes mellitus was defined as: (1) fasting blood
126 mg/dL; (2) HbAlc level > 6.5%; (3) physician-

diagnosed diabetes; or (4) current use of glucose-lowering medications.

>
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FIGURE 1
Flow chart of participants in inclusion and exclusion criteria.
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2.5 Statistical analysis

Participant baseline characteristics were analyzed using
appropriate statistical methods based on variable types: continuous
variables were compared using t-tests or the Mann-Whitney U test,
while categorical variables were assessed with ” tests as indicated. To
present the distribution condition of AGP concentrations and the
potential relationship of AGP concentrations with depression, the dot
plots of AGP concentrations in depression and non-depression
groups and two-dimensional scattered plots of the correlation
between AGP concentrations and PHQ-9 scores were performed.
To reduce the skew of the AGP concentrations in subsequent
statistical analysis, the AGP concentrations were In-transformed.
The AGP concentrations were regarded as continuous and category
variables. When it was category variables, it was divided into the
fourth quartile (the lowest quartile, the second and third quartiles,
and the highest quartile). The associations between natural
logarithm-transformed AGP concentrations and both depression
status (via weighted multivariable-adjusted logistic regression) and
continuous symptom severity scores (via weighted linear regression)
were examined, with restricted cubic splines (RCS) modeling
employed to evaluate potential nonlinear dose-response
relationships. To evaluate the robustness of the observed
association between AGP concentrations and depression, stratified
analyses, interaction tests, and sensitivity analyses were performed.
The Benjamini-Hochberg (BH) method was used to adjust the
multiple comparison corrections to cause potential the risk of false
positives to increase. To comprehensively assess the predictive
capacity of AGP for depression, CRP was incorporated as a
comparator inflammatory marker. Receiver operating characteristic
(ROC) curve analysis was then performed to evaluate and compare
the diagnostic accuracy of both biomarkers. All statistical analyses
were conducted using R statistical software (v4.3.1; R Foundation for
Statistical Computing), with statistical significance determined a
priori as two-tailed P < 0.05. This study employed a cross-sectional
design utilizing 2021-2023 NHANES data to examine associations
between AGP concentrations and clinically assessed depression,
which may not establish causal relationships due to this study design.

3 Result

3.1 Baseline demographic characteristics of
the participants

As presented in Table 1, our study included 885 women aged
> 20 years, comprising 183 (20.7%) with depression and 702
(79.3%) without depression. The AGP concentrations (0.86 +
0.28) in depression groups were higher than those (0.77 £ 0.24)
in none-depression groups in Figure 2. Mann-Whitney U tests, t-
tests and chi-square tests revealed significant intergroup differences
in multiple variables including socioeconomic status (PIR),
anthropometric measures (BMI), health behaviors (tobacco use
and physical activity), cardiometabolic comorbidities
(hypertension and diabetes), inflammatory markers (AGP
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concentrations), and depressive symptom severity (PHQ-9 scores)
(all P < 0.05).

3.2 Association between AGP
concentrations and depression

The two-dimensional scattered plots between AGP
concentrations and PHQ-9 scores were performed to initially
reveal the potential relationship, this result showed that AGP
concentrations may have a positive relationship with PHQ-9
scores (r = 0.15, P < 0.001) (Figure 3). Therefore, to further
examine the association, the weighed multivariates logistical
regression and linear models and RCS models were used. Table 2
demonstrated the significant association of AGP concentrations
with depression. Each In-unit increase in AGP concentrations was
associated with significantly higher odds of depression across
progressively adjusted models: Model 1 (OR = 2.87, 95%CI: 1.69-
4.86), Model 2 (OR = 2.35, 95%ClL: 1.36-4.06), and Model 3 (OR =
2.04, 95%CI: 1.17-3.57). Consistently, participants in the uppermost
quartile of AGP concentrations demonstrated a significantly
elevated odds ratio for depression relative to those in the lowest
quartile: Model 1 (OR = 2.36, 95%CI: 1.46-3.82), Model 2 (OR =
1.95, 95%CI: 1.18-3.23), and Model 3 (OR = 1.72, 95%CI = 1.03-
2.87). Notably, consistent positive associations were observed
between AGP concentrations and PHQ-9 scores. To further
reveal whether there was a significant linear relationship between
AGP and depression. A trend analysis was used, and our results
showed an increased trend of the odds ratio of depression with AGP
concentrations in three models (all P for trend < 0.05). The RCS
models with three knots [adjusted R2 value was the highest (0.734)
and AIC value was lowest (2167), which suggested that the model in
this condition had the best performance] were performed to further
explore the potential non-linear relationship between AGP
concentrations and depression and PHQ-9 scores. Our results
showed a linear relationship between In-transform AGP and
depression (P for overall = 0.011, P for nonlinear = 0.129) and
the PHQ-9 scores (P for overall = 0.012, P for nonlinear = 0.175),
respectively, which was consistent with our linear trend
analysis (Figure 4).

3.3 Stratified analyses and sensitivity
analyses

To evaluate the stability of the observed relationship between
depression and AGP concentrations, we performed comprehensive
stratified analyses and multivariable sensitivity testing across
clinically relevant subgroups. To control the multiple comparisons
to increase the risk of false positives, we used the method of
Benjamini-Hochberg (BH) to adjust all P-values in stratified
analyses (Supplementary Table S1). Our results of stratified
analyses showed consistent positive associations of AGP
concentrations with depression and PHQ-9 values across specified
demographic and clinical subgroups, such as younger adults (20-34
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TABLE 1 Baseline demographic characteristics of the participants.

Characteristic Total (n = 885), n (%) or  Depression (nh = 183), n (%)  None-depression (n = 702), n (%) P-value

mean (se) or mean (se) or mean (se)
Age ‘ 0.311
20-34 years 412 (46.55) 92 (50.27) 320(46.92)
35-49 years 473 (53.45) 91 (49.73) 382 (53.08)
Race ‘ 0.622
Non- 478 (54.02) 107 (58.46) 371 (54.39)
Hispanic White
Non-Hispanic Black | 113 (12.76) 20 (10.94) 93 (13.63)
Mexican American 74 (8.36) 14 (7.65) 60 (8.79)
Other 220 (24.86) 42 (22.95) 178 (26.09)
Educational levels 0.121
Less than 66 (7.45) 19 (10.38) 47 (6.69)
High-school
High school 133 (15.04) 32 (17.48) 101 (14.38)
College or above 686 (77.51) 132 (72.14) 554 (78.93)
‘ PIR < 0.001
PIR < 1 156 (17.62) 47 (25.68) 109 (15.54)
1<PIR<3 350 (39.54) 91 (49.73) 259 (36.89)
PIR >3 379 (42.84) 45 (24.59) 334 (47.57)
‘ BMI < 0.001
Underweight 14 (1.58) 6 (3.27) 8 (1.13)
Normal weight 259 (29.26) 39 (21.32) 220 (31.33)
Overweight 255 (28.82) 43 (23.49) 212 (30.19)
Obesity 357 (40.34) 95 (51.92) 262 (37.32)
‘ Drinking status ‘ 0.411
Never 69 (7.79) 18 (9.83) 51 (7.26)
Former 70 (7.92) 17 (9.28) 53 (7.56)
Current 746 (84.29) 148 (80.89) 598 (85.18)
‘ Smoking status < 0.001
Never 627 (70.84) 110 (60.10) 517 (73.64)
Former 151 (17.06) 37 (20.23) 114 (16.23)
Current 107 (12.10) 36 (19.67) 71 (10.11)
‘ Physical levels ‘ 0.005
Vigorous 476 (53.78) 79 (43.16) 397 (56.56)
Middle 277 (31.29) 68 (37.17) 209 (29.77)
Other 132 (14.93) 36 (19.67) 96 (13.67)
‘ Hypertension ‘ 0.004
Yes 270 (30.50) 73 (39.89) 197 (28.07)
No 615 (69.50) 110 (60.11) 505 (71.93)
(Continued)
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TABLE 1 Continued

10.3389/fpsyt.2025.1555321

Characteristic Total (n = 885), n (%) or  Depression (nh = 183), n (%) None-depression (n = 702), n (%) P-value
mean (se) or mean (se) or mean (se)

Diabetes 0.008

Yes ‘ 70 (7.90) 24 (13.11) 46 (6.55)

No ‘ 815 (92.10) 159 (86.89) 656 (93.44)

AGP (g/L) <0.001
‘ 0.79 + 025 0.86 + 0.28 ‘ 0.77 + 0.24

PHQ-9 score < 0.001
‘ 572 +538 142 + 430 ‘ 350 +2.79

Categorical variables were presented as percentages, and the chi-square test was used to detect the statistical difference between them. Continuous categorical variables were presented as mean +
se, and the t-test was used to detect the statistical difference in the PHQ-9 scores, and the Mann-Whitney U test was used to detect the statistical difference in the AGP concentrations.

years), non-Hispanic White participants, college-educated
participants, middle-income groups (PIR 1-3), current alcohol
consumers, non-smokers, physically active individuals (vigorous
level), Non-diabetic participants (P < 0.05, adjusted P < 0.05).
Additionally, stratified analyses revealed no significant effect
modification by AGP concentrations on depression (all interaction
P-values > 0.05) (Table 3). To address potential bias from missing
covariates in the association of AGP concentrations with depression,
we employed multiple imputation methods for missing data
handling. The results demonstrated robust stability of the positive
AGP-depression association across all analytical models
(Supplementary Table S2).

3.4 The prognostic value of AGP
concentrations for depression

To evaluate the prognostic capacity of AGP concentrations for
clinical depression diagnosis, the ROC curves were employed to assess
the prognostic capacity of AGP for depression risk prediction. Since the
CRP has been demonstrated it had a great predictive effect on
depression (25-27). Therefore, in our study, the CRP was used to be
an inflammatory biomarker reference. The analytical results
demonstrated that AGP concentrations exhibited superior prognostic
accuracy for depression compared to CRP, as a conventional risk
predictor (AUC: 0.701 vs 0.578, P < 0.001) (Figure 5).

*k

°®

AGP

05

None-depression

Groups by depression

FIGURE 2

Dot plots of AGP concentrations in depression and non-depression groups.
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FIGURE 3
Two-dimensional scattered plots of correlation between AGP concentrations and PHQ-9 score.

TABLE 2 Association between AGP concentrations and depression and PHQ-9 scores.

OR (95% Cl) P-value B (95% Cl) P-value
Crude model (Model 1)
Continuous 2.87 (1.69, 4.86) < 0.001 2.23 (1.15, 3.31) < 0.001
Ql Ref (1.00) Ref (0.00)
Q2 1.45 (0.87, 2.41) 0.144 0.72 (-0.26, 1.72) 0.151
Q3 1.59 (0.96, 2.62) 0.067 1.25 (0.26, 2.25) 0.014
Q4 2.36 (1.46, 3.82) < 0.001 2.05 (1.05, 3.05) < 0.001
P for trend < 0.001 < 0.001
partially adjusted model (Model 2)
Continuous 2.35 (1.36, 4.06) 0.002 1.84 (0.76,2.92) < 0.001
Q1 Ref (1.00) Ref (0.00)
Q2 1.35 (0.81, 2.27) 0.247 0.61 (-0.35, 1.58) 0.212
Q3 1.49 (0.89, 2.49) 0.123 1.14 (0.16, 2.12) 0.022
Q4 1.95 (1.18, 3.23) 0.008 1.65 (0.66, 2.65) 0.001
P for trend 0.008 < 0.001
Fully adjusted model (Model 3)
Continuous 2.04 (1.17, 3.57) 0.011 1.47 (0.37, 2.56) 0.008
Q1 Ref (1.00) Ref (0.00)
Q2 1.27 (0.75, 2.13) 0.368 0.47 (-0.49,1.44) 0.339
Q3 1.36 (0.81, 2.28) 0.242 0.91 (-0.06, 1.90) 0.066
Q4 1.72 (1.03, 2.87) 0.032 1.32 (0.31, 2.34) 0.010
P for trend 0.036 0.006

Reference. Model I, no covariates were adjusted. Model I, age, race, education levels, or PIR were adjusted. Model III, all covariates were adjusted.
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. P for overall = 0.011 P for overall = 0.012
P for nonlinear = 0.129 P for nonlinear = 0.175
o Lr{c;:sp (gL) . o "2 LI;OA‘GP(Q/L)

AlIC adjusted R? values | P-value

Knot 3 2167 0.734 <0.001

Kont 4 2648 0.685 <0.001

Kont 5 2981 0.648 <0.001

Kont 6 3327 0.612 <0.001
FIGURE 4

The linear relationship of In-transformed AGP with depression and the PHQ-9 scores in RCS models. (A) The linear relationship of In-transformed

AGP with the depression risk. (B) The linear relationship of In-transformed AGP with the PHQ-9 scores.

TABLE 3 The associations between ln transform AGP concentrations, depression, and the PHQ-9 scores in subgroups.

Subgroups OR (95% CI) P-value P for interaction 3 (95% Cl) P-value P for interaction
Age 0.695 0.250
20-34 years 2.34 (1.06, 5.14) 0.034 1.99 (0.49, 3.49) 0.009

35-49 years 1.91 (0.82, 4.41) 0.128 0.85 (-0.77, 2.49) 0.303

Race 0.423 0271
Non-Hispanic White 2,66 (1.25, 5.67) 0.011 2.06 (0.56, 3.57) 0.007

Non-Hispanic Black 0.51 (0.09, 2.92) 0.454 -1.45(-4.09, 1.18) 0.282

Mexican American 2.22 (0.42, 9.00) 0.183 3.62 (-1.63, 8.87) 0.181

Other 1.39 (0.44, 4.31) 0.566 0.61 (-1.61, 2.85) 0.589

Educational levels 0.962 0.642
Less than High-school 112 (0.11, 10.65) 0924 -1.88 (-7.47, 3.71) 0.512

High school 2.78 (0.63, 12.23) 0.174 211 (-0.93, 5.16) 0.176

College or above 211 (1.10, 4.03) 0.023 1.47 (0.26, 2.68) 0.017

Poverty index ratio 0.324 0.111
PIR < 1 0.41 (0.12, 1.39) 0.152 -3.74 (-7.09,-0.38) | 0.031

1<PIR<3 5.71 (243, 13.42) <0.001 3.69 (1.85, 5.52) <0.001

PIR > 3 1,50 (0.51, 4.41) 0457 0.94 (-0.42, 2.31) 0.178

BMI 0.861 0.644
Underweight 1.49 (0.25, 7.60) 0.291 0.94 (0.25, 3.76) 0.025

Normal weight 2.10 (0.66, 6.58) 0203 0.56 (-1.31, 2.45) 0.554

Overweight 0.63 (0.18, 2.25) 0.484 0.87 (-1.46, 3.22) 0.463
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TABLE 3 Continued
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Subgroups OR (95% Cl) P-value P for interaction 3 (95% CI) P-value P for interaction
Obesity 2.32 (0.78, 6.83) 0.126 1.09 (-1.29, 3.47) ‘ 0.371

Drinking status 0.643 0.681
Never 1.07 (0.14, 8.09) 0.950 0.46 (-3.92, 4.85) 0.836

Former 0.61 (0.08, 4.58) 0.636 -0.27 (-4.67, 4.12) 0.901

Current 2.94 (1.55, 5.57) < 0.001 2.01 (0.83, 3.18) < 0.001

Smoking status 0.474 0.193
Never 2.13 (1.07, 4.24) 0.031 1.78 (0.54, 3.03) 0.004

Former 0.95 (0.26, 3.46) 0.949 -1.34 (-4.19, 1.51) 0.359

Current 3.48 (0.88, 14.11) 0.067 2.19 (-2.04, 6.44) 0.312

Physical levels 0.089 0.642
Vigorous 2.89 (1.25, 6.68) 0.012 1.51 (0.12, 2.91) 0.033

Middle 1.93 (0.75, 4.95) 0.170 1.57 (-0.54, 3.69) 0.146

Other 1.93 (0.43, 8.66) 0.607 0.44 (-3.21, 4.09) 0.813

Hypertension 0.939 0.654
Yes 2.26 (0.82, 6.21) 0.112 0.98 (-1.46, 3.42) 0.431

No 1.95 (0.99, 3.85) 0.052 1.71 (0.49, 2.91) 0.005

Diabetes 0.856 0.956
Yes 242 (0.53, 15.23) 0.153 3.26 (-2.24, 8.77) 0.252

No 2.08 (1.16, 3.73) 0.013 1.46 (0.33, 2.58) 0.011

Age, race, educational levels, PIR, BMI, drinking status, smoking status, physical levels, hypertension, and diabetes were adjusted in the Model III

4 Discussion

Some epidemiology and animal studies have shown that there is
a close link between inflammation and depression, the levels of
proinflammatory cytokines such as interleukin-1b (IL-1b),

FIGURE 5

The predictive effect of AGP using ROC curves.
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(IL-4), interleukin-10 (IL-10) are higher in patients with depression
(12-16). Inflammatory mediators can affect monoamine
transmitters and cause changes in glutamate neurotransmission,
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glucocorticoid receptor resistance, etc. These molecular mediators
constitute key pathophysiological substrates in depression etiology.
Furthermore, pro-inflammatory cytokines can disrupt neural
circuitry signaling, contributing to neurocognitive dysfunction
and core depressive symptomatology, including persistent
anhedonia and depressed mood (28-31). In addition, some
evidence has supported that some pro-inflammatory factors, such
as IL-1, IL-6, and TNF-a, could increase the synthesis of acute
phase reactant AGP (32). Most present studies mainly focused on
exploring the relationship of IL-1b, IL-2, IL-6, and TNF-a, with
depression. However, the relationship of AGP concentrations with
depression risk is controversial at present.

This cross-sectional study utilized 2021-2023 NHANES data to
examine associations between AGP concentrations and depression.
Multivariable-adjusted analyses, including logistic regression
(categorical depression outcome), linear regression (continuous
PHQ-9 scores), and restricted cubic splines (nonlinear
relationships), consistently demonstrated significant positive
linear associations. These associations remained robust across key
demographic and clinical strata: age groups, racial categories,
educational attainment, PIR tertiles, substance use status
(tobacco/alcohol), physical activity levels, and diabetes status (all
interaction P-values > 0.05).

Although the precise pathophysiological mechanism of the
association between AGP concentrations and depression has not
been elucidated, the underlying mechanism cannot be explained
without the inflammatory and neuroprogressive (IN-PRO)
hypothesis of depression. In this hypothesis, cell-mediated
immune activation and inflammatory pathways and their
consequences or accompanying symptoms are implicated as the
cause of the neuro-progressive process, which in turn can lead
directly to the development of depression (33). AGP gene
expression is controlled by a combination of major regulatory
mediators IL-1, IL-6, and TNF-o. IL-1, IL-6, and TNF-a, on the
other hand, lead to neural progression and depression through their
pathways (33). For example, IL-1 induces depression by decreasing
the mRNA and protein levels of BDNF and NGF, and decreasing
the expression of the neurotrophin TrK receptor in the
hippocampus, affecting the survival of neurons (34). IL-6 leads to
neural progression by promoting astrocyte apoptosis and
contributes to the occurrence of depression (35). TNF-oleads to
neural progression through a variety of pathways such as caspase-
dependent cascades, enhanced glutamate neurotoxicity, or
stimulation of glutamate release from microglia by upregulating
glutaminase and blocking glutamate transporter activity, as well as
silencing cell survival signals, which further leads to the occurrence
of depression (36).

Our results are consistent with the results of BahriniL.et al. (37),
which studied the association of AGP concentrations with
depression in the Middle Eastern and North African populations.
However, our results were different from the results of K. Schmid.
et al. (18), which revealed that the relationship between them was
not statistically significant, the reason may be that K. Schmid’s
research was published earlier and the technology and methods of
AGP detection at that time were not advanced, which induced
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detected AGP concentrations might not represent the real AGP
concentrations in the general population. In addition to this, from a
methodological perspective, the reason for the difference between
our research and K. Schmid’s research may be that the sample size
of K. Schmid’s research was too small and the statistical power was
insufficient to detect the difference.

Some studies have demonstrated that inflammatory factors
such as IL-6 and TNF-o. may be difficult to evaluate in chronic
inflammatory states owing to their rapid pharmacokinetic
characteristics, but AGP demonstrates measurable concentrations
across diverse physiological and pathological conditions owing to
its distinct intermediate pharmacokinetic profile. Thus, AGP was
considered an essential inflammatory marker in acute inflammatory
states, and it may be more sensitive in the examination of
inflammation levels. Our study showed that in terms of predictive
performance, the area under the ROC curve of AGP for depression
was 0.70, which was much larger than the area under the ROC curve
of other inflammatory markers such as CRP (0.58) and HDL-
related inflammation indexes (0.65) (38). This proves that AGP has
good predictive performance and clinical applicability and
application prospects for depression. In addition, some studies
have shown that some patients’ depressive symptoms were also
relieved during the treatment with anti-inflammatory factors (39,
40). The results of our study provide some insights into the anti-
inflammatory treatment of depression by reducing AGP
concentrations and other inflammatory markers. Therefore, in the
following studies, we can try to explore whether drugs that reduce
AGP concentrations can be used to relieve depressive symptoms.

This study possesses several methodological advantages (1):
enhanced population representativeness: utilizing a substantially
larger, nationally representative sample compared to prior studies
(weighted n = 6.31 million), our findings demonstrate superior
generalizability and statistical power (2); standardized biomarker
assessment: AGP concentrations are quantified using standardized
immunoturbidimetric assays performed in CDC-certified
laboratories, ensuring analytical precision superior to
conventional methodologies (3). robust confounding control:
Multivariable adjustment for demographic, behavioral, and
clinical covariates (including age, race/ethnicity, socioeconomic
status, cardiometabolic factors, and lifestyle variables) was
implemented, with sensitivity analyses confirming result stability.

Our study also had certain limitations. Firstly, since AGP data
was presented only in females, the participants included in this
study were only females, and there might be a gender bias. Secondly,
the cross-sectional study design used in this study had its
limitations in that causality could not be determined. It limited
the possibility of establishing a causal relationship between AGP
concentrations and depression risk. Specifically, through the
current study, we cannot determine whether higher AGP
concentrations lead to the development of depression or vice
versa. Thirdly, the study included unadjusted confounders such as
diet, chronic medical conditions, and psychosocial factors, which
may have introduced bias and affected the stability of these results
in this study. Fourthly, this study relied on NHANES data and
lacked an assessment of biological variability in AGP, including
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individual differences and diurnal fluctuations, which may reduce
the generalisability of the conclusions. In addition, longitudinal
follow-up of AGP was lacking in this study to determine whether
changes in AGP concentrations were associated with depression
progression. Consequently, well-designed longitudinal cohort
studies incorporating repeated biomarker measurements,
complemented by Mendelian randomization analyses leveraging
genetic instrumental variables, are warranted to establish causal
inference regarding this association. In addition, some animal
studies are needed to explore the potential biological mechanisms
in this process.

5 Conclusion

In summary, this study demonstrates a significant dose-
dependent relationship between AGP concentrations and
depression in adult women based on the NHANES database. In
the future, more longitudinal and animal studies deserve to further
explore potential biological mechanisms between them.
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