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Abstract

Purpose The albumin-globulin ratio (AGR) influences the development of prostate cancer; however, the relationship
between AGR and prostate-specific antigen (PSA) has not been reported.

Methods This cross-sectional investigation used comprehensive AGR versus PSA data from men with 40 years of
age and older, who participated in the National Health and Nutrition Examination Survey (NHANES) from 2003 to
2010, spanning 4 investigation cycles, as only these cycles contained complete PSA data. To evaluate the nonlinear
relationship between the ARG and PSA level, a regression utilizing smoothed curve fitting (penalized spline approach)
and a generalized additive model (GAM) were employed. A two-segment linear regression model was used to
conduct threshold effect evaluations. Lastly, subgroup analyses were carried out along with interaction tests.

Results This study included 5,376 subjects, whose total serum PSA (mean + standard deviation) was 1.83+3.34,
and its level decreased roughly with increasing quartiles of AGR. In the fully-adjusted model, AGR was negatively
correlated with the likelihood of PSA, and this relationship persisted across subgroups (trend >0.05). The PSA was
characterized by an “L"-shaped curve with an inflection point. On the left side of the inflection point (K=1.32), there
was a negative relationship between AGR and PSA.

Conclusion In the United States, among men over 40 years of age without prostate diseases, AGR demonstrated a
nonlinear relationship with PSA, negatively correlating when AGR was below 1.32.
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Introduction

Prostate cancer is expected to be the second most com-
mon type of cancer and the fifth largest cause of cancer-
related mortality among males by 2020, according to the
World Cancer Statistics [1]. Almost all reputable clini-
cal guidelines from the past few decades have suggested
using prostate-specific antigen (PSA) to identify prostate
cancer [2]. However, PSA is characterized by its high sen-
sitivity and low specificity, which often lead to diagnos-
tic biases [3]. Many factors are known to affect the PSA
level, such as age, prostatitis, certain medications and
prostate size [4].

The albumin-globulin ratio (AGR), as everyone knows,
is calculated by dividing the serum albumin count by
the globulin count [5]. Albumin responds to the nutri-
tional state of human body while globulin responds to
its immunoinflammatory state [6]. There is a significant
controversy around the link between the level of albumin
and PSA. It has been observed that middle-aged males
with a lower serum albumin level have higher PSA read-
ings [7]. Similar to this, a different study found a nonlin-
ear relationship between the level of serum albumin and
PSA, with a negative relationship observed between them
when the serum albumin level was over 41 g [8]. In con-
trast, a cross-sectional study noted that dietary protein
intake was positively associated with an elevated PSA
level when dietary protein intake exceeded a threshold
of 181.8 g [9]. A growing body of research suggests that
immune inflammation plays an important role in the
development of prostate cancer. Previous studies have
shown that platelet-lymphocyte ratio (PLR) seems to
have a higher accuracy in screening for prostate cancer,
which, together with neutrophil-lymphocyte ratio (NLR),
has significant predictive value for the development of
metastatic prostate cancer [10]. However, there is still no
consensus on the relationship between AGR and pros-
tate. It has been noted that a lower level of AGR before
treatment is strongly associated with poorer pathologic
outcomes; AGR may be a reliable serologic marker for
prostate cancer [11]. A retrospective analysis noted that
patients suffering prostate cancer with a lower preopera-
tive AGR level had a worse tumor recurrence-free sur-
vival [12]. However, a meta-analysis of studies noted a
failure to demonstrate a potential predictive role of AGR
in the prognosis of non-metastatic prostate cancer [13].

In conclusion, the purpose of this study was to investi-
gate the relationship between the level of serum AGR and
PSA among American males of over 40, who had non-
prostate cancer.

Methods

Survey description

The National Center for Health Statistics (NCHS) per-
formed the National Health and Nutrition Examination
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Survey (NHANES), a population-based cross-sectional
survey, to gather information about Americans’ health
and nutritional status. It is conducted on a two-year cycle
using complex multi-stage stratified probability sampling;
hence, the study samples are representative.

All NHANES study protocols were approved by the
NCHS Research Ethics Review Board, and each sur-
vey participant provided a signed informed permis-
sion. The public can access all comprehensive NHANES
study designs and data at www.cdc.gov/nchs/nhanes/.
The present investigation adhered to the cross-sec-
tional research reporting criteria and guidelines of the
Strengthening Norms for Reporting Observational Stud-
ies in Epidemiology (STROBE).

Study population

This study is based on 4 NHANES cycles from 2003 to
2010 because only those cycles contains complete PSA
data.

In this analysis, participants with complete PSA and
AGR data were included. The following exclusion crite-
ria were applied to the subjects in this study: (1) age <40
years, (2) lack of complete data on PSA and SII, and (3)
factors affecting PSA (drug use such as 5-ARI, pros-
tate hyperplasia, prostate infections and inflammation,
undergoing prostate biopsy within 1 week, urological
surgeries within 1 month and prostate cancer, etc.).

Definition of AGR and PSA

AGR is calculated using the formula: AGR=serum albu-
min/serum globulin. Serum specimens were processed,
stored under proper refrigeration (2—8 °C), and shipped
to Collaborative Laboratory Services for testing and anal-
yses using the Beckman Synchron LX20 and Beckman
UniCel DxC800° Synchron. In our analyses, the AGR
served as the primary variable for investigation.

The total PSA was measured using the Hybritech PSA
methods for recording serum total PSA concentrations
(ng/mL) and the Beckman access, Department of Labo-
ratory Medicine Immunology. Serum total PSA data was
used as outcome variables in our analyses.

Covariate

Covariates that may influence the relationship between
AGR and PSA were also included in this study, includ-
ing demographic characteristics: age, ethnicity, education
level, body mass index and alcohol use; laboratory indi-
ces: blood urea nitrogen (mmol/L), cholesterol (mg/dL),
glucose, serum (mg/dL), lactate dehydrogenase (U/L),
total bilirubin (mg/dL), triglycerides (mmol/L), serum
uric acid (mg/dL), serum creatinine (mg/dL), alachlor
aminotransferase (U/L) and alanine aminotransferase
(U/L); history of chronic diseases: hypertension (yes/
no), diabetes mellitus (yes/no/critical), coronary artery
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disease (yes/no), angina pectoris (yes/no) and history of
neoplastic diseases (yes/no);

Statistical analysis

This study additionally included covariates that might
have an impact on the link between AGR and PSA. Per-
centages are used to indicate categorical data, while
means and standard deviations are used to express con-
tinuous variables. Using student’s t-tests for continuous
variables or chi-square tests for categorical data, the dif-
ferences among the AGR (quartiles) groups were evalu-
ated. Multiple regression models were used to explore
the relationship between AGR and PSA based on 3 dif-
ferent models. For Model 1, no adjustment was made for
covariates. Model 2 was adjusted for age and race. Model
3 was adjusted for age, race, education, body mass index,
drinking status, urea nitrogen, glutamic oxaloacetic
transaminase, glutamic alanine aminotransferase, choles-
terol, lactate dehydrogenase, total bilirubin, triglycerides,
serum uric acid, serum creatinine, hypertension, dia-
betes mellitus, coronary artery disease, angina pectoris
and history of neoplasia. Building on Model 3, subgroup
studies on the relationship between ARG and PSA were
carried out, utilizing age, BMI, diabetes and hyperten-
sion as stratification factors. In addition, an interaction
test was added to this study as a way to test the hetero-
geneity of the associations among subgroups. The non-
linear connection between the ARG and PSA level was
evaluated using the generalized additive model (GAM)

Total participants from
NHANES 2003-2010
N=41,156

Exclued incomplete data of Pros-
tate specific antigen(PSA)
N=35,138

A

N=6,018

Exclued incomplete data of Albu-
min-globulin ratio
N=26

A

N=5,992
Excluded others data anomalies

and missing data :
Factors affecting PSA N=231
< Laboratory indicators N=35
Body Mass Index (BMI) N=86
Y history of chronic disease N=5
Alcohol use N=259

Final subjects analyzed
N=5,376

Fig. 1 Flow chart for NHANES 2003-2010 sample selection
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regression and smoothed curve fitting (penalized spline
approach). Finally, based on Model 3, the nonlinear rela-
tionship between AGR and PSA was further validated
using a two-stage linear regression model for threshold
effect analyses. p<0.05 was considered statistically sig-
nificant. R version 4.3 and Empower software version 2.0
were used.

Results

Baseline characteristics of participants

In this study, a total of 41,156 participants were initially
recruited. Exclusions were made for missing data on PSA
(35,138 participants), albumin (11), globulin (15), factors
affecting PSA (231), laboratory indices (35), body mass
index (86), chronic diseases (5) and alcohol consumption
history (259). Ultimately, 5,376 eligible individuals aged
over 40 years were included for analyses. The mean age of
these subjects was 59.56 years, with a standard deviation
of 12.54 (Fig. 1). The interquartile range of AGRs 1-4 was
0.26-1.3, 1.30-1.48, 1.48-1.66 and 1.67—4.5 respectively.
The participants had a total serum PSA (mean+standard
deviation) of 1.83+3.34, whose level decreased roughly
with increasing quartiles of AGR (Q1: 2.31+£5.15; Q2:
1.79£2.60; Q3: 1.61£2.36; Q4: 1.63+2.37, P=0.003).
Participants in the lower quartiles of the AGR tended to
exhibit a higher serum total PSA level (Table 1). Higher
AGR levels are primarily associated with the following
characteristics: younger ages, lower levels of ALT, AST,
blood glucose, uric acid, lactate dehydrogenase, creati-
nine, BMI, as well as higher levels of urea nitrogen and
bilirubin. Additionally, higher AGR levels are linked to
a history of cancer, alcohol consumption as well as the
absence of diabetes and hypertension histories.

Relationship between AGR and PSA

A significant negative relationship between AGR and
serum total PSA was observed in models 1 and 2. (Model
1: § =-0.92, 95%CI:-1.23, -0.60; Model 2:  =-0.34, 95%CI:
-0.67, -0.02). Fully multivariate model (Model 3), PSA
levels were reduced by 0.4 (ng/mL) with every 1 unit
increase in AGR. (Model 3:  =-0.40, 95% CI:-0.74, -0.06).
The results showed a negative relationship between AGR
and serum PSA. Additionally, the relationship between
AGR and PSA is stronger compared to other continuous
variables (Supplementary Table 1). To further explore
the relationship between AGR and PSA, we transformed
AGR into categorical variables (quartiles) for analyses.
In the fully-adjusted model, the trend of effect value dif-
ferences among AGR quartiles was non-isometric (Q2:p
=-0.29; Q3:p =-0.34; Q4:p =-0.23)(Table 2). The correla-
tion results suggest that there may be a nonlinear rela-
tionship between the level f AGR and PSA.
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Table 1 Baseline characteristics of participants
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AGR Q1(0.26-1.3) Q2(1.30-1.48) Q3(1.48-1.66) Q4(1.67-4.5)
N=1335 N=1332 N=1322 N=1387

Age, years 62.04+£1253 59.85+12.36 5852+1242 57.87+1248

ALT(U/L) 29.26+23.77 29.08+27.11 2821+£14.38 27.61+£1347

AST(U/L) 30.93+22.55 27.75+£1535 26.83+10.76 2648+847

Blood urea nitrogen (mmol/L) 14.87+£7.80 1454+587 1467 +£5.87 15.07+£541

Cholesterol (mg/dL) 194.54 +44.44 200.52+42.36 200.93+42.82 197.39+40.74

Glucose, serum (mg/dL) 114.85+£5227 110.12£42.79 105.58+37.89 101.10£28.89

Lactate dehydrogenase (U/L) 137.20+35.80 134.68 +42.09 132.02+26.07 131.84+27.01

Bilirubin, total 0.81+£0.32 0.81+0.31 0.84+0.28 0.87+0.30

Triglycerides (mmol/L) 162.60+139.68 171.15+122.62 177.35+132.38 177.07 +£139.01

Uric acid (mg/dL) 6.29+1.51 6.11+£1.34 6.02+1.26 593+1.23

Creatinine (mg/dL) 1.16+0.93 1.05+045 1.02+0.27 1.02+0.26

BM\(kg/mz) 29.28+7.13 2933+£546 2881£5.11 28.02+4.62

PSA(ng/mL) 231+5.15 1.79+£2.60 1.61+£2.36 1.63+£237

Ethnicity, %

Mexican American 21.42% 20.20% 18.46% 10.89%

Other Hispanic 7.79% 7.06% 6.51% 5.05%

Non-Hispanic White 3521% 49.55% 58.85% 74.41%

Non-Hispanic Black 31.99% 20.20% 12.93% 6.63%

Other Races 3.60% 3.00% 3.25% 3.03%

Education level, %

Less than junior high school 22.17% 19.14% 13.62% 10.31%

Middle to high school 19.40% 14.41% 13.62% 10.31%

High school graduate/GED or equivalent 24.12% 22.60% 24.96% 23.29%

Some College or AA degree 21.80% 24.25% 2542% 26.24%

College Graduate or above 12.51% 19.59% 22.39% 29.85%

Diabetes mellitus, %

No 78.20% 80.26% 82.30% 85.00%

Yes 20.07% 17.04% 15.28% 11.90%

Borderline 1.72% 2.70% 2.42% 3.10%

Hypertension, %

No 48.61% 54.88% 5741% 61.72%

Yes 51.39% 45.12% 42.59% 38.28%

Coronary heart disease, %

No 90.26% 90.32% 92.44% 91.35%

Yes 9.74% 9.68% 7.56% 8.65%

Angina, %

No 94.98% 95.50% 95.61% 95.31%

Yes 5.02% 4.50% 4.39% 4.69%

Tumor history, %

No 91.39% 92.64% 92.21% 89.40%

Yes 8.61% 7.36% 7.79% 10.60%

Alcohol use, %

No 20.52% 20.05% 15.96% 15.14%

At least 12 cups per year 79.48% 79.95% 84.04% 84.86%

Unless otherwise indicated, continuous values are shown as the mean+standard deviation (SD)

The population classified as normal weight, overweight, and obese, respectively, had BMIs of <25, 25-29.9, and 230 kg/m2

Nonlinear relationship between AGR and serum total PSA

To further characterize the nonlinear relationship
between AGR and PSA, a smoothed curve was fitted
in this study (Fig. 2). As shown in Fig. 2, there is a non-
linear relationship between AGR and PSA, which was

confirmed by employing a two-stage linear regression
model in this investigation. The findings revealed an
L-shaped connection with an inflection point (K) of 1.32
between AGR and PSA. The relationship between AGR
and PSA was negatively correlated to the left side of the
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Table 2 Relationship between AGR and PSA
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AGR Univariable model (Model 1) Minimally multivariable model (Model 2) Fully multivariate model (Model 3)

B (95% CI) P-value B (95% Cl) P-value B (95% Cl) P-value
Continuous -0.92 (-1.23,-0.60) <0.0001 -0.34 (-0.67,-0.02) 0.0378 -0.40 (-0.74,-0.06) 0.0209
Categories
Q1 Reference Reference Reference
Q2 -0.51 (-0.76,-0.26) <0.0001 -0.28 (-0.53,-0.03) 0.0264 -0.29 (-0.54,-0.04) 0.0246
Q3 -0.70 (-0.95,-0.44) <0.0001 -0.32 (-0.58,-0.07) 0.0117 -0.34 (-0.60, -0.08) 0.0096
Q4 -0.68 (-0.93,-043) <0.0001 -0.21 (-0.46, 0.05) 0.1168 -0.23 (-0.50, 0.04) 0.0900
P for trend <0.000001 0.1417 0.1126

Model 1: variables were not adjusted
Model 2: age and ethnicity adjusted

Model 3: adjusted for Age, ethnicity, Education level, BMI, Blood urea nitrogen, Cholesterol, ALT, AST, Lactate dehydrogenase, Bilirubin, Triglycerides, Blood urea
nitrogen, Creatinine, Glucose, Diabetes mellitus, Hypertension, Coronary heart disease, Angina, Tumor history, Alcohol use

prostate-specific antigen (PSA,ng/mL)

(L L1 | 1IN | ]y il |
1 2

albumin-globulin ratio (AGR

|
T
3 4
)

Fig.2 Relationship between AGR and PSA. a. Each small line segment on the x-axis line represents a sample. b. The red solid line indicates a smooth curve
fit between the variables. The blue dashed line indicates the 95% confidence interval of the fit

inflection point (f= -1.91, 95% CI -2.86, -0.95). Never-
theless, there was no statistically-significant relationship
between AGR and PSA to the right side of the inflection
point (f=0.05, 95% CI -0.38, 0.49). P-value for the log-
likelihood ratio test was less than 0.001(Table 3).

Subgroup analysis

This study conducted subgroup analyses and further
investigated interactions with age, BMI, diabetes as well
as hypertension to determine the stability of the con-
nection between AGR and PSA in various populations.
Apart from participants aged 40 to 49 and those with
diabetes, the relationship between AGR and PSA was
generally negative across all other demographics. In the
subgroups comprising age, BMI, hypertension and diabe-
tes, as illustrated in Fig. 3, the interaction test for the link
between AGR and PSA was not statistically significant

(P>0.05),suggesting that the relationship between AGR
and PSA was independent of age, BMI, hypertension and
diabetes.

Discussion

This study included 5,736 participants from the NHANES
database in a cross-sectional study, and we observed
a nonlinear relationship between AGR and PSA, with
AGR negatively correlated with PSA when AGR values
were lower than 1.32. At the same time, this relationship
remained stable across subgroups of age, BMI, hyperten-
sion and diabetes.

It has been demonstrated that the primary serum pro-
teins albumin (ALB) and globulin (GLB) are linked to
the onset of systemic inflammation. These proteins are
also frequently used to evaluate the nutritional state and
severity of cancerous patients’ sickness [10]. Decreased
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Table 3 Threshold effects between AGR on PSA
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Fully multivariate model

Model 1 B(95% Cl)
P for trend
Breakpoint (K)
B1(<132)
P for trend
B2 (>1.32)
P for trend

Model 2

Logarithmic likelihood ratio test P value

-041 (-0.75,-0.07)
0.0167

132

-1.91 (-2.86,-0.95)
<0.0001

0.05 (-0.38,0.49)
0.8172

<0.001

Model 1: Standard linear model

Model 2: Two-piecewise linear model

B1:regression coefficient, represents the relationship between AGR and PSA to the left of the inflection point (K=1.32)

B2:regression coefficient, Represents the relationship between AGR and PSA to the right of the inflection point (K=1.32)

PSA

Age, years

40-49

50-59

60-69

70-79

>80

BMI (kg/m’)
Normal weight
Overweight
Obese

Diabetes mellitus :
No ket
Yes
Borderline

—o—i
e
—e—
—eo—
o
e
aa

Hypertension
No
Yes

re—t
T T i T
-4 -2 0 2

Fig. 3 Subgroup analysis of the relationship between AGR and PSA

ALB or increased GLB levels are frequently linked to
increased death and recurrence rates in terms of many
cancer types [14, 15]. Consequently, for cancerous
patients, the combined effect of ALB and GLB can offer
an accurate prognostic value [16]. Yakup Bozkaya et al.
retrospectively analyzed patients diagnosed with meta-
static gastric cancer from 2009-2006 and noted that
AGR was an independent predictor of the overall survival
(OS) and progression-free survival (PES) [17]. A retro-
spective investigation revealed that a lower OS was linked
to preoperative AGR<1.43 among patients with meta-
static renal cell carcinoma who had nephrectomy (HR:
1.51,95% CI: 1.23-1.85). A retrospective cohort analysis
study showed that the relationship between AGR and OS
among patients with advanced non-small cell lung cancer

Beta(95% CI) P for interaction
0.2963
0.13 (-0.56, 0.82)
-0.12 (-0.81, 0.56)
-0.33 (-1.02, 0.37)
-0.75 (-1.56, 0.06)
-1.01 (-2.04, 0.03)
0.5417
-0.21 (-0.84, 0.41)
-0.24 (-0.77, 0.29)
-0.64 (-1.24,-0.03)
0.6148
-0.45 (-0.82,-0.08)
0.02 (-0.85, 0.88)
-0.40 (-2.83,2.02)
0.4492
-0.28 (-0.72, 0.16)
-0.52 (-1.01, -0.03)

(NSCLC) treated with amrlotinib was nonlinear; while
higher AGR levels were an independent protective fac-
tor for OS among patients with advanced NSCLC treated
with amrlotinib [18]. A retrospective analysis made by
Basem N Azab et al. indicated that the pretreatment AGR
level was a significant predictor of mortality for patients
with breast cancer [19]. In our study, a significant nega-
tive relationship was demonstrated between AGR and
serum total PSA, with the PSA level decreasing by 0.4
(ng/mL) with every 1 unit increase in the AGR of a fully-
adjusted covariate model. After fitting the smoothed
curve, we found an L-shaped relationship between AGR
and PSA with an inflection point (K) of 1.32. To the left
side of the inflection point, there was a negative relation-
ship between AGR and PSA. In summary, lower levels
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of AGR values are associated with higher levels of PSA.
Previous studies also supported our results, as Zhongyou
Xia et al. noted that a low AGR level before treatment
was associated with a poorer OS, cancer-specific survival
(CSS), recurrence-free survival (RFS), PFS and biochemi-
cal recurrence-free survival (BRFS) in terms of urologic
cancers [5]. AGR is used as a noninvasive, effective and
cost-effective marker to predict the prognosis of patients
with urologic cancers [5]. An analysis of data from a large
multicenter Korean institution showed that lower AGR
levels were strongly associated with poorer pathologi-
cal outcomes; AGR may be a useful serological marker
for further predicting the poor pathological outcomes of
patients with non-metastatic PCA [11].

The mechanisms associated with low AGR levels and
tumor development are unclear. Some studies have
pointed out that serum albumin and globulin respond
to the body’s nutritional and immune-inflammatory sta-
tus respectively [20]. The albumin-to-globulin ratio is
more reflective of the physiologic and pathologic state
of the body. Albumin is closely related to the globulin
level. When the body is in an inflammatory state, cyto-
kines associated with the inflammatory response inhibit
albumin synthesis [20]. At the same time, inflammation
can cause changes in the permeability of blood vessels,
and serum albumin can then leak through blood ves-
sels into the intercellular matrix, resulting in lower levels
[17]. Moreover, research findings indicate that the serum
albumin level serves as an indicator of inflammation
severity [21]. When immune cells become activated as a
result of inflammation, they generate an increased quan-
tity of cytokines, consequently causing a transition in the
liver’s protein synthesis from the production of albumin
towards that of other acute-phase proteins [21]. In addi-
tion to this, the chronic inflammatory state is thought to
produce an inflammatory microenvironment that pre-
disposes individuals to cancers [22], and inflammatory
substances secreted by cells in such an inflammatory
microenvironment can induce cancer cell proliferation as
well as survival, thereby promoting cancer metastasis and
angiogenesis [23]. The specific mechanism still needs to
be verified by a large number of basic experiments.

This study has the following advantages. First of all,
NHANES data served as the foundation for our investi-
gation, and the large number of samples obtained were
analyzed to provide a scientific basis for quantifying the
relationship between PSA and AGR. Thirdly, based on
previous studies and biological indicators that may affect
PSA, this study incorporated as many confounders as
possible to ensure more reliable results. The smoothed
curve fitting model was utilized to confirm the nonlin-
ear relationship between PSA and AGR, and the thresh-
old analysis was employed to validate the AGR threshold
level.
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However, this study has some limitations, which may
affect its results. First of all, because this study was
based on a cross-sectional design, it was not possible to
determine a causal relationship between AGR and PSA.
Although we observed an association between them, the
influence of reverse causality or other potential covari-
ates could not be ruled out. Secondly, the NHANES study
population was limited to Americans, so the generalis-
ability of our results was geographically limited. Thirdly,
41,156 participants were initially included in this study,
and the final retained 5,376 samples were rigorously
screened. Although the above screening ensured data
integrity, it might have also resulted in less representa-
tive samples, limiting the extrapolation of results. Finally,
although we controlled for many covariates in our mul-
tivariate regression models, there might still be unmea-
sured or unknown covariates that affected the accuracy
of the results.

Conclusion
This study demonstrated a significant non-linear rela-
tionship between AGR and PSA among men aged over 40
years in the United States who were free of prostate dis-
eases, with a negative relationship, particularly at AGRs
of below 1.32. This finding suggests that a low AGR may
be associated with higher PSA levels. However, because
the cross-sectional design of this study limits the confir-
mation of causality, more prospective research and clini-
cal trials are needed in the future to validate these results,
as well as to explore the specific mechanisms linking
AGR to prostate cancer development and progression.
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