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Background: Hypoalbuminemia has been proven to be an independent risk factor for poor prognosis in sepsis. This study attempts to
provide a better understanding of the differences in sepsis-related hypoalbuminemia to facilitate efficient identification of high-risk
patients by clinicians.

Methods: We collected and analyzed data on 1827 patients with sepsis from the intensive care unit (ICU) retrospectively. Based on
their serum albumin levels, the patients were classified into two groups: hypoalbuminemia (n=1405) and non-hypoalbuminemia
(n=422). The pathogens were identified based on the results of the blood cultures. We conducted propensity score matching (PSM) to
balance baseline characteristics across pathogen groups and minimize confounding factors.

Results: Fourteen species of the most frequently detected pathogens were identified based on blood culture results from patients with
sepsis. Eight species of pathogens, including Candida, Klebsiella, Acinetobacter baumannii, Staphylococcus, Pseudomonas,
Streptococcus, Enterococcus, and Escherichia coli, caused a significantly higher risk of developing hypoalbuminemia than other
pathogen infections, all with statistical differences (p<0.05). Restricted cubic spline (RCS) analysis showed a U- or L-shaped
relationship between serum albumin levels and 28-day all-cause mortality, with critical values that differed across the different
species of pathogens. The L-shaped forms of Candida, Staphylococcus, Enterococcus, and Escherichia coli had albumin cut-off values
of 30.36 g/L, 32.27 g/L, 30.46 g/L, and 30.95 g/L, respectively. While Bacteroides fragilis exhibited a U-shaped relationship with
albumin cut-off values of 33.41 g/L and 39.42 g/L.

Conclusion: Our findings highlight the significance of meticulous surveillance of serum albumin levels in septic patients exposed to
different species of pathogens. It is essential to pay attention to the pathogen-specific albumin threshold, not only for the efficient
identification of high-risk patients, but also for prompt therapeutic interventions that can improve patient prognosis.
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Background

Sepsis, as defined by the 2016 update to the International Consensus Definitions for Sepsis (Sepsis-3.0), is characterized
as a dysregulated host response to infection resulting in life-threatening tissue hypoperfusion and organ dysfunction, and
it is one of the most common critical diseases in intensive care unit(ICU), with high morbidity and mortality."* It is
a well-established fact that albumin is the most abundant circulating protein, accounting for approximately 70% of the
plasma’s oncotic power. This molecule also participates in many other biological functions, including binding, transport,
and detoxification of endogenous and exogenous compounds, antioxidation, and modulation of inflammatory and
immune responses.” In critical illnesses, such as sepsis and severe trauma, the permeability of the vascular wall increases.
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The transendothelial escape of serum albumin contributes to hypoalbuminemia and edema formation.*
Hypoalbuminemia, whether direct or indirect, will weaken the protective effects on the body, aggravate the condition
of patients with sepsis, increase the risk of complications, such as multiple organ dysfunction syndrome, and then result
in poor prognosis of patients. As studies have demonstrated that critically ill patients with hypoalbuminemia upon
admission have a significantly longer ICU length of stay and higher mortality.”° In clinical practice, hypoalbuminemia
was defined as serum albumin levels of less than 35 g/L. Increasing or decreasing serum albumin levels are adequate
indicators, respectively, of improvement or deterioration of the clinical state.”* Thus, serum albumin level serves as a key
prognostic biomarker in sepsis, enabling early identification of high-risk patients and timely intervention, thereby
improving patient prognosis.

However, there is still controversy in albumin administration as a therapeutic option for sepsis. This is largely due to
a lack of research on hypoalbuminemia caused by specific pathogen species, which is an important gap in knowledge. In
regard to the present clinical concern, we conducted this study retrospectively to explore the association between
hypoalbuminemia and the most frequently detected pathogens in our local area. Of the total fourteen species of
pathogens, eight species of pathogens, including Candida, Klebsiella, Acinetobacter baumannii (A. baumannii),
Staphylococcus, Pseudomonas, Streptococcus, Enterococcus, and Escherichia coli exhibited a considerably higher risk
of developing hypoalbuminemia compared to those caused by other pathogens. Subsequently, propensity-matched
populations were analyzed to investigate the relationship between various pathogens and hypoalbuminemia, with distinct
models and threshold values established for hypoalbuminemia caused by each specific pathogen. For this scenario, this
study provides sufficient microbial species, establishing a foundation for examining pathogen-specific albumin altera-
tions. We also endeavor to address this part of the research gap by evaluating hypoalbuminemia across different
pathogens, with the objective of optimizing albumin therapy for septic patients infected with different pathogens.

Patients and Methods
Study Design and Population

We collected patients diagnosed with sepsis in the intensive care unit (ICU) of Wuhan Tongji Hospital between
January 2008 and June 2025, adhering to the STROBE guidelines. The study was approved by the Ethics Committee
of Tongji Hospital (No. TJ-IRB20250057). All procedures were performed in accordance with the Declaration of

Helsinki. The flow chart for patient enrollment is shown in Figure 1.

Data Collection

Clinical information was obtained from all patients, including baseline characteristics (age, sex, medical status), vital
signs, and laboratory indicators, as well as SOFA (Sequential Organ Failure Assessment) scores on admission to the ICU.
Hypoalbuminemia was defined as serum albumin content<35g/L. Based on their serum albumin levels, the patients were
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Excluded:
A total of 13477 septic patients 1. Patients<18 years(n=2563)
infected with specific pathogens | 2. Patients with multiple pathogen infections(n=3721)
3. Patients with other conditions that cause hypoalbuminemia or
have preexisting conditions that may reduce albumin(n=2264)
4. Patients with end-stage chronic renal failure(n=343)
5. Patients with severe heart failure(n=422)
6. Patients with pregnancy(n=1201)
1910 patients were enrolled 7. Patients received out-of-hospital albumin
supplementation(n=657)
8. Patients with more than 20% missing values(n=396)
Y
Excluded:
1827 patients were included in the final study » 1. Patients whose hospital stays were less than 24 hours(n=21)
2. Patients without blood culture results(n=62)
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Figure | A flow diagram of patient enroliment.

classified into two groups: hypoalbuminemia (n=1405) and non-hypoalbuminemia (n=422). The pathogens were identi-
fied based on the results of the blood cultures in this study.

Definition
The diagnosis of sepsis was determined according to the “Third International Consensus Definition for Sepsis and Septic

Shock™ (ie, sepsis-3.0). Sepsis is defined as life-threatening organ dysfunction resulting from a dysregulated host
response to infection. An increase in the SOFA score of >2 was defined as organ dysfunction. Septic shock was defined
as severe circulatory and cellular metabolic abnormalities in addition to sepsis requiring the use of vasoactive agents to
maintain mean arterial pressure >65mmHg and blood lactate>2mmol/L despite adequate fluid resuscitation.! The
inclusion criteria were: (1) age >18 years; (2) The presence of pathogenic pathogens was confirmed by blood culture;
(3) hospital stay >24 hours.

Patients were excluded according to the following exclusion criteria: (1) infection with multiple pathogens or the
results of microbial culture were contaminated by other microorganisms;’ (2) other conditions that cause hypoalbumi-
nemia or have preexisting conditions that may reduce albumin, including liver diseases (acute and chronic hepatitis,
severe hepatitis, cirrhosis, liver cancer, etc)., protein loss (including nephrotic syndrome, gastrointestinal ulcer, inflam-
matory bowel disease, extensive burns, trauma, etc)., chronic wasting diseases (malignant tumor, tuberculosis, etc.) and
autoimmune diseases (systemic lupus erythematosus, etc.) or hyperthyroidism and radiotherapy or chemotherapy within
the previous three months; (3) end-stage chronic renal failure; (4) severe heart failure; (5) pregnant patients; (6) out-of-

hospital albumin supplementation; (7) more than 20% missing values.

Outcome
The primary outcome was the incidence of hypoalbuminemia across various pathogens. The secondary outcome was 28-

day all-cause mortality.
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Statistical Analysis
SPSS 25.0 and R 4.4.2 were used to perform the statistical analysis of the data in this study. Data following a normal
distribution were expressed as the mean + standard deviation (mean + SD) and analyzed using one-way ANOVA or
Student’s #-test. The measurement data for the non-normal distribution were expressed as median (interquartile range)
[M(IQR)] and the rank-sum test (Mann—Whitney U-test) was used to analyze the data. Qualitative data were expressed as
examples or percentages and analyzed by chi-square test. Statistical significance was indicated by p<0.05 (two-sided).
To rule out other potential causes of hypoalbuminemia, we used the nearest neighbor matching method from
propensity score matching (PSM) to match the baseline data of groups infected with different pathogens. We used
a caliper value of 0.2 to determine the association between different pathogens and hypoalbuminemia. Kaplan-Meier
curves were used to create survival plots. Multivariate Cox proportional hazards models were applied to assess the
relationship between hypoalbuminemia and 28-day mortality. Restricted cubic splines (RCS) were constructed to assess
the association between albumin content and 28-day all-cause mortality.

Results

Demographic and Baseline Characteristics

A total of 13,477 patients with confirmed sepsis and a specific pathogen were collected on the basis of inclusion criteria,
11,650 patients were excluded on the basis of exclusion criteria, and finally, 1827 patients were included. Figure 1 shows
the flow chart for patient enrollment.

Of'the 1827 patients with sepsis, 1405 had hypoalbuminemia (serum albumin <35g/L), while 422 had non-hypoalbuminemia
(serum albumin >35g/L). We found that patients with hypoalbuminemia were older, more susceptible to congestive heart failure
and diabetes, and more likely to progress to septic shock with higher mortality rates (p<0.001, respectively).

The five most commonly detected pathogens were Staphylococcus (578 cases), Escherichia coli (454 cases), Klebsiella
(233 cases), Bacteroides fragilis (133 cases) and Candida (105 cases). However, the most frequent incidence of hypoalbu-
minemia was associated with infections caused by A. baumannii 92.1% (p=0.025), followed by Candida (87.6%, p=0.007),
Klebsiella (87.6%, p<0.001), Serratia (87.5%, p<0.001), Escherichia coli (81.9%, p=0.003), Staphylococcus (69.6%,
p<0.001) and Bacteroides fragilis (58.6%, p<0.001)(Table 1). Baseline characteristics of the septic patients including
age, gender, disease severity and clinical outcomes based on serum albumin level are shown in Table 1.

Table I Demographic and Clinical Characteristics of Patients with Sepsis

Variables Total (n=1827) | ALB<35g/L (n=1405) | ALB>35g/L (n = 422) p
Age (Years), (Mean1SD)? 55.10+20.81 57.96+19.07 45.57+23.37 <0.001
Gender®
Male, n(%) 1062(58.13) 801(57.01) 261(61.85) 0.081
Female, n(%) 765(41.87) 604(42.99) 161(38.15)
Medical conditions®
Myocardial infarct, n(%) 27(1.48) 23(1.64) 4(0.95) 0.304
Congestive heart failure, n(%) 151(8.26) 139(9.89) 12(2.84) <0.001
Chronic pulmonary disease, n(%) 126(6.90) 95(6.76) 31(7.35) 0.678
Diabetes, n(%) 301(16.48) 257(18.29) 44(10.43) <0.001
Hypertension, n(%) 306(16.75) 236(16.80) 70(16.59) 0.92
Lab parameters®
WBC x10°/L 12.31+11.87 12.70£12.77 10.71£7.29 <0.001
RBC x10'%/L 3.69+0.88 3.56+0.88 4.08+0.80 <0.001
PLT x10°/L 176.23+128.21 161.18+123.88 229.68+127.7 <0.001
ALT (U/L) 77.40+232.60 82.48+247.93 63.33+241.24 0.165
AST (U/L) 114.54+427.30 119.21+404.29 85.17+463.82 0.144
Bilirubin (umol/L) 29.12+48.60 32.21+51.94 20.98+35.25 <0.001
Creatinine (umol/L) 115.51+130.16 126.18+138.85 76.47+77.98 <0.001
(Continued)
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Table | (Continued).

Variables Total (n=1827) | ALB<35g/L (n=1405) | ALB>35g/L (n=422) p
Pathogensb

Bacteroides fragilis, n(%) 133(7.28) 78(5.55) 55(13.03) <0.001
Candida, n(%) 105(5.74) 92(6.55) 13(3.08) 0.007
Klebsiella, n(%) 233(12.75) 204(14.52) 29(6.87) <0.001
A. baumannii, n(%) 38(2.08) 35(2.49) 3(0.71) 0.025
Staphylococcus, n(%) 578(31.64) 402(28.61) 176(41.71) <0.001
Pseudomonas, n(%) 61(3.34) 49(3.49) 12(2.84) 0.529
Proteus, n(%) 6(0.33) 4(0.28) 2(0.47) 0.551
Streptococcus, n(%) 80(4.38) 60(4.27) 20(4.74) 0.68
Enterococcus, n(%) 78(4.27) 64(4.56) 14(3.32) 0.27
Enterobacter, n(%) 18(0.99) 15(1.07) 3(0.71) 0515
Escherichia coli, n(%) 454(24.85) 372(26.48) 82(19.43) 0.003
Burkholderia, n(%) 11(0.60) 8(0.57) 3(0.71) 0.742
Salmonella, n(%) 24(1.31) 15(1.07) 9(2.13) 0.092
Serratia, n(%) 8(0.44) 7(0.50) 1(0.24) 0.476
Septic shock, n(%) 463(25.34) 422(30.04) 41(9.72) <0.001
Mechanical ventilation, n(%) 319(17.46) 291(20.71) 28(6.64) <0.001
Mortality®

28-day death, n(%) 280(15.33) 254(18.08) 26(6.16) <0.001
In hospital death, n(%) 127(6.95) 114(8.11) 13(3.08) <0.001

Notes: “Data expressed as meansstandard deviation. ®Data are expressed as number (percentage) [n (%)]. P-values were calculated
between hypoalbuminemia and non-hypoalbuminemia patients by Mann—Whitney U-test or Fisher’s exact test. Bold values were p<0.05.
Abbreviations: ALB, albumin; WBC, white blood cells; RBC, red blood cells; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; A. baumannii, Acinetobacter baumannii.

Hypoalbuminemia Is an Independent Risk Factor for Sepsis-Related Mortality
Both univariate and multivariate analyses were performed to identify risk factors associated with 28-day all-cause
mortality. As shown in Table 2, there was a significant difference between the hypoalbuminemia group and the non-
hypoalbuminemia group (p<0.001). To investigate the association between serum albumin content and 28-day all-
cause mortality, Cox proportional hazards models were used to analyze the association between hypoalbuminemia
and 28-day all-cause mortality in all patients. Multivariate Cox regression analysis revealed that hypoalbuminemia
was an independent risk factor for 28-day mortality (hazard ratio [HR]=1.72, 95% confidence interval [CI]=1.14-
-2.61, p=0.01; Table 2).

A subsequent Kaplan-Meier analysis of the patients showed a significantly increased risk of 28-day mortality among
patients with hypoalbuminemia as compared with those without hypoalbuminemia (log-rank p<0.001, Figure 2).

Table 2 Univariate and Multivariate Associations of Hypoproteinemia with 28-Day All-Cause Mortality in

All Patients
Outcome Albumin level(g/L) n Univariable Models Multivariable Models
HR (95% CI) P HR (95% CI) P!
Death from all cause ALB=35 422 1.00 (reference)
ALB<35 1405 2.57(1.72-3.85) | <0.001 | 1.72(1.14-2.61) 0.01

Note: Bold values were p<0.05.
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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Figure 2 The 28-day survival rate of sepsis patients with and without hypoalbuminemia. Accumulated survival probabilities were compared between the hypoalbuminemia
and non-hypoalbuminemia groups. A significant difference in survival rates was observed between the two groups at the end of the 28-day period (p<0.001).

The Incidence of Hypoalbuminemia Differs Among Different Species of Pathogen
Infections
We analyzed the proportion of hypoalbuminemia in sepsis patients infected with different pathogens. Multivariate
logistic regression was utilized to evaluate the independent impact of particular pathogens on serum albumin in patients
with sepsis. The incidence of hypoalbuminemia in patients infected with fourteen different species of pathogens was as
follows: A. baumannii (92.1%), Candida (87.6%), Klebsiella (87.6%), Serratia (87.5%), Enterobacter (83.3%),
Enterococcus (82.1%), Escherichia coli (81.9%), Pseudomonas (80.3%), Streptococcus (75.0%), Burkholderia
(72.7%), Staphylococcus (69.6%), Proteus (66.7%), Salmonella (62.5%), and Bacteroides fragilis (58.6%), respectively.
As shown in Figure 3, there were significant differences in the proportion of patients with hypoalbuminemia among
patients infected with different pathogens.

A Mann—Whitney U-test was performed to determine whether 14 different species of pathogens could cause different
levels of serum albumin. The serum albumin levels differ across the different pathogens, as shown in Table 3 (p<0.001).

Eight Species of Pathogen Infections Significantly Predict the Risk of Hypoalbuminemia
We used a multivariate binary logistic regression model to figure out the risk of hypoalbuminemia. After adjusting for
confounding factors, such as age, comorbidities, septic shock, and the use of mechanical ventilation, we found that eight
species of pathogens, including Candida (OR, 4.07; 95% CI, 2.00-8.27; p<0.001), Klebsiella (OR, 3.76; 95% CI,
2.17-6.51; p<0.001), A. baumannii (OR, 4.73; 95% CI, 1.33-16.82; p=0.016), Staphylococcus (OR, 1.88; 95% CI,
1.24-2.85; p=0.003), Pseudomonas (OR, 2.63; 95% CI, 1.22-5.66; p=0.013), Streptococcus (OR, 2.04; 95% CI,
1.08-3.88; p=0.029), Enterococcus (OR, 2.64; 95% CI, 1.30-5.39; p=0.007), Escherichia coli (OR, 2.22; 95% CI,
1.41-3.49; p=0.001) had a significantly increased risk of hypoalbuminemia (Figure 4). Additional potential confounders
were added by stepwise selection.

To rule out the possibility of hypoalbuminemia due to other factors during infection, we used propensity-matched
populations (as detailed in the statistical analysis) to predict the risk of hypoalbuminemia for different pathogen species
(Table 4).

Analysis of a multivariate binary logistic regression model confirmed that the following eight species of pathogens
had a higher risk of hypoalbuminemia than others: Candida, Klebsiella, A. baumannii, Staphylococcus, Pseudomonas,
Streptococcus, Enterococcus, and Escherichia coli (Table 5).
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Candida Klebsiella Baumannii Staphylococcus Pseudomonas

87.60% 87.60% 92.10% 69.60% 80.30%

Proteus Streptococcus Enterococcus Enterobacteriaceae Escherichia Coli

66.70% 82.10% 83.30%

Bacteroides fragilis Salmonella Serratia Burkholderia

= ALB<35¢g/L

= ALB>35g/L

8.60% 62.50% 87.50%

Figure 3 The incidence of hypoalbuminemia varies among patients with sepsis caused by different pathogens. The pie charts illustrated a significant variation in the incidence
of hypoalbuminemia among patients infected with 14 different pathogens.

Pathogen-Specific Hypoalbuminemia Leads to Distinct Models of Mortality Hazard Ratios
Based on RCS of the multivariate Cox proportional hazards model, we further examined the specific relationship between
hypoalbuminemia and 28-day all-cause mortality among patients with different pathogens. After adjusting for age and

Table 3 The Ranges of Hypoalbuminemia Induced by
Different Pathogens

Pathogens Patients(n) | ALB (g/L), Median (IQR)
Bacteroides fragilis 133 33.50(29.75, 40.25)
Candida 105 30.30(25.75, 32.80)
Klebsiella 233 30.40(26.75, 33.85)
A. baumannii 38 27.95(23.88, 30.88)
Staphylococcus 578 32.35(27.78, 37.13)
Pseudomonas 6l 30.30(26.90, 34.70)
Proteus 6 32.85(28.63, 38.80)
Streptococcus 80 33.15(29.28, 36.40)
Enterococcus 78 30.55(25.10, 34.40)
Enterobacter 18 29.40(25.65, 34.23)
Escherichia coli 454 31.00(27.48, 34.00)
Burkholderia I 29.70(24.00, 37.00)
Salmonella 24 34.20(32.4, 39.18)
Serratia 8 31.90(28.28, 34.08)

Abbreviations: ALB, albumin; IQR, interquartile range.
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Characteristics p HR (95% CI)
Candida <0.001 | 4.07 (2.00 to 8.27)
Klebsiella <0.001 E 3.76 (2.17 t0 6.51)
Baumannii 0.016 : 4.73 (1.33 to 16.82)
Staphylococcus 0.003 E —_— 1.88 (1.24 t0 2.85)
Pseudomonas 0.013 5 = 2.63 (1.22 to 5.66)
Proteus 0.970 L 1.04 (0.16 to 6.69)
Streptococcus 0.029 E - 2.04 (1.08 to 3.88)
Enterococcus 0.007 : - > 2.64 (1.30 to 5.39)
Enterobacteriaceae 0.161 : = 2.62 (0.68 to 10.11)
Escherichia coli 0.001 E 2.22 (1.41 to 3.49)
Burkholderia 0.318 : L 2.08 (0.49 to 8.73)
Salmonella 0.239 : = 1.75 (0.69 to 4.46)
Serratia 0.198 : 4.12 (0.48 to 35.49)
Bacteroides fragilis NA 5 Ref
Age <0.001 :r 1.02 (1.02 to 1.03)
Congestive heart-failure 0.015 : . 2.19 (1.17 to 4.11)
Diabetes 0.435 —E—-— 1.16 (0.80 to 1.68)
Septic shock <0.001 E 2.35 (1.62 to 3.40)
Mechanical Ventilation  0.002 : 2.01 (1.29t0 3.12)
051 2 3

v

AlbuminZSSQ/L Albumin<35g/L

Figure 4 The multivariate-adjusted correlation between specific pathogens and the incidence of hypoalbuminemia. Bacteroides fragilis was set as the reference pathogen
indicated in the colored context.
Abbreviations: Cl, confidence interval; OR, odds ratio; NA, not available; Ref, reference.

other confounding factors, RCS analysis revealed that Candida, Staphylococcus, Enterococcus, and Escherichia coli
exhibited an L-shaped curve. The albumin cut-off values were 30.36 g/L, 32.27 g/L, 30.46 g/L, and 30.95 g/L, suggesting
that the mortality risk decreased with increasing albumin levels. The slope was steep when the albumin level was
extremely low and was stable when the albumin level was increased. Whereas Bacteroides fragilis showed a U-shaped
relationship with albumin cut-off values of 33.41 g/L and 39.42 g/L, indicating that the mortality hazard ratio decreased
with increasing albumin levels and then increased with continued increases in albumin levels (Figure 5).

Discussion

This is the first study to explore distinctions in sepsis-related hypoalbuminemia across different species of pathogens. On
the one hand, albumin can bind to and neutralize bacterial toxins, thereby reducing the damage they would otherwise
cause to the host body.'® ' On the other hand, its antioxidant and anti-inflammatory effects help alleviate oxidative stress
and an excessive inflammatory response in sepsis, thus protecting tissues and organs.'*'* Whether directly or indirectly,
the mechanism behind infection-induced hypoalbuminemia is complex and involves a dysregulated inflammatory
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Table 4 The Characteristics of Patients in the Propensity-Matched Population

A

Variables Bacteroides Candida, pl Bacteroides Klebsiella, p2
fragilis, n=126 n=76 fragilis, n=132 n=120

Age(Years), (MeantSD)? 51.6+22.7 54.6122.2 0.356 52.1+22.6 55.1+20.4 0.27

Gender® 0.186 0716

Male, n (%) 78(61.90) 54(71.05) 84(63.64) 79(65.83)

Female, n (%) 48(38.10) 22(28.95) 48(36.36) 41(34.17)

Medical conditions”

Myocardial infarct, n (%) 0(0) 0(0) / 2(1.52) 5(4.17) 0.263

Congestive heart failure, n (%) 8(6.35) 11(14.47) 0.055 10(7.58) 14(11.67) 0.269

Chronic pulmonary disease, n (%) 7(5.56) 1(1.32) 0.263 11(8.33) 6(5.00) 0.292

Diabetes, n (%) 11(8.73) 11(14.47) 0.204 12(9.09) 11(9.17) 0.983

Hypertension, n (%) 11(8.73) 5(6.58) 0.583 12(9.09) 10(8.33) 0.831

Septic Shock, n (%) 23(18.25) 14(18.42) 0.976 23(17.42) 27(22.50) 0.313

Mechanical ventilation, n (%) 18(14.29) 1(1.32) 0.002 19(14.39) 21(17.5) 0.5

B

Variables Bacteroides Baumannii, p3 Bacteroides Staphylococcus, | p4
fragilis, n=133 n=38 fragilis, n=128 n=126

Age(Years), (MeantSD)* 524226 60£17.2 0.019 50.9£22.1 49.4+22.1 0.594

Gender® 0.556 0.972

Male, n(%) 84(63.16) 22((57.89) 81(63.28) 80(63.49)

Female, n(%) 49(36.84) 16(42.11) 47(36.72) 46(36.51)

Medical conditions®

Myocardial infarct, n(%) 2(1.50) 0(0) | 1(0.78) 1(0.79) |

Congestive heart failure, n(%) 10(7.52) 3(7.89) | 6(4.69) 7(5.56) 0.754

Chronic pulmonary disease, n(%) 12(9.02) 0(0) 0.071 10(7.81) 2(1.59) 0.034

Diabetes, n(%) 12(9.02) 3(7.89) | 12(9.38) 14(11.11) 0.648

Hypertension, n(%) 12(9.02) 3(7.89) | 12(9.38) 16(16.70) 0.398

Septic Shock, n(%) 23(17.29) 18(47.37) <0.001 20(15.63) 28(22.22) 0.179

Mechanical ventilation, n(%) 19(14.29) 19(50.00) <0.001 17(13.28) 21(16.67) 0.449

C

Variables Bacteroides Pseudomonas, | p5 Bacteroides Streptococcus, p6
fragilis, n=115 n=53 fragilis, n=121 n=72

Age(Years), (MeanzSD)? 48.7+22.1 50.3£21.5 0.668 50.9+23 53.5+183 0.409

Gender® 0.438 0.363

Male, n (%) 71(61.74) 36(67.92) 71(58.68) 47(65.28)

Female, n (%) 44(38.26) 17(32.08) 50(41.32) 25(34.72)

Medical conditions®

Myocardial infarct, n (%) 2(1.74) 0(0) | 1(0.83) 1(1.39) |

Congestive heart failure, n (%) 9(7.83) 7(13.21) 0.269 1(0.83) 1(1.39) |

Chronic pulmonary disease, n (%) 7(6.09) 4(7.55) 0.743 11(9.09) 7(9.72) 0.884

Diabetes, n (%) 8(6.96) 5(9.43) 0.577 12(9.92) 7(9.72) 0.965

Hypertension, n (%) 1(0.87) 1(1.89) 0.533 11(9.09) 8(l11.11) 0.649

Septic Shock, n (%) 20(17.39) 14(26.42) 0.176 17(14.05) 11(15.28) 0.815

Mechanical ventilation, n (%) 15(13.04) 14(26.42) 0.033 14(11.57) 11(15.28) 0.458

(Continued)
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Table 4 (Continued).

D

Variables Bacteroides Enterococcus, | p7 Bacteroides Escherichia coli, | p8
fragilis, n=129 n=67 fragilis, n=132 n=117

Age(Years), (MeanxSD)* 51.84£22.3 54.3£21.7 0.445 52.1%£22.50 56.7£19.1 0.086

Gender 0.77 0.24

Male, n (%) 82(63.57) 44(65.67) 83(62.88) 65(55.56)

Female, n (%) 47(36.43) 23((34.33) 49(37.12) 52(44.44)

Medical conditions®

Myocardial infarct, n (%) 2(1.55) 1(1.49) | 2(1.52) 1(0.85) |

Congestive heart failure, n (%) 9(6.98) 10(14.93) 0.074 10(7.58) 10(8.55) 0.778

Chronic pulmonary disease, n (%) 10(7.75) 5(7.46) 0.942 12(9.09) 17(14.53) 0.182

Diabetes, n (%) 11(8.53) 7(10.45) 0.659 12(15.28) 24(20.51) 0.011

Hypertension, n (%) 12(9.30) 6(8.96) 0.936 12(15.28) 14(11.97) 0.459

Septic Shock, n (%) 22(17.05) 14(20.90) 0.51 23(17.42) 35(29.91) 0.02

Mechanical ventilation, n (%) 18(13.95) 16(23.88) 0.082 18(13.64) 17(14.53) 0.84

Notes: *Data expressed as meanzstandard deviation. ®Data are expressed as number (percentage) [n (%)]. Table 4 show the matched groups of eight species of pathogens
between Bacteroides fragilis, respectively. P-values were calculated by Mann—Whitney test or Fisher’s exact test. A caliper value of 0.02 was used for Propensity Score
Matching.

Table 5 Multivariate Analysis
Propensity-Matched Methods

of Hypoalbuminemia by

Pathogens OR 95% CI P
Bacteroides fragilis | Ref Ref
Candida 6.283 2.67-14.81 <0.001
Klebsiella 437 2.29-8.34 <0.001
A. baumannii 4.76 1.3-17.47 0.019
Staphylococcus 6.1 3.04-12.13 <0.001
Pseudomonas 2.3 1.03-5.12 0.042
Streptococcus 2.39 1.23-4.66 0.011
Enterococcus 2.84 1.35-5.97 0.006
Escherichia coli 3415 1.81-6.46 <0.001

Abbreviations: OR, odds ratio; Cl, confidence interval.

response triggered by specific microbial components'> (such as endotoxin, exotoxin, or pathogen-associated molecular

1617 and an imbalance between albumin synthesis and degradation.®'® This suggests that

patterns), vascular leakage,
a variety of pathogens can interfere with albumin metabolism through different pathways. However, it is unclear whether
the incidence and severity of hypoalbuminemia differ among different pathogen species.

The present study is the largest to date to address the impact of specific pathogens on hypoalbuminemia in sepsis,
which was designed to investigate the relationship between clinical microbial infections and albumin levels, as well as
their impact on prognosis. Our study, as expected, revealed specific variations in serum albumin levels associated with
different microbial infections. The results showed that patients with sepsis infection were more likely to have significant
hypoalbuminemia if they had infections caused by Candida, Klebsiella, A. baumannii, Staphylococcus, Pseudomonas,
Streptococcus, Enterococcus, or Escherichia coli. We also found that for patients infected with Candida, Staphylococcus,
Enterococcus, Escherichia coli, and Bacteroides fragilis, a particular association exists between serum albumin levels
and 28-day mortality, which appears as an L-shaped or U-shaped curve relationship with different cut-off values. These
data suggest that different pathogens have different effects on albumin metabolism in the host. These findings are

consistent with previous studies.'®?° These different impacts are likely due to pathogen-specific mechanisms: (1) specific
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Figure 5 Correlation between albumin level and 28-day all-cause mortality in pathogen-specific RCS models. L-shaped: mortality hazard ratios decreased as albumin level
increased. U-shaped: mortality hazard ratios decreased with increasing albumin level and then increased with continued increases in albumin level. Albumin (g/L).
Abbreviation: RCS, restricted cubic spline.

exotoxins directly damage the endothelium or consume albumin; (2) different microbial components, such as lipopoly-
saccharide (LPS) and peptidoglycan, can trigger various degrees of systemic inflammation and endothelial injury; and (3)
the inflammatory cascade has the capacity to selectively reduce the synthesis of hepatic albumin. This mechanistic
diversity suggests that hypoalbuminemia in sepsis is not a uniform condition, but rather a state of pathogen heterogeneity.
Clinicians should be alert to hypoalbuminemia that may accompany an infection with these pathogens because
hypoalbuminemia is an important indicator of poor prognosis. Thus, a management scheme for pathogen-specific
hypocholesterolemia may improve microcirculation disorders and alleviate organ function impairment, thereby reducing
the risk of sepsis-related complications.

Through an in-depth analysis, this study identified the most common pathogens associated with hypoalbuminemia are
A. baumannii (92.1%), Candida (87.6%), Klebsiella (87.6%), Serratia (87.5%), Enterobacter (83.3%), Enterococcus
(82.1%), Escherichia coli (81.9%), Pseudomonas (80.3%), Streptococcus (75.0%), Burkholderia (72.7%),
Staphylococcus (69.6%), Proteus (66.7%), Salmonella (62.5%), and Bacteroides fragilis (58.6%), respectively. In the
pathological process of sepsis, hypoalbuminemia is primarily associated with capillary leakage, impaired liver synthesis,
and metabolic disorders resulting from a systemic inflammatory response.?*? Previous studies have demonstrated that
various pathogen infections can result in distinctive alterations in albumin metabolism. Additionally, a dose-response
relationship has been observed between serum albumin levels and patient mortality.'®*-** In consideration of this
mechanism, it merits exploration whether the combination of vascular permeability-regulating drugs and precise anti-
infection treatment in the early intervention stage can improve the prognosis of patients with sepsis. The treatment
strategy for patients with sepsis should include actively maintaining serum albumin levels in the physiological range
through nutritional support, albumin infusion, and other means. Furthermore, given the distinct effects of various
pathogen infections on albumin metabolism and their evident correlation with sepsis prognosis, targeted interventions
are warranted in clinical treatment to ensure that serum albumin levels remain within the physiological range, thereby

reducing the risk of complications associated with hypoalbuminemia.
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Pre-existing research has demonstrated that hypoalbuminemia is associated with the progression and severity of
infectious diseases, and that intact innate and adaptive immune responses are contingent on albumin. Serum albumin
levels are prognostic for complications of viral, bacterial, and fungal infections, as well as for infectious complications of
non-infective chronic conditions.”>° In addition, the pharmacokinetics and pharmacodynamics of antimicrobials are
affected by non-oncotic properties of albumin. Low serum albumin has been associated with inadequate antimicrobial
treatment, and a dose-response relationship has been identified between serum albumin levels and patient mortality.>**
In randomized controlled trials, the infusion of a human albumin solution has been shown to effectively support
antimicrobial therapy by supplementing endogenous albumin in patients with cirrhosis of the liver.”” These findings
not only underscored the prognostic significance of hypoalbuminemia for clinical outcomes, including mortality, but also
pointed to the potential salutary effects of albumin administration for targeted microcirculation therapy in septic patients.

We made even deeper, more valuable progress in our exploration of the impact of hypoalbuminemia induced by
specific pathogens on clinical outcomes. Ultimately, we discovered an L- or U-shaped relationship between serum
albumin levels and 28-day mortality in septic patients infected with different pathogens, with varied cutoff values.
Candida, Staphylococcus, Enterococcus, and Escherichia coli exhibited an L-shaped curve, and the albumin cut-off
values were 30.36 g/L, 32.27 g/L, 30.46 g/L, and 30.95 g/L. A steep slope was observed when albumin levels were low,
and a stable slope was observed when albumin level was increased, indicating that the mortality risk decreased with
increasing albumin level. Whereas Bacteroides fragilis showed a U-shaped curve with the albumin cut-off values of
33.41 g/L and 39.42 g/L, indicating that the mortality hazard ratio decreased with increased albumin levels and then
increased with continued increased in albumin levels. This perspective differed from previous approaches because it was
not only pathogen-specific; it also took into account the albumin thresholds of different conditions. Rather than merely
serving as observational prognostic indicators, these albumin thresholds could be used to identify high-risk patients,
inform dynamic monitoring, and enable precise interventions. Therefore, the pathogen-specific albumin thresholds
identified in our study may provide a new basis to the precise management of sepsis. Yet, caution is warranted,
particularly for pathogens with smaller sample sizes in our study (such as A. baumannii, Serratia), and these thresholds
should be validated in larger, independent cohorts.

Propensity score matching (PSM) is a useful, novel, and creative statistical method for evaluating the effects of
interventions using non-experimental or observational data. Paul Rosenbaum and Donald Rubin first proposed this
method in 1983. It is used to process data from observational studies. Due to various reasons, observational studies have
many data biases and confounding variables. The propensity score matching method is designed to reduce the influence
of these biases and confounding variables to allow for a more reasonable comparison between the experimental and
control groups.”®*?° In this study, we selected Bacteroides fragilis as the reference pathogen for two reasons: (1)
B. fragilis is representative of an anaerobic bacterial infection in clinical sepsis, and (2) the distribution of albumin
levels in patients with B. fragilis infection differed significantly from those of other pathogens, making B. fragilis
a suitable reference for comparison. Although our study is a retrospective study, we used PSM method to exclude patients
with exposure to known risk factors at the time of enrollment, including previous conditions that cause hypoalbumine-
mia, end-stage chronic renal failure, or severe heart failure, in order to minimize the effect of confounding.

This study has the following limitations: First, this is a single-center study that can only represent our local pathogen
constitution and not the spectrum of pathogens in other places around the world. And the sample of some pathogen
species was relatively small, which might cause bias. Second, this is a retrospective study, even if we try to eliminate the
interference of confounding factors by multivariate Cox regression and PSM as much as possible, it is still difficult to
account for all confounding factors that may affect the effect of pathogens on hypoalbuminemia. Last but not the least,
although we excluded patients who received an albumin infusion outside the hospital, it is difficult to assess the impact of
those medications on albumin levels; therefore, to minimize the potential impact of treatment, we selected albumin level
at the time of admission to the ICU for our analyses. In this regard, the prospective studies are necessary to determine the

most effective approach for optimizing albumin therapy in cases of sepsis-related hypoalbuminemia.
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Conclusions

Albumin plays a key role in the host immune and metabolic response to infection, and reduced albumin levels typically
indicate disruption of host homeostatic mechanisms. Various pathogens engage in hypoalbuminemia through diverse and
complex mechanisms, and the response of albumin to different pathogens may differ during sepsis, which may result in
pathogen-specific variations in serum albumin levels. Therefore, clinicians should take into account the albumin thresh-
olds associated with different pathogens when administering albumin treatment to sepsis patients to ensure its appropriate
use. As controversy goes, future prospective studies should be designed with multiple centers and larger data platforms to
enable more detailed investigation of the impacts, whether direct or indirect, of pathogens on serum albumin levels in
patients with sepsis.
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