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Abstract: Objective: To analyze the risk factors for bloodstream infection after immunosuppressive therapy in pa-
tients with aplastic anemia using logistic regression. Methods: A retrospective analysis was conducted on the clini-
cal data from 70 patients with aplastic anemia admitted to the People’s Hospital of Zitong County and the Infectious 
Disease Hospital in Jiangyou City from March 2011 to March 2023. Patients were divided into two groups based 
on whether they developed an infection after treatment: the infection group (n = 18) and the non-infection group (n 
= 52). Risk factors for bloodstream infection following immunosuppressive therapy were analyzed, and the predic-
tive value of independent risk factors was assessed. Results: Univariate analysis identified age, diabetes, disease 
severity, albumin levels, neutrophil count, and concurrent infections before treatment as significant risk factors for 
bloodstream infection following immunosuppressive therapy (all P<0.05). Multivariate analysis further confirmed 
that age, diabetes, disease severity, albumin levels, and neutrophil count were independent risk factors for blood-
stream infection (all P<0.05). ROC curve analysis revealed that age, diabetes, disease severity, albumin levels, and 
neutrophil count had area under the curve (AUC) values of 0.678, 0.728, 0.698, 0.740, and 0.739, respectively, in 
predicting bloodstream infection after immunosuppressive therapy. The sensitivity values were 65.39%, 78.85%, 
67.31%, 67.31%, and 76.92%, respectively, while the specificity values were 72.22%, 66.67%, 72.22%, 77.78%, 
and 61.11%, respectively. Conclusion: Age, diabetes, disease severity, albumin levels, and neutrophil count are key 
factors influencing bloodstream infection after immunosuppressive therapy in patients with aplastic anemia. These 
findings highlight the need for careful monitoring of these factors during immunosuppressive therapy to reduce the 
risk of bloodstream infection.
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Introduction

Aplastic anemia is a rare hematologic disorder 
characterized by impaired bone marrow hema-
topoiesis, leading to decreased numbers of red 
blood cells, white blood cells, and platelets [1]. 
This condition can result from abnormal 
immune attack on hematopoietic stem cells or 
from damage to these cells due to genetic or 
environmental factors [2]. Although aplastic 
anemia can occur in any age group, it is more 
common in young people and children, with a 
relatively lower incidence in the elderly [3]. The 

global incidence of aplastic anemia is low, 
though regional differences exist [4]. Patients 
typically present with symptoms such as ane-
mia, bleeding, and infection, which significantly 
impact their quality of life and increase the risk 
of complications [5]. Early diagnosis and treat-
ment of aplastic anemia are therefore crucial 
for patient outcomes.

Immunosuppressive therapy is a common treat-
ment for aplastic anemia [6]. This therapy can 
reduce the immune system’s attack on hemato-
poietic stem cells, thereby promoting bone mar-
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row regeneration and the restoration of normal 
hematopoietic function [7]. However, immuno-
suppressive therapy can also suppress the 
immune system, increasing the risk of infec-
tions and bleeding. Bloodstream infection is a 
common and serious side effect of immuno-
suppressive therapy [8]. The weakened immune 
response in these patients makes them more 
susceptible to various pathogens, leading to 
bloodstream infections [9]. Symptoms may in- 
clude fever, chills, low blood pressure, rapid 
heart rate, and shortness of breath. If not 
promptly treated, bloodstream infections can 
lead to severe complications and even be life-
threatening [10].

These infections pose significant risks to pa- 
tients due to their high incidence and potential 
for severe outcomes. The reported incidence  
of bloodstream infections among patients un- 
dergoing immunosuppressive therapy ranges 
from 5% to 20%, depending on the patient pop-
ulation and specific immunosuppressive agents 
used [11]. Factors influencing the development 
of bloodstream infections in these patients 
include the type and intensity of the immuno-
suppressive regimen, the underlying condition 
being treated, the presence of indwelling medi-
cal devices such as central venous catheters, 
and the patient’s overall health status, includ-
ing comorbidities such as diabetes or renal fail-
ure [12].

This study aims to identify the risk factors influ-
encing bloodstream infection after immuno-
suppressive therapy in patients with aplastic 
anemia, providing valuable insights for clinical 
intervention and treatment strategies.

Materials and methods

Ethics statement

This research was approved by the Medical 
Ethics Committee of the People’s Hospital of 
Zitong County.

Screening process

Inclusion criteria: a. Patients who meet the 
diagnostic criteria for aplastic anemia [13];  
b. Patients who have undergone immunosup-
pressive therapy; c. Patients without cognitive 
dysfunction; d. Patients with detailed clinical 
data.

Exclusion criteria: a. Patients with concurrent 
diseases such as leukemia that could affect 
this study; b. Patients with coagulation disor-
ders; c. Patients with poor compliance or coop-
eration; d. Pregnant and lactating women; e. 
Patients with concurrent autoimmune diseases 
or other malignancies; f. Patients with heart, 
liver, or kidney dysfunction.

Study design

A retrospective analysis was conducted on the 
clinical data from 100 patients with aplastic 
anemia admitted to the People’s Hospital of 
Zitong County and the Infectious Disease 
Hospital in Jiangyou City from March 2011 to 
March 2023.

Data extraction and outcome measures

Clinical data were meticulously collected from 
electronic medical records and outpatient fol-
low-up records. The dataset included factors 
such as disease course, BMI, age, gender, dia-
betes, hypertension, smoking history, drinking 
history, disease severity, albumin levels, neu-
trophil counts, and concurrent infections prior 
to treatment. The primary objective was to 
identify risk factors associated with blood-
stream infections in patients with aplastic  
anemia following immunosuppressive therapy. 
Through rigorous analysis, the study aimed to 
determine independent risk factors with predic-
tive value for bloodstream infections. By com-
prehensively evaluating these risk factors, the 
study seeks to enhance understanding and 
improve risk assessment and management 
strategies in clinical practice.

Statistical analysis

Data were statistically analyzed using SPSS 
20.0 (SPSS Inc., Chicago, IL, USA) and visual-
ized with GraphPad Prism 8. Measurement 
data were expressed as means ± standard 
deviation (Means ± SD), while categorical data 
were represented as percentages (%). Chi-
square tests (χ2) were used to analyze differ-
ences in categorical data between groups. 
Additional sensitivity and stratified analyses by 
subgroups (e.g., age, gender) were conducted 
to evaluate the consistency of observed as- 
sociations. For continuous variables, indepen-
dent sample t-tests were used for compar- 
isons between groups, and paired t-tests were 
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Table 1. Baseline data
Factors Cases (percentage)
Course of disease (d) (≤20/>20) 44 (62.86%)/26 (37.14%)
Body mass index (BMI) (kg/m2) (≤24/>24) 44 (62.86%)/26 (37.14%)
Age (≤40/>40) 39 (55.71%)/31 (44.29%)
Gender (Male/Female) 40 (57.14%)/30 (42.86%)
Diabetes (Yes/No) 23 (32.86%)/47 (67.14%)
Hypertension (Yes/No) 21 (30.00%)/49 (70.00%)
Smoking history (Yes/No) 27 (38.57%)/43 (61.43%)
Drinking history (Yes/No) 27 (38.57%)/43 (61.43%)
Disease severity (Severe/Extremely severe) 30 (42.86%)/40 (57.14%)
Concurrent other infections before treatment (Yes/No) 16 (22.86%)/54 (77.14%)

Figure 1. Flowchart of sample screening process based on inclusion and 
exclusion criteria.

applied for within-group comparisons. Logistic 
regression analysis identified risk factors influ-

encing bloodstream infections 
following immunosuppressive 
therapy in patients with aplas-
tic anemia. The predictive va- 
lue of these independent risk 
factors was further assessed 
using receiver operating char-
acteristic (ROC) curves, with 
areas under the curve (AUC) 
and sensitivity and specificity 
determined. Statistical signifi-
cance was set at P<0.05 for all 
analyses, ensuring the reliabil-
ity and validity of the results.

Results

Sample screening

Based on the inclusion and 
exclusion criteria, a total of 70 
patients who met the require-
ments were selected, while 30 
patients were excluded from 
the study. The clinical data of 
the 70 selected patients are 
detailed in Table 1. Patients 
were divided into two groups 
based on whether they devel-
oped infection after treatment: 
the infection group (n = 18) 
and the non-infection group (n 
= 52) (Figure 1).

Univariate analysis of factors 
affecting bloodstream infec-
tion after immunosuppressive 
therapy

A comparison of clinical data between the 
infection group and the non-infection group 
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g/L and 4 had levels >30 g/L; 12 patients a 
had neutrophil count ≤0.8×109/L and 6 had a 
count >0.8×109/L; 8 patients had other infec-
tions before treatment, and 10 did not. In the 
non-infection group, 34 patients were aged 
≤40 years, and 18 were aged >40 years; 11 
patients had diabetes, while 41 did not; 17 
patients had severe conditions, and 35 had 
extremely severe conditions; 17 patients had 

revealed significant differences in age, diabe-
tes status, disease severity, albumin levels, 
neutrophil count, and the presence of other 
infections before treatment. In the infection 
group, 5 patients were aged ≤40 years, and 13 
patients were aged >40 years; 12 patients had 
diabetes, while 6 did not; 13 patients had 
severe conditions, and 5 had extremely severe 
conditions; 14 patients had albumin levels ≤30 

Table 2. Univariate analysis

Factors Infection group  
(n = 18)

Non-infection 
group (n = 52) χ2 P

Course of disease (d) 0.032 0.859
    ≤20 11 33
    >20 7 19
Body mass index (BMI) (kg/m2) 0.151 0.698
    ≤24 12 32
    >24 6 20
Age 7.664 0.006
    ≤40 5 34
    >40 13 18
Gender 0.025 0.875
    Male 10 30
    Female 8 22
Diabetes 12.550 <0.001
    Yes 12 11
    No 6 41
Hypertension 0.128 0.720
    Yes 6 15
    No 12 37
Smoking history 0.353 0.553
    Yes 8 19
    No 10 33
Drinking history 0.001 0.975
    Yes 7 20
    No 11 32
Disease severity 8.532 0.004
    Severe 13 17
    Extremely severe 5 35
Albumin levels (g/L) 11.020 0.001
    ≤30 14 17
    >30 4 35
Neutrophil counts (×109/L) 8.072 0.005
    ≤0.8 12 15
    >0.8 6 37
Concurrent other infections before treatment 6.404 0.011
    Yes 8 8
    No 10 44
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Table 3. Assignment table
Factors Assignment
Age ≤40 = 0, >40 = 1
Diabetes No = 0, Yes = 1
Disease severity Severe = 0, Extremely severe = 1
Albumin levels (g/L) ≤30 = 1, >30 = 0
Neutrophil counts (×109/L) ≤0.8 = 1, >0.8 = 0
Concurrent other infections before treatment Yes = 1, No = 0
Bloodstream infection Yes = 1, No = 0

albumin levels ≤30 g/L and 35 had levels  
>30 g/L; 15 patients had a neutrophil count 
≤0.8×109/L and 37 had a count >0.8×109/L; 8 
patients had other infections before treatment 
and 44 did not. These factors were identified 
as significant risk factors influencing blood-
stream infection after immunosuppressive 
therapy in patients with aplastic anemia (all 
P<0.05) (Table 2).

Multivariate analysis of factors affecting 
bloodstream infection after immunosuppres-
sive therapy

The indicators identified as significant in Table 
2 were assigned values (Table 3) and subject-
ed to logistic regression analysis. The results 
indicated that age (OR: 22.262, 95% CI: 1.208-
410.136), diabetes (OR: 56.675, 95% CI: 
3.139-1023.185), disease severity (OR: 0.044, 
95% CI: 0.003-0.680), albumin levels (OR: 
52.972, 95% CI: 1.897-1478.978), and neu- 
trophil count (OR: 29.470, 95% CI: 1.477-
587.892) were independent risk factors influ-
encing bloodstream infection after immuno-
suppressive therapy in patients with aplastic 
anemia (P<0.05) (Table 4).

Predictive value of independent risk factors

The ROC curve analysis revealed that age, dia-
betes status, disease severity, albumin levels, 
and neutrophil count had area under the curve 
(AUC) values of 0.678, 0.728, 0.698, 0.740, 
and 0.739, respectively, in predicting blood-
stream infection after immunosuppressive 
therapy. The sensitivity values were 65.39%, 
78.85%, 67.31%, 67.31%, and 76.92%, respec-
tively, while the specificity values were 72.22%, 
66.67%, 72.22%, 77.78%, and 61.11%, respec-
tively (Table 5; Figure 2).

Discussion

The development of ap- 
lastic anemia is a com-
plex process, influenced 
by multiple interacting 
factors [14, 15]. The dis-
ease is primarily charac-
terized by an insufficient 
number of hematopoiet-
ic stem cells in the bone 
marrow, leading to ane-

mia, thrombocytopenia, and leukopenia [16, 
17]. These symptoms can result in persistent 
fatigue, weakness, and increased susceptibility 
to bleeding and infections, significantly impact-
ing patients’ daily lives and work capacity. 
Aplastic anemia can also lead to severe com- 
plications such as serious infections, bleeding, 
anemia-induced heart and lung dysfunction, 
and even life-threatening conditions [18, 19].

Treatment options for aplastic anemia inclu- 
de immunosuppressive therapy, hematopoietic 
stem cell transplantation, and supportive ther-
apy. Immunosuppressive therapy is commonly 
used to reduce the immune system’s attack on 
bone marrow hematopoietic cells, thereby pro-
moting the restoration of hematopoietic func-
tion. While this approach can help some pa- 
tients recover bone marrow function, it does 
not guarantee effective treatment outcomes 
for all patients [20, 21]. The advantages of 
immunosuppressive therapy include its non-
invasive nature and the avoidance of hemato-
poietic stem cell transplantation. However, a 
significant drawback is the increased risk of 
infection [22]. As the immune system is sup-
pressed during therapy, the patient’s immune 
function decreases, making them more vulner-
able to infections, particularly bloodstream 
infections. These infections can manifest as 
fever, chills, swelling, and pain at the infection 
site, and in severe cases, it may progress to 
sepsis and organ failure [23]. Therefore, analyz-
ing the risk factors influencing bloodstream 
infections after immunosuppressive therapy 
are of great clinical importance.

The study by Bhargawa et al. [24] revealed that 
IL-6 and IL-8 levels in patients with aplastic 
anemia were significantly elevated and corre-
lated with disease severity, suggesting that 
these patients’ immune systems are severely 
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Table 4. Multivariate analysis
B S.E. Wals Sig. Exp (B) (95% C.I.)

Age 3.103 1.487 4.357 0.037 22.262 (1.208-410.136)
Diabetes 4.037 1.476 7.480 0.006 56.675 (3.139-1023.185)
Disease severity -3.126 1.399 4.996 0.025 0.044 (0.003-0.680)
Albumin levels 3.970 1.699 5.461 0.019 52.972 (1.897-1478.978)
Neutrophil counts 3.383 1.527 4.908 0.027 29.470 (1.477-587.892)
Concurrent other infections before treatment 2.832 1.484 3.644 0.056 16.980 (0.927-311.027)

Table 5. Predictive value of independent risk factors
Area under the 

curve (AUC)
Confidence 
interval (CI) Cut-off Sensitivity Specificity Youden 

index
Age 0.678 0.521-0.835 40.000 65.39% 72.22% 37.61%
Diabetes 0.728 0.602-0.853 0.500 78.85% 66.67% 45.51%
Disease severity 0.698 0.573-0.822 0.500 67.31% 72.22% 39.53%
Albumin levels 0.740 0.600-0.881 30.05 67.31% 77.78% 45.09%
Neutrophil counts 0.739 0.605-0.873 0.750 76.92% 61.11% 38.03%

Figure 2. ROC curve of independent risk factors in predicting bloodstream infections after immunotherapy. A. ROC 
curve of age in predicting bloodstream infection; B. ROC curve of diabetes in predicting bloodstream infection; C. 
ROC curve of severity in predicting bloodstream infection; D. ROC curve of albumin in predicting bloodstream infec-
tion; E. ROC curve of neutrophils in predicting bloodstream infection.

compromised, increasing their infection risk. 
This study also identified disease severity as  
an independent risk factor for bloodstream 

infections after immunosuppressive therapy, 
with a higher incidence of bloodstream infec-
tions in patients with extremely severe aplastic 
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anemia. Aplastic anemia is an immune-mediat-
ed disease characterized by impaired hemato-
poietic function in the bone marrow, leading to 
reductions in red blood cells, white blood cells, 
and platelets. Due to an abnormal immune sys-
tem, patients with aplastic anemia are more 
susceptible to infections and have a diminished 
immune response to such infections [25].

Li et al. [26] found that patients with acquired 
aplastic anemia exhibited bone marrow hypo-
plasia and pancytopenia, conditions that can 
lead to immune abnormalities. This study also 
identified lower levels of albumin and neutro-
phils as being associated with a higher inci-
dence of bloodstream infections. Albumin, an 
important plasma protein, plays a crucial role  
in maintaining immune function [27]. Reduced 
albumin levels can impair the normal function-
ing of the immune system, lowering the body’s 
ability to combat infections and increasing the 
risk of bloodstream infections. Neutrophils, a 
key type of white blood cell, are essential for 
combating bacterial and other pathogenic in- 
fections [28]. Low neutrophil levels compro-
mise the body’s immune defense, making it 
more susceptible to infections. Factors such as 
bone marrow hypoplasia, drug treatments, or 
other underlying medical conditions can cause 
low neutrophil levels. Given the close link 
between the immune and hematopoietic sys-
tems, bone marrow hypoplasia and pancyto- 
penia may lead to immune abnormalities in 
patients with aplastic anemia, reducing their 
immune response and increasing their risk of 
infection.

In addition, our study revealed that age and dia-
betes are independent risk factors for blood-
stream infection following immunosuppressive 
therapy. As people age, their immune function 
gradually declines, which can affect the quan-
tity and functionality of immune cells [29]. In 
individuals with diabetes, immune system func-
tion is often compromised, particularly in a 
hyperglycemic state where immune cell ac- 
tivity and function are suppressed, leading to 
immune dysfunction and increased suscepti- 
bility to infections. Diabetes can also cause 
blood circulation disorders and microangiopa-
thy, further reducing the body’s resistance to 
infections [30].

The study by Lin et al. [31] identified chemo-
therapy, transplantation status, hypertension, 

and coronary artery disease as independent 
risk factors for immunosuppressed patients 
over 65 years old. Similarly, our study also iden-
tified age and underlying conditions such as 
diabetes as independent risk factors for blood-
stream infections. This parallel with Lin et al.’s 
findings underscores the importance of vigilant 
monitoring and management of older patients 
and those with preexisting conditions to miti-
gate the risk of infections [31]. Furthermore, it 
highlights the need for additional research to 
explore these risk factors in greater detail and 
to develop targeted preventive strategies to 
improve outcomes in this vulnerable popu- 
lation.

The ROC analyses in our study provided signifi-
cant insights into the predictive ability of vari-
ous independent risk factors for bloodstream 
infection after immunosuppressive therapy. 
Specifically, the AUC values for age, diabetes, 
severity, albumin, and neutrophils were 0.678, 
0.728, 0.698, 0.740, and 0.739, respectively. 
These values indicate that while all these fac-
tors have varying degrees of predictive power, 
albumin and neutrophils show particularly 
strong potential, with AUCs closer to 1. Addi- 
tionally, the sensitivity and specificity of these 
indicators further elucidate their predictive 
capacity. Age, diabetes, severity, albumin,  
and neutrophils demonstrated sensitivities  
of 65.39%, 78.85%, 67.31%, 67.31%, and 
76.92%, and specificities of 72.22%, 66.67%, 
72.22%, 77.78%, and 61.11%, respectively. 
These metrics suggest that certain factors, 
notably albumin and diabetes, are effective in 
identifying patients at risk for bloodstream 
infection, while also accurately excluding those 
without the infection. Overall, the analysis 
underscores the importance of these factors in 
predicting bloodstream infections, which could 
inform future clinical strategies and patient 
management protocols.

In this study, logistic regression analysis was 
utilized to identify factors influencing blood-
stream infection after immunosuppressive 
therapy in patients with aplastic anemia. How- 
ever, there are limitations to this study. For 
instance, as a retrospective study, it may intro-
duce recall bias and inaccuracies in informa-
tion collection. Since data were obtained from 
patients’ medical records, there is a possibi- 
lity of missing or erroneous data. Additionally, 
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there may be other potential factors beyond 
those assessed here that could also impact 
patient outcomes. Future research should con-
sider incorporating a broader range of relevant 
clinical and demographic indicators into the 
analysis to improve the accuracy and compre-
hensiveness of understanding the complex fac-
tors influencing the prognosis of individuals 
with aplastic anemia. It would also be beneficial 
to employ larger sample sizes and prospective 
study designs in future research to obtain more 
representative results.

To summarize, age, diabetes, disease severity, 
albumin levels, and neutrophil count are key 
factors influencing bloodstream infection after 
immunosuppressive therapy in patients with 
aplastic anemia. These findings suggest that 
special attention should be given to these fac-
tors during immunosuppressive therapy to 
reduce the risk of bloodstream infection.
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