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Diagnostic value of neutrophil-to-lymphocyte
ratio, fibrinogen-to-albumin ratio and red
blood cell distribution width in tuberculosis
combined with other bacterial infections
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Abstract

Objective To investigate the clinical significance of the neutrophil-to-lymphocyte ratio (NLR), fibrinogen-to-albumin
ratio (FAR), and red blood cell distribution width (RDW) in pulmonary tuberculosis (PTB) associated with other
bacterial lung infections.

Methods A total of 74 patients with PTB complicated with other bacterial lung infections, who were admitted to
the Sixth People’s Hospital of Nantong City (Nantong, China) from January 2021 to December 2023, were included in
this study as the PTB with infection complication group. A comparison group of 96 patients with uncomplicated PTB,
admitted to the same hospital during the same period, was used as the PTB without infection complication group.
The NLR, FAR, and RDW values in peripheral blood were determined and compared between the two groups. The
receiver operating characteristic (ROC) curve was used to evaluate the diagnostic performance of these indicators for
early detection of PTB complicated with other bacterial infections.

Results The NLR, FAR, and RDW values were significantly higher in the PTB with infection complication group
compared to the PTB without infection complication group, with differences reaching statistical significance (P<0.05).
NLR value showed a positive correlation with white blood cell count, C-reactive protein levels, and D-dimer levels.
ROC curve analysis indicated that the area under the curve (AUC) values for diagnosing PTB with bacterial infection
using blood NLR, FAR, and RDW were 0.861, 0.818, and 0.799, respectively. The combined AUC value of these three
indicators was 0.982. The validation results showed that the diagnostic sensitivity (98.6%) and specificity (89.58%) of
the combination of NLR, FAR, and RDW were higher than those of each indicator alone.

Conclusion The combined assessment of blood NLR, FAR, and RDW values has high clinical diagnostic value for
diagnosing PTB complicated with other bacterial infections.
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Background

Pulmonary tuberculosis (PTB) is a common infec-
tious disease of the lungs caused by Mycobacterium
tuberculosis(Mtb) [1].Mtb infected one-third of the popu-
lation in 2021, producing disease in approximately 10%
and killing 1.6 million people [2].Co-infections involv-
ing tuberculosis(TB) and bacterial pathogens have been
reported, particularly in populations with a high preva-
lence of TB [3].There is a significant increase in suscepti-
bility to PTB and the risk of death among individuals aged
65 and over [4]. Elderly patients with PTB have poor phy-
sique, low immunity, and chronic consumption of PTB,
so they are more likely to be complicated by pulmonary
bacterial infection [5].Distinguishing between TB and co-
infections involving bacterial pathogens presents a signif-
icant clinical challenge [6]. Failure to differentiate these
conditions may result in poorer health outcomes, includ-
ing increased healthcare costs, antimicrobial resistance,
and higher mortality rates [3, 7]. Clinical observations
indicate that PTB is often complicated with pulmonary
bacterial infections, but they are difficult to identify using
conventional diagnostic methods. This is especially true
for patients with bacterial-negative PTB, which presents
diagnostic challenges due to atypical imaging findings
and prominent fever, along with abnormal laboratory
markers such as erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), D-dimer(DD), and white blood
cell count(WBC). Currently, diagnosis is primarily based
on empirical anti-infective treatment or a combination of
anti-tuberculosis and anti-infective therapies, followed
by assessment of lesion absorption through chest X-ray
and computed tomography scans. This approach may
result in irrational use of drugs use and delayed patient
recovery [8, 9].Therefore, there is a pressing need to
develop a rapid and accurate diagnostic test for TB. Neu-
trophil-to-lymphocyte ratio (NLR), fibrinogen-to-albu-
min ratio (FAR), and red blood cell distribution width
(RDW) have been identified as emerging biomarkers for
evaluating the severity of inflammation [10-12]. Given
that these ratios are easily and rapidly measured, a grow-
ing number of studies have focused on these indicators.
Significant alterations in NLR, FAR, and RDW have been
well-documented in various common acute and chronic
diseases, including neoplasms [13-15], cardiovascular
diseases [16, 17]. These biomarkers have garnered atten-
tion as potential diagnostic indicators capable of aiding
in risk assessment and clinical decision-making.However,
fewer studies have systematically examined the value of
NLR, FAR, and RDW in the differential diagnosis of TB
with concurrent bacterial infection. Therefore, this study

aims to investigate the diagnostic value of NLR, FAR, and
RDW in patients with TB and concurrent bacterial infec-
tion, and to provide a more accurate and reliable foun-
dation for the differential diagnosis and individualized
treatment of these patients.

Methods

Case selection

This study included 74 PTB patients complicated with
bacterial infection, admitted to the Sixth People’s Hos-
pital of Nantong City (Nantong, China) between January
2021 and December 2023. In addition, 96 patients diag-
nosed with PTB without complications during the same
period were included as the uncomplicated group. The
inclusion criteria were as follows: [1] diagnosed with PTB
based on clinical, radiographic, and microbiological find-
ings; and [2] for the complication group, confirmed bac-
terial lung infection according to the Infectious Diseases
Society of America/American Thoracic Society criteria
[18]. The exclusion criteria were: [1] co-infections with
viruses (e.g., HIV, HBV, HCV, influenza) or fungi (e.g.,
invasive candidiasis, aspergillosis); [2] a history of malig-
nancies or immunosuppressive therapy (e.g., long-term
corticosteroids, chemotherapy); [3] severe organ failure,
such as end-stage renal disease or decompensated liver
cirrhosis; and [4] missing critical clinical or laboratory
data.

Severity classification

Severity classification was based on the Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II score,
which includes acute physiology score, age score, and
chronic health score, with a total score of 0-71 points.
Higher scores indicate more severe conditions. Patients
were classified into two groups: a severe group (APACHE
II score> 15, n=21) and a non-severe group (APACHE II
score <15, n=53). This cutoff was chosen based on clini-
cal practice [19], where an APACHE 1II score above 15 is
commonly associated with increased disease severity and
worse prognosis in critically ill patients.The study proto-
col was approved by the Ethics Committee of the Sixth
People’s Hospital of Nantong City (NTLYLL2024009). All
patients provided written informed consent prior to par-
ticipation in the study.

Sample size calculation

The sample size was estimated using PASS software
(NCSS, LLC, Kaysville, UT, USA) to ensure adequate sta-
tistical power (>80%) for detecting differences in NLR,
FAR, and RDW between groups with an alpha level of



Fu et al. BMC Pulmonary Medicine (2025) 25:134

0.05. The calculation was based on preliminary data, with
an expected effect size of 0.6 for NLR differences. The
estimated minimum sample size required was 70 patients
per group. To account for potential dropout, we recruited
74 and 96 patients in the complication and uncompli-
cated groups, respectively.

Baseline matching

To minimize potential bias, a propensity score matching
(PSM) approach was applied, matching patients in both
groups based on age, gender, and key laboratory param-
eters. The standardized mean difference (SMD) was
used to assess the balance of covariates before and after
matching.

Laboratory analysis

Fasting blood samples (5mL) were collected from the
antecubital vein of patients in both groups in the early
morning, placed in a procoagulation tube, and centri-
fuged at 3,000 rpm for 10 minutes to obtain the serum.
The serum (supernatant) was then collected and stored
at -80 °C for later measurement of albumin(AIB) levels
using a Beckman AU5800 Biochemical Analyzer (Beck-
man Coulter Inc., Brea, CA, USA). Neutrophils, lym-
phocytes, and RDW were measured using a Mindray
BC-6900 Automated Blood Cell Analyzer (Shenzhen
Mindray Bio-Medical Electronics Co., Ltd., Shenzhen,
China). Fibrinogen (FIB) levels were measured using a
Sysmex® CS5100™ Automated Blood Coagulation Ana-
lyzer (Sysmex Corporation, Kobe, Japan). The NLR and
FAR values were calculated based on the test results.

Machine learning algorithms to construct PTB

without infection complication and PTB with infection
complication diferential diagnostic models

We used the R package “autoReg” to perform statisti-
cal analysis on the expression levels of NLR, FAR, and
RDW in patients with PTB with and without infec-
tion complications. Specifically, subgroup analysis was
conducted using the presence or absence of infection
complications as the observation indicator. Normally
distributed variables were expressed as mean + standard
deviation, and intergroup differences were analyzed
using the t-test (P <0.05). Non-normally distributed vari-
ables were presented as median (IQR), with intergroup
differences assessed using the Wilcoxon test (P<0.05).
Based on these analyses, we constructed a logistic regres-
sion model using the R package “glmnet” and performed
univariate, multivariate, and stepwise logistic regression
analyses using “autoReg”. Additionally, we utilized the R
package “mlr3” to develop 15 machine learning models.
To comprehensively evaluate the diagnostic performance
of these models, we assessed them using 19 evaluation
indicators derived from the confusion matrix. The results
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from multiple models and indicators were visualized
using the Origin 2021 for heatmap representation.

Data analysis

Data were analyzed using the SPSS version 17.0 software
(IBM Corporation, Armonk, NY, USA). Normally distrib-
uted data are expressed as the mean + standard deviation.
Comparisons between two groups were performed using
a paired t-test, and correlations between variable were
assessed by Pearson correlation analysis. Categorical
variables were compared using the chi-square (x°) test.
Rates were compared using Fisher’s exact test. Logistic
regression analysis was performed to calculate the prob-
ability of joint diagnosis using NLR, FAR, and RDW. The
Receiver Operating Characteristic (ROC) curve was plot-
ted, and the area under the curve (AUC) was calculated
to evaluate the diagnostic performance of NLR, FAR, and
RDW in detecting PTB complicated with bacterial infec-
tion. P value < 0.05 was considered statistically significant.

Results

Comparison of general clinical data between two groups
There was no statistically significant difference between
the PTB with infection complication group and the PTB
without infection complication group in terms of age, sex
ratio, hypertension, diabetes mellitus, and smoking his-
tory with t/x* values of 0.019, 1.935, 3.534, 0.554, and
0.003, respectively, P>0.05)(Table 1).

Correlation analysis of blood NLR, FAR, RDW values and
various clinical indicators

RDW value was positively correlated with CRP, DD,
ESR, and FER values in 170 patients in the PTB without
infection complication group and PTB with infection
complication group(P<0.05).NLR value was positively
correlated with WBC, CRP, and DD values(P<0.05).
FAR value was positively correlated with WBC, PLT,
CRP, DD, ESR, and FER values (P<0.05). NLR value was
highly positively correlated with WBC values (r=0.614,
P<0.01),and procalcitonin (PCT) value was not corre-
lated with RDW, NLR, and FAR values (P> 0.05)(Table 2).

Comparison of NLR, FAR, and RDW values between the two
groups

The NLR, FAR, and RDW values in the PTB with infec-
tion complication group were 6.204(4.328,9.348),0.145(0
.120,0.192),and 14.400(13.200,15.625),respectively, while
in the PTB without infection complication group, the
values were 2.726(2.159, 3.821), 0.095(0.071, 0.126), and
12.800(12.200, 13.400), respectively. These differences
were statistically significant (P<0.001) (Table3).
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Table 1 Comparison of clinical characteristics between the PTB with infection complication group and PTB without infection
complication group

Data Group
PTB without infection complication PTB with infection complication group t/2 P
group (number=96) (number=74)
Age(year) 62.52+7.638 6751£8.10 0.019 0.891
Sex
Male 69(71.9) 60(81.1) 1.935 0.206
Female 27(28.1) 14(18.9)
Pulse(times/min) 80.18+12.77 82.04+13.70 0914 0.367
Breathing(times/min) 17904238 18.62+283 1772 0.078
Systolic pressure(mmHg) 126.27+15.09 127.15+2431 0.273 0.785
Diastolic pressure(mmHg) 78.01+9.98 76.05+15.69 -0.936 0.351
Hypertension
Yes 19(19.8) 24(324) 3534 0.075
No 77(80.2) 50(67.6)
Diabetes
Yes 20(20.8) 19(25.7) 0.554 0468
No 76(79.2) 55(74.3)
Smoking
Yes 23(24.0) 18(24.3) 0.003 0.958
No 73(76.0) 56(75.7)
Drink
Yes 15(15.6) 12(16.2) 0.011 0917
No 81(84.4) 62(83.8)
Hemoptysis
Yes 26(27.0) 16(21.6) 0.676 0414
No 70(73.0) 58(78.3)
Fever
Yes 14(14.6) 14(18.9) 0.567 0451
No 82(85.4) 60(81.1)

Table 2 Correlations of NLR, FAR, and RDW with clinical characteristics of the patients

Index RDW NLR FAR
r p r p r p

WBC 0.149 0.138 0614 <0.001 0.381 <0.001
HB -0.4 99 <0.001 -0.257 0.009 -0.291 0.03
PLT -0.003 0976 0.205 0.039 0437 <0.001
CRP 0.355 <0.001 0.555 <0.001 0.584 <0.001
DD 0.262 0.008 0318 0.001 0.299 0.002
ESR 0318 0.001 0.163 0.104 0.676 <0.001
PCT 0.164 0.101 0.122 0223 0.135 0.178
FER 0.200 0.045 0.132 0.101 0.398 <0.001

Note: WBC, white blood cell count; HB, hemoglobin; PLT, platelet; CRP, C-reactive protein; DD, D-dimer; ESR, erythrocyte sedimentation rate; PCT, procalcitonin,;
FER, Ferritin

Table 3 Comparison of laboratory indicators between the PTB with infection complication group and PTB without infection
complication group

Group n RDW (%) NLR FAR

PTB with infection complication group 74 14.400(13.200,15.625) 6.204(4.328,9.348) 0.145(0.120,0.192)
PTB without infection complication 96 12.800(12.200,13.400) 2.726(2.159,3.821) 0.095(0.071,0.126)
group

7 -6.709 -8.059 -7.091

P <0.001 <0.001 <0.001
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Table 4 Comparison of NLR, FAR, and RDW values between the severe group and non-severe group

Index Severe group(number=21) Non-severe group(number=53) Z P

RDW(%) 15.600(14.500,16.900) 14.100(12.900,15.100) -3.455 <0.001
NLR 9.878(7.171,13.918) 5.081(3.829,8.203) -3.999 <0.001
FAR 0.186(0.144.0.268) 0.138(0.113,0.167) -3.903 <0.001

Table 5 ROC curve of diagnostic efficacy of the NLR, FAR, and RDW in patients with PTB complicated with other bacterial infections

Index Cut-off Sensitivity/% Specificity/% Youden AUC Positive Negative 95% con-
Value index/% likelihood likelihood fidence
ratio(%) ratio(%) interval
RDW 12.850 86.50 69.79 56.29 0.799 2.86 19.34 0.730-0.869
NLR 4.261 7840 8333 6173 0.861 4.70 2592 0.803-0.919
FAR 0.107 89.20 66.66 55.86 0818 267 16.20 0.755-0.881
Combineddiagnosis 98.60 89.58 88.18 0.982 946 1.56 0.968-0.996
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Fig. 1 ROC curve of the diagnostic efficacy of NLR, FAR, and RDW in patients with PTB complicated with other bacterial infections

Serum NLR, FAR, and RDW values in the severe group and
non-severe group

The NLR, FAR, and RDW values in the severe
group were higher than those in the non-severe
group(P<0.05,Table 4).

Clinical significance of NLR, FAR, and RDW values in

the diagnosis of PTB complicated with other bacterial
infections

The results of the ROC curve showed that the AUC value
of NLR was 0.861, its Youden index was 0.617, sensitiv-
ity was 0.784, and specificity was 0.833; the AUC value
of FAR was 0.818, its Youden index was 0.559, sensitiv-
ity was 0.892, and specificity was 0.667; the AUC value

of RDW was 0.799, its Youden index was 0.563, sensitiv-
ity was 0.865, and specificity was 0.698. Additionally, the
AUC value of the combination of NLR, FAR and RDW
was 0.982, its Youden index was 0.882, sensitivity was
0.986, and specificity was 0.896 (Table 5; Fig. 1).

P TB with infection complication group and PTB without
infection complication group diferential diagnostic model
based on 15 machine learning algorithms

We performed univariate, multivariate, and stepwise
logistic regression analyses on the expression levels of
NLR, FAR, and RDW in patients with PTB with and
without infection complications using the R package
“autoReg” to identify potential models for distinguishing
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Fig. 2 Performance of 15 machine learning models for the combined diagnosis of pulmonary tuberculosis with other bacterial infections using NLR,

FAR, and RDW

between these two groups. These three indicators were
then incorporated into the machine learning model. Table
S1 provides detailed results for 15 machine learning mod-
els and 19 diagnostic performance indicators, while Fig. 2
presents a heatmap of the data.Among the models evalu-
ated, Extreme Gradient Boosting (XGBoost) was selected
as the optimal model due to its superior diagnostic per-
formance (Classif. ce=0.057692, Accuracy=0.94231,
Kappa=0.88462, Accuracy Lower=0.84053, Accuracy
Upper=0.98794, Accuracy Null=0.50000, Accuracy P
Value =0.00002, McNamara P Value=1.0000, Sensitiv-
ity=0.92308, Specificity=0.96154, Positive Predictive
Value =0.96000, Negative Predictive Value=0.92593,
Precision =0.96000, Recall=0.92308, F1=0.94118, Prev-
alence=0.50000, Detection Rate=0.46154, Detection
Prevalence =0.48077, and Balanced Accuracy=0.94231).

Discussion

Currently, PTB remains one of the major infec-
tious diseases posing a serious threat to global public
health. When the airway of elderly patients with PTB is

reconstructed after repeated inflammation, the mucosal
barrier is destroyed and the function of clearing bacteria
is reduced, which leads to the susceptibility of pulmonary
bacterial infection in elderly patients with PTB. However,
its clinical signs are often atypical, especially similar to
the clinical signs and symptoms of primary TB infection,
which is easy to be ignored, resulting in prolonged course
of disease, affecting the quality of life of patients, and may
endanger the lives of patients.Bacterial culture is con-
sidered the gold standard for diagnosing bacterial infec-
tions, but it has certain limitations, primarily it is costly
and time-consuming [20, 21]. Co-infections in elderly
patients with TB often lead to misdiagnosis or underdi-
agnosis due to the lack of effective diagnostic and thera-
peutic approaches. As such, This search for biomarkers
to enable the early and rapid diagnosis of PTB combined
with another bacterial infection remains a central con-
cern for clinicians.

The NLR is the ratio of peripheral blood neutrophil
count to lymphocyte count.Neutrophils and lymphocytes
not only reflect the role of neutrophils in infection, but
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also reflect the changes in lymphocyte counts in vivo to
identify the type of pathogens in time.The NLR is a low-
cost, routinely used, reproducible assay available from
leukocyte counts and has been shown to be a marker of
systemic inflammatory response [22]. This study showed
that the NLR value in the PTB with infection complica-
tion group was significantly higher than that in the PTB
without infection complication group (P<0.05), and the
NLR value in the severely ill patients in the PTB with
infection complication group was higher than that in the
non-severely ill patients(P<0.05), which was also consis-
tent with the results of a study by Nagai et al. [23], sug-
gesting that NLR was related to PTB complicated with
bacterial infection complication. The NLR is a simple and
effective indicator of body inflammation. When bacterial
infection occurs in the body, its level can rapidly increase
to resist bacterial invasion. In the process of infection,
dendritic cells can present antigens to natural killer
T cells, leading to local extravasation of neutrophils,
thereby promoting the entry of natural killer T cells into
tissues and affecting peripheral blood lymphocyte counts
[24].During the inflammatory response to TB, neutro-
phils and other inflammatory cells, such as macrophages,
accumulate in large numbers to counteract the invasion
of Mtb [25]. Studies have shown that the number of neu-
trophils in patients with PTB is significantly increased
and is associated with disease severity [26]. When TB
patients are co-infected with other bacteria, the existing
inflammatory response is further intensified, leading to
the release of more neutrophils to the infection site for
antimicrobial action [27, 28]. TB infection can impair the
immune system, leading to reduced lymphocyte function
[29]. Bacterial infections may cause immunosuppres-
sion or immune tolerance. In cases of long-term chronic
inflammation, lymphocyte function may be suppressed
[30]. Therefore, the NLR can better dynamically reflect
the infection status.The NLR is a reliable predictor of
inflammation and increases with the progression of some
chronic diseases. Studies have shown that an increased
NLR may be a predictor of clinical outcomes in a variety
of diseases, including Mycoplasma pneumoniae pneu-
monia [31], large lymph node masses [32], etc. When the
NLR was used alone as a variable, the AUC of the NLR
for the diagnosis of PTB with bacterial infection com-
plication was 0.861 (P<0.001), the sensitivity was 78.4%,
and the specificity was 83.33%. These results suggest that
the NLR can be used as an early independent factor for
the diagnosis of PTB with bacterial infection complica-
tion, with high sensitivity and specificity.

RDW is a parameter that reflects the heterogene-
ity of the red blood cell volume. Previous studies have
suggested that RDW may be a laboratory indicator of
infection or inflammation [33, 34]. Mao et al.. reported
that when the respiratory tract was infected by various
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pathogens, the RDW value would change abnormally,
which was found to be related to the changes of WBC,
PLT and creatinine. It has been suggested that the RDW
value may reflect the course of respiratory diseases [35].
A study by Wang et al.. found that RDW may be a prom-
ising indicator for predicting severe liver inflammation
in autoimmune hepatitis. And it is positively correlated
with the severity of liver inflammation [36]. This study
found that the RDW value of the PTB with infection
complication group was significantly higher than that of
the PTB without infection complication group (P<0.05),
the RDW value of the severely ill patients in the PTB
with infection complication group was higher than that
of the non-severely ill patients in the PTB with infection
complication group (P<0.05). During bacterial infection,
the inflammatory response is excessively activated, and a
large number of pro-inflammatory factors released dur-
ing this process reduce the maturation of red blood cells
by inhibiting the maturation factor of red blood cells,
so that a large number of immature red blood cells are
released into the blood, the heterogeneity of red blood
cell size is increased, and ultimately the RDW value in
peripheral blood is increased [37]. Bacterial infections
can enhance oxidative stress, leading to excessive pro-
duction of reactive oxygen species (ROS). These ROS can
damage the erythrocyte membrane, reduce its deform-
ability, and shorten its lifespan [38, 39]. TB patients often
experience anemia, which may be exacerbated by chronic
inflammation. Chronic inflammation inhibits iron uti-
lization by regulating hepcidin in the liver, resulting in
ineffective erythropoiesis [40]. To compensate for the
loss of red blood cells, the bone marrow releases eryth-
rocytes of varying shapes into circulation, leading to an
increased RDW. In addition, the RDW value was posi-
tively correlated with CRP, DD, ESR, and FER (P<0.05).
RDW had a sensitivity of 86.5%, a specificity of 69.79%,
and an AUC of 0.799 in the screening of early PTB with
other bacterial infection complication. These findings
suggested that RDW can be used as a potential inflam-
matory index to evaluate the changes of PTB with other
bacterial infection complication. However, its specificity
is low for early screening. Therefore, whether RDW can
be used to evaluate the severity and prognosis of PTB
with other bacterial infection complication requires fol-
low-up multi-center studies, including a larger number of
patients. In view of the fact that RDW is a simple, conve-
nient, low cost and easy to detect clinical indicator, it is
worth further study to determine its potential value and
provide reference for clinicians.

This is the first retrospective study of FAR in TB. The
FIB not only plays a key role in the process of coagula-
tion, but also has an important roles in the inflammatory
response and tumor metastasis and progression [41]. The
ALB enhances catabolism to combat inflammation.The
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FAR is a ratio of FIB and ALB levels that can be used as a
potential prognostic biomarker to predict the risk of vari-
ous diseases.In this study, we found that FAR values were
significantly higher in the PTB with infection complica-
tion group than in the PTB without infection complica-
tion group.The FAR was higher in severely ill patients
than in non-severely ill patients. This finding is consis-
tent with that reported by Torun et al. [42].The reason
may be that when a bacterial infection occurs, in order
to fight against bacteria, the inflammatory response in
the body is rapidly activated, resulting in a rapid increase
in the content of FIB [43]. Furthermore, the ALB also
plays a role in the regulation of inflammatory cells. In the
inflammatory state, the increase of microvascular perme-
ability affects the distribution of intravascular and extra-
vascular ALB, which leads to the decrease of the serum
ALB concentration [44].Patients with PTB often exhibit
coagulation abnormalities, which may be exacerbated
by concurrent bacterial infections, leading to a further
increase in FIB levels. Studies have shown that FIB syn-
thesis in the septic liver occurs at a significantly higher
rate than ALB synthesis, indicating a shift in hepatic
protein metabolism toward pro-inflammatory protein
production during inflammation [45], This finding is con-
sistent with the results of the present study.The FAR also
plays an important role in the prognosis of many diseases
in clinical practice. For example, in a cross-sectional
study of 650 patients with acute coronary syndrome after
percutaneous coronary intervention, the results showed
that the AUC of the ROC curve of the FAR predicting left
ventricular systolic dysfunction (LVSD) was 0.735. Thus,
admission FAR is an independent predictor of LVSD in
acute coronary syndromes patients undergoing percu-
taneous coronary intervention [46]. A study by Wang et
al.. showed that FAR measured before admission may
be a useful indicator for assessing acute kidney injury,
with an AUC of the ROC curve of 0.685 [47]. Another
study showed that the FAR was closely related to the
occurrence of diabetic retinopathy (DR) in type 2 diabe-
tes mellitus (T2DM) patients, and the AUC of the ROC
curve of the FAR predicting the progression of DR was
0.708 [48].In addition, ROC curve analysis showed that
FAR had a sensitivity of 89.20%, a specificity of 66.66%,
and an AUC of 0.818 in the diagnosis of PTB with other
bacterial infection complication, and its diagnostic effi-
cacy was higher than that of RDW and lower than that
of NLR. In addition, Pearson correlation analysis revealed
that the FAR value was positively correlated with the
WBC, PLT, CRP, DD, ESR, and FER values (P<0.05). The
above results indicate that the FAR is correlated with
the laboratory indicators commonly used in the clinical
assessment of infection. From the above findings, it can
be concluded that NLR, FAR and RDW have some pre-
dictive value for the occurrence of PTB with bacterial
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infection complication. However, the combined AUC of
the three factors for predicting PTB with bacterial infec-
tion complication was 0.982, with a sensitivity of 98.60%
and specificity of 89.58%. The AUC of the ROC curve,
sensitivity and specificity of NLR, FAR combined with
RDW were higher than those of each alone, suggesting
that NLR, FAR combined with RDW had a higher effi-
cacy in predicting the incidence of PTB with bacterial
infection complication. These three indicators provide
insights into the body’s physiological state from differ-
ent perspectives. The NLR primarily reflects the immune
response of leukocytes, the FAR integrates inflammation
and nutritional status, and the RDW is associated with
red blood cell production and distribution. By combining
these indicators, a more comprehensive assessment of a
patient’s health status can be achieved. This approach is
particularly valuable in complex diseases, such as can-
cer and infections, where a single indicator may not fully
capture disease severity or prognosis.In clinical practice,
blood routine, biochemistry and coagulation function
are routinely tested on admission, which is economical,
simple and easy, and the NLR, FAR and RDW are easy
to measure. In conclusion, combined biomarkers have
higher diagnostic power than individual biomarkers.
Clinically, it is helpful to evaluate the risk of PTB with
bacterial infection complication early, so as to provide
timely clinical intervention and treatment.In this study,
the ROC analysis was employed to assess the diagnostic
performance of the NLR, the FAR, and RDW.

Machine learning methods utilize a large amount of
manually labeled data to train models to learn the fea-
tures of manually labeled data, and have proven their
superiority in disease diagnosis, classification, and prog-
nosis judgment [49].Previous research has demonstrated
that models integrating multiple clinical and labora-
tory measures improve classification accuracy [50].The
XGboost model performs well with a diagnostic accuracy
of 0.93, sensitivity of 0.92, specificity of 0.96, and F1 score
of 0.94.This demonstrates the potential diagnostic value
of XGBoost model in distinguishing pulmonary tuber-
culosis complicated with bacterial infection.The 19 diag-
nostic indicators identified in this study contribute to the
development of diagnostic models for future PTB cases,
both with and without bacterial complications, provid-
ing a valuable reference for clinicians in diagnosing PTB
complicated with other bacterial infections.

This study is a retrospective study based on prospec-
tive data. It has the limitations of single center and small
sample size. This study included 74 patients with pulmo-
nary tuberculosis complicated with bacterial infection,
particularly in the severe group (21 cases) and non severe
group (53 cases).The limited sample size may reduce sta-
tistical power, potentially affecting the stability and gen-
eralizability of the results [51]. Therefore, expanding the
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sample size is essential for further validation.In addition,
the subjects included in this study were not stratified
by morbidity mechanism, and the results may be differ-
ent. Future studies need to further study the changes of
NLR, RDW and FAR values. The NLR, RDW and FAR
are calculation indexes in blood routine analysis, which
are cheap, simple and practical, and can be used as a
new combination index in blood analysis and detection
report, and can be popularized in medical institutions.
Especially in primary medical institutions, it is very
important to help identify and diagnose bacterial infec-
tions and reduce medical expenses.

Conclusion

In summary, the NLR, FAR and RDW indicators have
some clinical reference value for the differential diagno-
sis of PTB combined with other bacterial infection com-
plication.Additionally, the diagnostic value of the three
combined tests is higher. Clinicians should closely moni-
tor the changes in the NLR, FAR and RDW indexes to
reduce the misdiagnosis rate and omission rate, increase
the understanding of the disease condition of the patient,
and to provide reference for the clinical use of drugs.
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