Infection and Drug Resistance Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Nomogram for Predicting Poor Prognosis of
Newly Diagnosed Active Pulmonary Tuberculosis
Based on PNI: Development and Internal
Validation

Ni Feng®"?, Junjie Wang'?, Yi Li(?

'School of Clinical Medicine, North Sichuan Medical College, Nanchong, 637000, People’s Republic of China; 2Department of Infectious Diseases,
Suining Central Hospital, Suining, 629000, People’s Republic of China

Correspondence: Yi Li, Email muyimumei@|26.com

Objective: To investigate the correlation between the Prognostic Nutrition Index (PNI) and adverse prognosis in treatment-naive
patients with active pulmonary tuberculosis(TB), and to construct and validate an individualized risk prediction nomogram.
Methods: A retrospective study included 165 patients with newly diagnosed active TB from January 2022 to February 2025.
Treatment outcomes at 2 and 6 months were classified as good prognosis (markedly effective) or poor prognosis (effective, ineffective,
deteriorated). Optimal PNI cut-offs were determined by ROC. Predictors were selected using LASSO regression. A nomogram was
constructed by multivariate Logistic regression and internally validated with 1000 bootstrap samples. Model performance was
evaluated by ROC, calibration curve and decision curve analysis.

Results: Optimal PNI cut-offs for poor prognosis at 2 and 6 months were 44.85 and 42.6. The nomogram achieved an AUC of 0.789
at 2 months. Adding PNI significantly improved discrimination (NRI=0.396, IDI=0.054). Calibration was satisfactory, and the model
showed clinical net benefit. PNI provided greater incremental value for short-term prognosis.

Conclusion: A PNI-based nomogram can effectively predict poor prognosis in newly diagnosed active TB patients. A PNI threshold
of <45 is recommended for high-risk screening to enable early nutritional and immune intervention. External validation is needed
before widespread application.
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Introduction

Pulmonary Tuberculosis (PTB) is a chronic respiratory infectious disease caused by Mycobacterium tuberculosis
invading the lungs. According to the 2024 Global Tuberculosis Report, ' approximately 10.8 million new TB cases
were reported worldwide in 2023, and the number of deaths from tuberculosis reached as high as 1.25 million. China is
still listed as one of the 30 high-burden countries for tuberculosis, accounting for 6.8% of the global incidence. With the
development of standardized treatment regimens recommended by the World Health Organization, most tuberculosis
patients can achieve good treatment and prognostic outcomes, but some patients have poor treatment and prognostic
results.? Studies have shown® that nutritional and immune status are closely related to the prognosis of tuberculosis. The
Prognostic Nutrition Index (PNI) is a comprehensive key indicator for evaluating nutritional and immune status, and its
calculation formula® is: PNI = serum albumin (g/L) + 5 x peripheral blood lymphocyte count (x10°/L). At present,
a large number of studies have indicated that PNI is closely associated with the prognosis and all-cause mortality of
various malignant tumors,* cardiovascular diseases,® digestive system® and immune system diseases.'® It has also been
confirmed that PNI is closely related to the risk of death in tuberculosis patients.'' Yuan et al'* reported that PNI
combined with the 3rd-day APACHE II score in ICU patients could effectively predict the 30-day mortality of severe

https://doi.org/10.2147/IDR.S601572 Infection and Drug Resistance 2026:19 601572 |
Received: 6 March 2026 © 2026 Feng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 26 May 2026 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Published: 9 June 2026 you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0004-5409-5647
http://orcid.org/0009-0000-5997-3702
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Feng et al

tuberculosis patients (AUC = 0.952). Tan et al'? identified low PNI as an independent predictor of unfavorable treatment
outcomes in PTB (adjusted OR = 23.667). However, few studies have explored the predictive value of PNI for poor
prognosis in patients with active pulmonary tuberculosis during the intensive phase (month 2) and consolidation phase
(month 6) of anti-tuberculosis treatment. In particular, a nomogram prediction model integrating multiple clinical factors
has not yet been developed and validated. Therefore, this retrospective cohort study incorporated PNI and other clinical
predictors, with the following aims: (1) To explore the association of PNI with poor prognosis in newly diagnosed active
PTB patients during the intensive and consolidation phases of anti-tuberculosis treatment; (2) To screen independent risk
factors for unfavorable anti-tuberculosis outcomes; (3) To construct and validate a nomogram model for predicting the
probability of poor prognosis in newly diagnosed active PTB patients, so as to facilitate early clinical risk stratification
and targeted nutritional-immune intervention.

Materials and Methods

Patients

Treatment-naive patients with active pulmonary tuberculosis admitted to the Department of Infectious Diseases, Suining
Central Hospital, Sichuan Province from January 2022 to February 2025 were collected. A total of 165 patients who met
the inclusion and exclusion criteria were enrolled, including 117 males and 48 females. The diagnostic criteria for
treatment-naive patients with active pulmonary tuberculosis were in accordance with WS 288-2017 Diagnosis of
Pulmonary Tuberculosis'* and Expert Consensus on the Standard and Clinical Application of Activity Judgment of
Pulmonary Tuberculosis."®

Inclusion Criteria

1) Treatment-naive patients with active pulmonary tuberculosis who visited the outpatient clinic of the Department of
Infectious Diseases, Suining Central Hospital; 2) Aged > 18 years; 3) Conforming to the diagnostic criteria for treatment-
naive active pulmonary tuberculosis; 4) Patients who completed 6-month standardized anti-tuberculosis treatment
(isoniazid, rifampicin or rifapentine, pyrazinamide and ethambutol for 2 consecutive months, followed by isoniazid
and rifampicin for 4 consecutive months).

Exclusion Criteria

1) Patients with retreated active pulmonary tuberculosis; 2) Patients with drug-resistant pulmonary tuberculosis; 3)
Patients complicated with acquired immunodeficiency syndrome, malignant tumors, hematological diseases or autoim-
mune diseases; 4) Patients with irregular medication taking, poor compliance, irregular follow-up or sudden death due to
other diseases; 5) Patients with severe lack of clinical data.

This study has been approved by the Ethics Committee of Suining Central Hospital (Ethics Approval No.:
KYLLKS20250108), and written informed consent was waived due to the retrospective nature.The research was
conducted in strict accordance with the Declaration of Helsinki and relevant ethical guidelines, ensuring full protection
of the rights, safety and privacy of research participants.

Methods

Clinical medical records of patients were retrieved through the electronic medical record system. Name, gender, age,
height, weight, contact information, occupation, smoking history, drinking history, past medical history, comorbidities,
length of hospital stay and treatment regimen of all subjects were collected. All enrolled patients underwent routine
relevant laboratory tests before treatment. Serum albumin (ALB), white blood cell count (WBC), neutrophil count
(NEUT), lymphocyte count (Lym), high-sensitivity C-reactive protein (hs-CRP), procalcitonin (PCT), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), platelet count (PLT), CD4'T lymphocyte count, Sputum or
bronchoalveolar lavage fluid (BALF) etiological examination for tuberculosis: positive or negative (A positive result is
defined as any one of the following: acid-fast bacilli detected by smear microscopy, positive TB-DNA, MTB positive by
Xpert, Mycobacterium tuberculosis complex detected by NGS, or growth of Mycobacterium tuberculosis observed on
Lowenstein-Jensen medium), triglycerides (TG) and fasting plasma glucose (FPG) were recorded. Calculation of
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prognostic nutrition index, ratios and other indexes was performed: 1) Prognostic Nutrition Index(PNI)* = serum albumin
(g/L) + 5 x peripheral blood lymphocyte count (x10°/L); 2) Triglyceride-glucose index (TyG)”’ = In[triglycerides (mg/
dL) x fasting plasma glucose (mg/dL)/2]; 3) Neutrophil-to-lymphocyte ratio (NLR):'” Neutrophil count / Lymphocyte
count; 4) Platelet-to-lymphocyte ratio (PLR):'® Platelet count / Lymphocyte count; 5) HALP score:'® Hemoglobin (g/L)
x Albumin (g/L) x Lymphocyte count (x10°/L) / Platelet count (x10%/L)

Patients were divided into three groups according to the tertile of PNI:T1 group: the lowest tertile (low PNI group);
T2 group: the middle tertile (moderate PNI group);T3 group: the highest tertile (high PNI group).

Statistical Analysis

Sample size assessment in this study was performed based on the Events Per Variable (EPV) criterion to ensure the
robustness of model development. In accordance with the precise sample size calculation method proposed by Riley
et al'” and recommendations from previous simulation studies, an estimated 15-20 candidate predictive variables were
planned for inclusion.'® To meet the minimum recommended criterion of EPV > 10 and control the risk of overfitting, the
minimum required number of events (ie, the number of primary endpoint “poor prognosis” events) was estimated to be
150-200 cases. Ultimately, a total of 165 patients were enrolled in the present study, among whom 71 cases developed
poor prognosis at the 2-month follow-up (43.03%), which satisfied the requirement of EPV > 10.

Handling of Missing Data: No missing values were observed for the primary exposure variable (PNI) and outcome
variables. A small proportion of missing data existed in several covariates, with the missing rate of each variable less
than 5%. To fully utilize available data and reduce potential bias arising from complete-case analysis, multiple imputation
was adopted to handle missing covariates. The pooled results were synthesized according to Rubin’s rules.

All data were analyzed using R language (4.0.1). Continuous variables conforming to normal distribution were
described as “mean + standard deviation” and compared between groups using #-test. If continuous variables were not
normally distributed, Mann—Whitney U-test was used, and the results were expressed as median (interquartile range).
Categorical variables were described as “frequency and percentage (%)” and compared using chi-square test. To quantify
the effect size of differences between groups, the standardized mean difference (SMD) was also reported, and SMD > 0.1
indicated a meaningful difference between groups.The optimal clinical cut-off value of PNI was determined using the
Youden index. Statistically significant variables in the univariate analysis were further screened by the Least Absolute
Shrinkage and Selection Operator (LASSO) regression.All continuous predictive variables were standardized prior to
entry into the LASSO model. The optimal penalty parameter A was determined via 10-fold cross-validation (the model
corresponding to A.min was selected), and variables with non-zero coefficients were retained. The variance inflation
factor (VIF) of each variable in the final model was calculated; VIF < 5 was taken as the criterion for no severe
multicollinearity, and the results are presented in Supplementary Table S1. Restricted cubic splines were applied to fit the

Logistic regression model for continuous variables to test for potential nonlinear relationships with poor prognosis.

Variables screened by LASSO regression were incorporated into the multivariate Logistic regression model to
construct the base prediction model. PNI was further added into the base model to establish the comprehensive model,
so as to quantify the incremental predictive value of PNI.The receiver operating characteristic (ROC) curve and the area
under the curve (AUC) were used to evaluate the discrimination ability of the models. The integrated discrimination
improvement (IDI) and net reclassification improvement (NRI) were adopted to quantify the improvement in predictive
performance of the base model after the addition of PNI.Calibration curves were used to assess the consistency between
model-predicted risk and actual clinical risk. Decision curve analysis (DCA) was performed to evaluate the clinical net
benefit of the models. To avoid model overfitting and optimistic bias, internal validation was conducted via 1000
bootstrap resamples. Finally, the prediction model was visualized and presented as a nomogram.

Evaluation Criteria for Prognostic Efficacy

Referring to the Clinical Diagnosis and Treatment Guidelines (Tuberculosis Volume) issued by the Chinese Medical
Association in 2005, continuous negative (or conversion to negative) Mycobacterium tuberculosis culture, significant
absorption of lesions > 1/2 shown by chest X-ray or CT, and reduction, closure or no change of cavities were classified as
markedly effective. Patients with < 50% reduction of lesion range shown by chest X-ray, positive sputum culture, and
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relieved clinical symptoms (cough, chest pain, fatigue, etc.) were classified as effective. Patients with no changes in
Mycobacterium tuberculosis in sputum and chest X-ray or CT were classified as ineffective. Patients with recurrence of
positive Mycobacterium tuberculosis in sputum, enlargement of cavities or appearance of new cavities, and increase of
lesions shown by chest X-ray or CT were classified as deteriorated. Markedly effective was defined as good prognosis,

while effective, ineffective and deteriorated were defined as adverse prognosis.

Evaluation Time for Prognostic Efficacy
At the end of the 2nd month and the 6th month of anti-tuberculosis treatment.

Results

General Data Characteristics Among the Three Groups

As shown in Table 1, the final subjects were divided into three groups based on the tertile interval of PNI: T1 group
(n=55), T2 group (n=55) and T3 group (n=55). There were statistically significant differences in age, weight, BMI,
gender, etiological results, TB etiological results of sputum and BALF and length of hospital stay among the three groups
(all P < 0.05). Specifically, compared with T1 group, T2 group and T3 group were younger, heavier, had higher BMI,
fewer males, fewer positive rates of TB etiological tests in sputum or BALF, and shorter length of hospital stay. However,
there were no statistically significant differences in height, smoking history and IGRA between the groups (P > 0.05).

Comparison of Comorbidities Among the Three Groups

As shown in Table 2, the proportions of T1 group complicated with diabetes mellitus (36.36% VS 20% VS 16.36%,
P=0.033), chronic obstructive pulmonary disease(COPD) (23.64% VS 18.18% VS 5.45%, P=0.027) and respiratory
failure (12.73% VS 1.82% VS 0.00%, P=0.004) were significantly higher than those of T2 group and T3 group. In

Table | Comparison of General Data Among the Three Groups

Clinical Data Total (n=165) | Tl (n=55) T2 (n=55) T3 (n=55) P SMD
Age (years) 52(33,64) 62(51.5,70) 56(36,64) 37(26,53) <0.001 | 0.75
Height (cm) 163.958+7.696 | 163.45%£8.322 | 163.47+7.458 | 164.94+7.317 | 0.51 0.131
Weight (kg) 55.299+8.999 52.104+8.878 | 56.42+8.664 | 57.375%8.718 | 0.004 0.4
BMI (kg/m?) 20.527+2.737 19.441£2.524 | 21.091£2.764 | 21.049+2.634 | 0.001 0.421
Gender [n (%)] 0.013 0.387
Male 117 (70.91) 46 (83.64) 39 (70.91) 32 (58.18)

Female 48 (29.09) 9 (16.36) 16 (29.09) 23 (41.82)

Smoking [n (%)] 0.065 0.298
Yes 88(53.33) 36(65.45) 28(50.91) 24(43.64)

No 77(46.67) 19(34.55) 27(49.09) 31(56.36)

Etiological results [n (%)] 0.006 0.391
Positive 131(79.39) 49(89.09) 46(83.64) 36(65.45)

Negative 34(20.61) 6(10.91) 9(16.36) 19(34.55)

IGRA [n (%)] 0.323 0.19
Positive 146 (88.48) 49 (89.09) 46 (83.64) 51 (92.73)

Negative 19 (11.52) 6 (10.91) 9 (16.36) 4 (7.27)

Sputum smear [n (%)] 0.003 0.443
Positive 39 (23.64) 21 (38.18) 12 (21.82) 6 (10.91)

Negative 126 (76.36) 34 (61.82) 43 (78.18) 49 (89.09)

Sputum culture [n (%)] 0.038 0.323
Positive 74 (44.85) 32 (58.18) 23 (41.82) 19 (34.55)

Negative 91 (55.15) 23 (41.82) 32 (58.18) 36 (65.45)

Length of hospital stay (days) | 9(7,12) 11(8.5,14) 9(7,12) 8(6.5,11) 0.005 0.409
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Table 2 Comparison of Comorbidities Among the Three Groups

Clinical Data Total (n=165) | Tl (n=55) | T2 (n=55) | T3 (n=55) | P SMD
Diabetes mellitus [n (%)] 0.033 | 0.31
Complicated 40(24.24) 20(36.36) 11(20.00) 9(16.36)

Not complicated 125(75.76) 35(63.64) 44(80.00) 46(83.64)

Chronic obstructive pulmonary disease [n (%)] 0.027 | 0.357
Complicated 26(15.76) 13(23.64) 10(18.18) 3(5.45)

Not complicated 139(84.24) 42(76.36) 45(81.82) 52(94.55)

Hypertension [n (%)] 0.849 | 0.073
Complicated 21(12.73) 7(12.73) 8(14.55) 6(10.91)

Not complicated 144(87.27) 48(87.27) 47(85.45) 49(89.09)

Extrapulmonary tuberculosis [n (%)] | <0.001
Complicated 6(3.64) 2(3.64) 2(3.64) 2(3.64)

Not complicated 159(96.36) 53(96.36) 53(96.36) 53(96.36)

Tracheobronchial tuberculosis [n (%)] 0.829 | 0.078
Complicated 18(10.91) 7(12.73) 6(10.91) 5(9.09)

Not complicated 147(89.09) 48(87.27) 49(89.09) 50(90.91)

Bacterial pneumonia [n (%)] 0.16 0.247
Complicated 75(45.45) 25(45.45) 20(36.36) 30(54.55)

Not complicated 90(54.55) 30(54.55) 35(63.64) 25(45.45)

Tuberculous pleurisy [n (%)] 0.114 | 0.267
Complicated 29 (17.58) 13 (23.64) 11 (20.00) | 5(9.09)

Not complicated 136 (82.42) 42 (76.36) | 44 (80.00) | 50 (90.91)

Pleural effusion [n (%)] 0.251 | 0.218
Complicated 10(6.06) 5(9.09) 4(7.27) 1(1.82)

Not complicated 155(93.94) 50(90.91) 51(92.73) 54(98.18)

Respiratory failure [n (%)] 0.004 | 0.387
Complicated 8(4.85) 7(12.73) 1(1.82) 0(0.00)

Not complicated 157(95.15) 48(87.27) 54(98.18) 55(100.00)

Hemoptysis [n (%)] 0.445 | 0.15
Complicated 12(7.27) 2(3.64) 5(9.09) 5(9.09)

Not complicated 153(92.73) 53(96.36) 50(90.91) 50(90.91)

Pulmonary cavity [n (%)] 0.002 | 047
Complicated 63 (38.18) 30 (54.55) | 21 (38.18) 12 (21.82)

Not complicated 102 (61.82) 25 (45.45) | 34 (61.82) | 43 (78.18)

addition, the proportion of T1 group complicated with pulmonary cavity was also significantly higher (54.55% VS
38.18% VS 21.82%, P=0.002).

Comparison of Laboratory Data Among the Three Groups
As shown in Table 3, there were statistically significant differences in lymphocytes, Hb, ALB, hs-CRP and CD4'T cell
count among the three groups (P < 0.05). All the aforementioned indicators in T1 group were significantly lower than
those in T2 group and T3 group. There were no statistically significant differences in white blood cells, neutrophils, PLT,
TG, FBG, ALT, AST, PCT and other indicators among the three groups (P > 0.05).

Comparison of Ratios, Indexes and Scores Among the Three Groups
As shown in Table 4, NLR and PLR in T1 group were significantly higher than those in the T2 and T3 groups (both P <
0.001), while the HALP score and PNI were significantly the lowest in T1 group (P < 0.001).

In summary, the results of baseline data comparison indicated that grouping based on the tertile interval of PNI could
effectively distinguish treatment-naive patients with active pulmonary tuberculosis with different clinical characteristics.
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Table 3 Comparison of Laboratory Data Among the Three Groups

Clinical Data Total (n=165) | TI (n=55) T2 (n=55) T3 (n=55) P SMD
WBC (x10°/L) 6.6(5.3,8.6) 6.2(5.2,8.6) 6.9(5.105,8.8) 6.6(5.9,8.15) 0712 | 0.103
Neutrophils (x10%L) 462(3.62,6.19) | 4.69(3.795,6.44) 5.24(3.675,6.16) 437(3.3355.375) | 0.102 | 0.256
Lymphocytes (x10%/L) | 1.18(0.84,1.66) | 0.84(0.64,1.11) 1.18(0.85,1.44) 1.78(1.39,2.055) | <0.001 | 1.395
PLT (x10°/L) 250(194,324) 274(224,348) 244(188,337.5) 231(188,281) 0.058 | 031
Hb (g/L) 126.38+19.562 | 115.909+17.336 126.218+18.058 137.018+17.566 | <0.001 | 0.799
TG (mmolil) 1.11(0.9,1.51) 1.15(0.925,1.475) 1.1(0.89,1.435) 1.05(0.89,1.6) 0937 | 0.046
FBG (mmoliL) 5.4(4.72,6.78) 5.36(4.72,7.395) 5.57(4.785,7.42) 537(4715622) | 0.168 | 0.245
ALT (U/L) 17(12,27) 20(14.5,29.5) 15(10.5,24.5) 17(11.5,28) 0631 | 0.105
AST (UIL) 23(19,31) 25(21,35) 22(17.5,26.5) 22(18,29) 0456 | 0.137
ALB (g/L) 38.7(33.642.5) | 32.1(29.4,33.9) 38.7(36.35,40.35) | 43.8(41.846.85) | <0.001 | 2.872
hs-CRP (mg/L) 15.05(1.88,50.1) | 44.63(18.86,65.235) | 21.36(3.35,50.535) | 1.7(0.505,10.27) | <0.001 | 0.8
PCT (ng/mL) 0.04(0.04,0.11) | 0.08(0.045,0.17) 0.04(0.04,0.13) 0.04(0.04,0.04) 0.185 | 0.384
CD4'T count (cells/ul) | 455(313,666) 307(223.5,411.5) 431(336,632.5) 683(513.5,966.5) | <0.001 | 1.09%

Table 4 Comparison of Ratios, Indexes and Scores Among the Three Groups

Clinical Data | Total (n=165) TI (n=55) T2 (n=55) T3 (n=55) P SMD
NLR 3.911(2.566,6.63) 6.529(3.925,8.777) 4446(2.912,6.541) 2.47(1.696,3.551) <0001 | 1.004
PLR 226.316(127.551,327.16) | 351.282(247.152,480.319) | 246.243(176.862,303.997) | 123.977(102.236,166.542) | <0.001 | 1.156
TG 8.62+0.678 8.652+0.769 8.668+0.61 | 8.541+0.649 0567 | 0.127
HALP 20.985(12.691,43.423) 10.24(7.219,15.623) 20.015(16.537,27.118) 44.729(37.11,59.387) <0001 | 1.388
PNI 44.441£7.946 35.591+3.831 44.286+2.432 53.446+2.96 <0001 | 3769

The typical characteristics of the low PNI (T1) group were: advanced age, malnutrition, high bacterial load, multiple
comorbidities and high inflammatory level.

Logistic Regression Analysis of PNI and Adverse Prognosis

As shown in Tables 5 and 6, to evaluate the association between PNI and adverse prognosis in treatment-naive patients with
active pulmonary tuberculosis, univariate and multivariate Logistic regression analyses were performed with adverse
prognosis at the end of the 2nd and 6th month of anti-tuberculosis treatment as endpoint events, respectively.

At the end of the 2nd month of anti-Tuberculosis treatment, among the 165 patients, 71 cases (43.03%) had adverse
prognosis at the end of the 2nd month (Table 5). Adverse prognosis occurred in 31 out of 55 patients (56.4%) in the T1
group, 28 out of 55 (50.9%) in the T2 group, and 12 out of 55 (21.8%) in the T3 group.PNI as a continuous variable (per
1 standard deviation increase) was a significant protective factor against adverse prognosis in all models. In the
unadjusted Model 1, each 1 standard deviation increase in PNI reduced the risk of adverse prognosis at the end of the
2nd month of anti-tuberculosis treatment by 45.2% (OR=0.548, 95% CI: 0.386-0.762). When fully adjusted for
confounding factors (Model 3), each 1 standard deviation increase in PNI still reduced the risk of adverse prognosis
by 36.2% (OR=0.638, 95% CI: 0.440-0.910, P=0.015). When PNI was analyzed as a categorical variable, with T1 group
as the reference, T3 group was a protective factor against adverse prognosis in all models.

At the end of the 6th month of anti-Tuberculosis treatment, a total of 62 cases (37.58%) had adverse prognosis at the
end of the 6th month (Table 6). Adverse prognosis occurred in 30 out of 55 patients (54.5%) in the T1 group, 21/55
(38.2%) in the T2 group, and 11/55 (20.0%) in the T3 group. When PNI was analyzed as a continuous variable, in the
fully adjusted Model 3, each 1 standard deviation increase in PNI significantly reduced the risk of adverse prognosis at
the end of the 6th month by 40.3% (OR=0.597, 95% CI: 0.406—0.860, P=0.007). In Model 3, the risk of T3 group was
only 27.2% of that of T1 group (OR=0.272, 95% CI: 0.106-0.666, P=0.005).

In conclusion, whether PNI was regarded as a continuous variable or a categorical variable, and whether at the end of
the 2nd month or the 6th month of anti-tuberculosis treatment, a high PNI level was always an independent protective
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Table 5 Logistic Regression Analysis of Adverse Prognosis at the

End of the 2nd Month of Anti-Tuberculosis Treatment

Characteristics | Cases/Total (%) | OR (95% CI) P
Model |

Per | SD 717165 (43.03) 0.548 (0.386-0.762) | 0.001
T1 (Reference) 31/55 (56.36) Ref -

T2 28/55 (50.91) 0.803 (0.377-1.7) 0.566
T3 12/55 (21.82) 0.216 (0.091-0.486) | O
Model 2

Per | SD 717165 (43.03) 0.607 (0.42-0.859) | 0.006
TI (Reference) 31/55 (56.36) Ref -

T2 28/55 (50.91) 1.034 (0.465-2.314) | 0.935
T3 12/55 (21.82) 0.283 (0.115-0.672) | 0.005
Model 3

Per | SD 717165 (43.03) 0.638 (0.44-0.91) 0.015
T1 (Reference) 31/55 (56.36) Ref -

T2 28/55 (50.91) 1.052 (0.469-2.375) | 0.903
T3 12/55 (21.82) 0.315 (0.126-0.76) | 0.011

Notes: Model | was a crude model (without adjusting any covariates). Model 2 was
partially adjusted for age, gender and BMI. Model 3 was fully adjusted for age, gender,
BMI, smoking history, diabetes mellitus, chronic obstructive pulmonary disease,
hypertension, extrapulmonary tuberculosis, TB etiological results of sputum and
BALF, albumin, lymphocyte count and ALT.

Table 6 Logistic Regression Analysis of Adverse Prognosis at the

End of the 6th Month of Anti-Tuberculosis Treatment

Characteristics | Cases/Total (%) | OR (95% CI) P
Model |

Per | SD 62/165 (37.58) 0.531 (0.369-0.744) | 0

T1 (Reference) 30/55 (54.55) Ref -

T2 21/55 (38.18) 0.515 (0.238-1.094) | 0.087
T3 11/55 (20.00) 0.208 (0.086-0.475) | O
Model 2

Per | SD 62/165 (37.58) 0.584 (0.399-0.835) | 0.004
T1 (Reference) 30/55 (54.55) Ref -

T2 21/55 (38.18) 0.599 (0.267-1.329) | 0.209
T3 11/55 (20.00) 0.258 (0.103-0.618) | 0.003
Model 3

Per | SD 62/165 (37.58) 0.597 (0.406-0.86) | 0.007
TI (Reference) 30/55 (54.55) Ref -

T2 21/55 (38.18) 0.598 (0.264-1.34) | 0.213
T3 11/55 (20.00) 0.272 (0.106-0.666) | 0.005

Notes: Model | was a crude model (without adjusting any covariates). Model 2 was
partially adjusted for age, gender and BMI. Model 3 was fully adjusted for age, gender,
BMI, smoking history, diabetes mellitus, chronic obstructive pulmonary disease,
hypertension, extrapulmonary tuberculosis, Tuberculosis etiological results of spu-
tum and BALF, albumin, lymphocyte count and ALT.

factor against adverse prognosis. However, it is worth noting that a statistically significant protective effect was only
observed in T3 group with the highest PNI, indicating that there may be a “protective threshold” of PNI, and only
reaching a relatively high nutritional and immune level can significantly improve the treatment outcome.
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Analysis of Nonlinear Relationship Between PNI and Adverse Prognosis

Restricted Cubic Spline (RCS) analysis revealed a negative linear dose-response relationship between PNI and the risk of
adverse prognosis at the end of the 2nd and 6th month follow-ups (P overall=0.025; P overall=0.015), with no evidence
of a nonlinear relationship (P for nonlinear=0.64; P for nonlinear=0.06)(Figure 1).

Screening of Significant Characteristics Related to Adverse Prognosis

With adverse prognosis as the dependent variable (assigned value: good prognosis=0, adverse prognosis=1), variables
other than PNI were included in Lasso regression analysis to screen significant characteristics related to the risk of
adverse prognosis at the end of the 2nd and 6th month, respectively (Figure 2). Ten-fold cross-validation was used to
draw more robust conclusions, and the number of variables corresponding to Lambda.min was selected as the optimal
result of this study.

The results showed that 5 significant characteristics were screened out at the end of the 2nd month of anti-tuberculosis
treatment (Lambda.min=—2.827), namely age, complicated with chronic obstructive pulmonary disease, CD4"T lympho-
cyte count, pulmonary cavity and PLR, and their corresponding B coefficients were: age: 0.004496; chronic obstructive
pulmonary disease: 0.006830; CD4'T lymphocyte count: —0.000751; pulmonary cavity: 0.444538; PLR: 0.000193.
Three significant characteristics were screened out at the end of the 6th month of anti-tuberculosis treatment (Lambda.
min=-2.6), namely sputum culture, albumin and PLR, and their corresponding B coefficients were: sputum culture:
0.227337, albumin: —0.03434, PLR: 0.000242.

Two Logistic regression models were established based on the above screened significant characteristics.
Subsequently, PNI was incorporated into the basic model to form a comprehensive model.

Impact of PNI on the Discrimination of the Basic Model

For the outcome of adverse prognosis at the end of the 2nd month, the AUC of the basic model was 0.743. The inclusion
of PNI could significantly improve the discrimination of the basic model (AUC=0.789). The improvement of the
discrimination of the basic model after including PNI (AAUC=0.046) was significant (NRI=0.396, 95% CI:
0.095-0.697, P=0.01; IDI=0.054, 95% CI: 0.019-0.089, P=0.003). For the outcome of adverse prognosis at the end of
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o o |
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Figure | ROC curve of baseline PNI for predicting adverse prognosis in patients with newly diagnosed active pulmonary tuberculosis.
Notes: The AUC and its 95% confidence interval were calculated using 1000 bootstrap resamples. The optimal cutoff value of the ROC curve is labeled in the figure, with
corresponding optimal cutoff values of the original PNI being 44.85 and 42.6, respectively. (A) End of the 2nd month; (B) End of the 6th month.
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Figure 2 Restricted cubic spline (RCS) analysis of the association between PNI and adverse prognosis.
Notes: (A) End of the 2nd month; (B) End of the 6th month.

the 6th month, the AUC of the basic model was 0.748. The inclusion of PNI could slightly improve the discrimination of
the basic model (AUC=0.763),after including PNI (AAUC=0.015) was not statistically significant (NRI=0.017, 95% CI:
—0.197-0.411, P=0.49; IDI=0.001, 95% CI: —0.005-0.06, P=0.806) (Figure 3).

However, ROC analysis showed that PNI as a single continuous variable had good predictive performance for adverse
prognosis at both the end of the 2nd month and the 6th month of anti-tuberculosis treatment (AUC > 0.75).

Impact of PNI on the Calibration of the Basic Model

For adverse prognosis of anti-tuberculosis treatment at the end of the 2nd month, the calibration of the new model
incorporating PNI (Brier score=0.181) was improved compared with the basic model (Brier score=0.19). For adverse
prognosis of anti-tuberculosis treatment at the end of the 6th month, the calibration of the new model was slightly
improved compared with the basic model (ABrier score=0.001).The model at both time points still had good calibration
(both Brier scores < 0.25) (Figure 4).

Impact of PNI on the Clinical Utility of the Basic Model

Decision curve analysis showed that at the end of the 2nd month of anti-tuberculosis treatment, the new model
incorporating PNI had higher clinical net benefit than the basic model under a certain threshold probability;at the end
of the 6th month, the improvement by including PNI was not obvious (Figure 5).

Model Performance Evaluation and Summary

To assess the stability and generalizability of the established model, internal validation was performed via 1000 bootstrap
resamplings, and the model performance indicators were summarized. As shown in Table 7, for predicting adverse
prognosis at 2 months, the combined model incorporating PNI yielded an AUC of 0.789 (95% CI: 0.718-0.860), an
accuracy of 0.752, and a positive predictive value (PPV) of 0.721 (95% CI: 0.628-0.859), all of which were superior to
those of the basic model (AUC = 0.743, accuracy = 0.727, PPV = 0.610). When predicting adverse prognosis at 6
months, the combined model achieved an AUC of 0.763 (95% CI: 0.687-0.839), an accuracy of 0.727 and a PPV of
0.610, with only a slight improvement. These findings indicated that PNI exhibited more prominent incremental

predictive value for short-term prognosis.
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Figure 3 Variable selection for adverse prognosis using LASSO regression analysis.
Notes: (A) shows variable selection at the end of the 2nd month; (C) shows variable selection at the end of the 6th month; (B) shows the model at the 2nd month (A.min =
—2.827, 5 variables); (D) shows the model at the 6th month (A.min = —2.6, 3 variables).

Nomogram of the Prediction Model

A nomogram was established based on the variables of the new model at the end of the 2nd month:COPD, Age,
pulmonary cavity, CD4'T lymphocyte count and PLR. Taking Figure 6 as an example, the total score of a tuberculosis
patient summed up from each predictive variable was 2.11, and the risk probability of adverse prognosis of anti-
tuberculosis treatment at the end of the 2nd month was inferred to be 39.8% according to the model calculation.
A nomogram was plotted based on the variables of the new model at the end of the 6th month: sputum culture, PLR and
ALB.Similarly, as shown in Figure 7, for a randomly selected tuberculosis patient, the total score summed from the
above 3 independent variables and PNI was —1.52, and the risk probability of adverse prognosis of anti-tuberculosis
treatment at the end of the 6th month was inferred to be 48.7% (Figure 8).

In conclusion, it was found from the nomogram model that at the end of the 2nd month of anti-tuberculosis treatment,
the lower the PNI level, the older the age, the complicated with chronic obstructive pulmonary disease, pulmonary cavity,
the lower the CD4'T lymphocyte count and the higher the PLR, the higher the probability of adverse prognosis in
tuberculosis patients at the end of the 2nd month. At the end of the 6th month of anti-tuberculosis treatment, patients with
positive sputum culture, higher PLR and lower albumin had a higher probability of adverse prognosis.
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Figure 4 ROC curves of the prediction model for adverse prognosis based on PNI.
Notes: (A) End of the 2nd month; (B) End of the 6th month.
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Figure 5 Calibration curves of the prediction model for adverse prognosis based on PNI.
Notes: (A) End of the 2nd month; (B) End of the 6th month.

Discussion
Pulmonary tuberculosis remains a major global public health priority. At present, China has achieved overall tuberculosis

Predicted Probability

——— Base model : (AUC = 0.748)

~——— Base model+PNI : (AUC = 0.763)

Base model (0.189)

Base model+PNI (0.188)

control and yielded remarkable results through strategies such as full-course directly observed chemotherapy, as well as

case reporting and referral systems.'” Nevertheless, patients with active pulmonary tuberculosis present substantial

heterogeneity in clinical manifestations and disease progression, and their prognosis is affected by multiple factors.

Table 7 Model Performance Metrics and Summary Table Based on 1000-Time Bootstrap Internal Validation

Time Model AUC (95% CI) Accuracy | PPV (95% CI) NPV (95% CI) Brierscore | NRI (95% CI) | IDI (95% CI)
Point
End of Base model 0.743 0.727 0.610 0.830 0.190 - -
2nd month (0.669-0.817) (0.513-0.751) (0.772-0.915)
Combined 0.789 0.752 0.721 0.773 0.181 0.3%6 0.054
model (+PNI) (0.718-0.860) (0.628-0.859) (0.715-0.879) (0.095-0.697) (0.019-0.089)
End of 6™ Base model 0.748 0.685 0.553 0.859 0.189 - -
month (0.669-0.827) (0.519-0.801) (0.748-0.920)
Combined 0.763 0.727 0.610 0.830 0.188 0.017 0.001
model (+PNI) (0.687-0.839) (0.513-0.751) (0.772-0.915) (-0.197-0.411) | (-0.005-0.060)
Notes: The 95% confidence intervals for AUC, PPV, and NPV were all derived using the 1000-time bootstrap percentile method.
Abbreviations: PPV, Positive predictive value; NPV, Negative predictive value.
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Figure 6 Decision curve analysis (DCA) of the prediction model for adverse prognosis based on PNI.
Notes: (A) End of the 2nd month; (B) End of the 6th month.
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Figure 7 Nomogram for predicting adverse prognosis at the end of the 2nd month.

Therefore, it is necessary to identify high-risk populations at the early stage of treatment to enable timely clinical
intervention.Based on a single-center retrospective cohort analysis, this study explored the correlation between PNI and
adverse prognosis in patients with newly diagnosed active pulmonary tuberculosis undergoing anti-tuberculosis treat-
ment, and constructed and validated a risk prediction model for adverse prognosis. The aim is to provide a practical and
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Figure 8 Nomogram for predicting adverse prognosis at the end of the 6th month.

convenient clinical tool that enables clinicians to promptly identify, manage and treat pulmonary tuberculosis patients
with high nutritional risk, especially under the condition of limited nutritional risk screening resources. We adopted
a nomogram to visualize the risk prediction model.

Previous studies have confirmed that age, complicated chronic obstructive pulmonary disease (COPD), and pulmon-
ary cavity are independent risk factors for adverse prognosis.'”*® In terms of immunological indicators, the decrease in
CD4'T lymphocyte count is negatively correlated with poor prognosis in pulmonary tuberculosis patients, suggesting
that impaired cellular immune function is an important biological basis for adverse outcomes.?' Hematological inflam-
matory indicators, such as the platelet-to-lymphocyte ratio (PLR), have also been verified to be associated with the
formation of pulmonary tuberculosis cavities’” and affect the prognosis of tuberculosis patients. In the late stage of
treatment, positive sputum culture and decreased serum albumin level also indicate poor treatment efficacy and predict
adverse outcomes.”>** In the baseline data comparison of this study, it was also found that patients in the low PNI group
were characterized by older age, lower albumin level, higher bacterial load, more comorbidities, and higher inflammatory
level, which were consistent with the results of the above studies.

As an indicator comprehensively evaluating the nutritional status and immune function of patients, the Prognostic
Nutritional Index (PNI) has important clinical significance in the application of pulmonary tuberculosis patients. Ma
et al'' conducted a prospective cohort study involving 1075 treatment-naive hospitalized pulmonary tuberculosis
patients. The nutritional status of tuberculosis patients at admission was evaluated using indicators such as PNI, followed
by a one-year follow-up observation. The study found that severe malnutrition assessed by PNI was an independent risk
factor for all-cause mortality within one year in tuberculosis patients (HR: 2.94, 95% CI: 1.76-4.88, P<0.001). Tan et al'*
pointed out that PNI has good discriminative ability for predicting adverse prognosis in newly diagnosed pulmonary

Infection and Drug Resistance 2026:19 heeps: 13



Feng et al

tuberculosis patients, with the area under the receiver operating characteristic curve (AUC) reaching 0.862 (95% CI:
0.805-0.920, P<0.001). Tsukahara et al® discovered that for each 1-unit decrease in PNI, the mortality risk of non-HIV
pulmonary tuberculosis patients increased by 14% (HR=0.86, 95% CI: 0.82—0.91, P<0.001). Our findings are consistent
with the above view: low PNI serves as an independent risk factor for adverse outcomes in patients with newly diagnosed
active pulmonary tuberculosis during anti-tuberculosis treatment, and is linearly and negatively correlated with poor
prognosis.Nevertheless, previous studies have adopted the overall therapeutic efficacy as a single endpoint without
distinguishing differences between the intensive phase and maintenance phase of treatment. In the present study, we
further extended the predictive value of PNI to the specific population of patients with newly diagnosed active pulmonary
tuberculosis. Moreover, we established prediction models at two key time points—the intensive phase (end of month 2)
and the maintenance phase (end of month 6)—for the first time in the same cohort.

In recent years, the application of the Prognostic Nutritional Index (PNI) in the field of tuberculosis has expanded
from patients with ordinary pulmonary tuberculosis to special populations such as drug-resistant tuberculosis, comorbid
patients, and critically ill cases. Hu et al*® conducted a large-sample retrospective study involving 524 patients with
multidrug-resistant/rifampicin-resistant tuberculosis (MDR/RR-TB), and identified low PNI as an independent risk factor
for all-cause mortality (AUC = 0.783). The combined use of the HALP score, PNI, and CONUT score further increased
the predictive AUC to 0.811. Unlike the study by Hu et al, which focused on drug-resistant tuberculosis populations, the
present study targeted drug-naive patients with newly diagnosed active pulmonary tuberculosis, filling the research gap of
comprehensive predictive models based on PNI in this specific population. Liu et al*’ developed and internally validated
a nomogram for predicting adverse treatment outcomes in patients with pulmonary tuberculosis complicated by diabetes
mellitus (PTB-DM, AUC = 0.885). The model incorporated four predictors: age, BMI, pulmonary cavity, and glucose-to-
lymphocyte ratio, and was confirmed to yield significant net clinical benefit. Rather than focusing on a single comorbidity
as reported by Liu et al, the model established in our study included multi-dimensional predictive variables such as age,
comorbid COPD, CD4" T lymphocyte count, pulmonary cavity, and PLR, which can more comprehensively reflect the
integrated risk profile of patients with newly diagnosed active pulmonary tuberculosis.Yuan et al'*> demonstrated that the
combination of PNI and the Day 3 APACHE II score upon ICU admission could effectively predict the 30-day mortality
of critically ill tuberculosis patients (AUC = 0.952), and they further established a quantitative predictive formula: PA3 =
APACHE II score x 0.421 — PNI x 0.204. Different from Yuan’s study focusing on short-term mortality as the primary
endpoint, our research concentrated on therapeutic outcomes during anti-tuberculosis treatment.Notably, our results
revealed that the incremental predictive value of PNI for short-term prognosis (at the end of the 2nd month, AAUC =
0.046, NRI = 0.396) was markedly superior to that for long-term prognosis (at the end of the 6th month, AAUC = 0.015,
NRI = 0.017). This discrepancy may reflect the distinct pathophysiological characteristics across different stages of anti-
tuberculosis therapy.The intensive phase represents the critical period of confrontation between the host immune system
and Mycobacterium tuberculosis. As PNI integrates serum albumin and lymphocyte count, it directly mirrors the host’s
nutritional status and cellular immune function. Accordingly, the baseline PNI level at the early stage of anti-tuberculosis
treatment can reflect the efficacy of the immune system in eliminating Mycobacterium tuberculosis and the degree of
inflammatory injury. In contrast, treatment outcomes in the maintenance phase are more influenced by medication
adherence, management of adverse drug reactions, long-term control of comorbidities, and socioeconomic factors.This
finding also suggests that the optimal window for nutritional and immunological intervention may lie within the first two
months of anti-tuberculosis treatment.

In this study, ROC curve analysis was used to evaluate the predictive value of PNI, and the optimal cut-off value was
determined according to the maximum Youden index. The optimal cut-off value of PNI for predicting adverse prognosis
at the end of the second month was approximately 40.5, with a sensitivity of 0.78 and a specificity of 0.72.Accordingly,
clinicians may categorize patients with PNI < 40 as a high-risk group. For these individuals, systematic nutritional risk
assessment (eg, NRS 2002) should be performed upon admission, and individualized nutritional support should be
initiated, including a high-protein and high-energy diet, oral nutritional supplements, and parenteral nutrition when
necessary. Meanwhile, follow-up frequency should be intensified within the first two months of anti-tuberculosis
treatment, with sputum smear, sputum culture and chest imaging examinations reviewed every two weeks. For patients
complicated with hypoalbuminemia (ALB < 30 g/L), short-term human albumin supplementation may be considered.
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Nevertheless, these recommendations are based on single-center retrospective data and have not been validated by
prospective intervention trials; therefore, clinical application should be individualized according to each patient’s
condition.

As a single-center retrospective cohort study, the present research has several limitations.(1) First, the retrospective
design cannot completely eliminate the influence of residual confounding. Unmeasured variables, such as socioeconomic
status, family support system, actual medication adherence, serum concentrations of anti-tuberculosis drugs, and detailed
dietary intake, may affect both PNI levels and treatment outcomes simultaneously, thereby causing bias in effect size
estimation.(2) Second, all enrolled participants were inpatients from the Department of Infectious Diseases of Suining
Central Hospital, which may lead to selection bias toward critically ill patients. Accordingly, the findings may not be
directly applicable to the following populations: 1 mild or asymptomatic pulmonary tuberculosis patients treated in
outpatient or primary healthcare settings; 2) home-based patients enrolled in community tuberculosis management
programs; (3 patients in rural or remote areas with poor medical accessibility and a higher prevalence of malnutrition.
In addition, patients with retreated tuberculosis, drug-resistant tuberculosis, HIV co-infection, malignant tumors, and
autoimmune diseases were excluded from this study; hence, the established model is not suitable for these special
populations.(3) Finally, the sample size of this study was relatively limited. The model exhibited good performance only
in internal validation, without external validation. Therefore, further prospective external validation is required in
multicenter cohorts, medical institutions at different levels, and populations from diverse regions, to evaluate the
generalizability and calibration stability of the model.

Conclusions and Prospects

In conclusion, based on single-center retrospective data,this study conducted and validated a PNI-based nomogram
model for predicting adverse prognosis of anti-tuberculosis treatment in treatment-naive patients with active pulmonary
tuberculosis. The results showed that PNI acts as an independent protective factor against adverse outcomes during anti-
tuberculosis treatment in this patient population, with a superior incremental predictive value for short-term prognosis (at
the end of the 2nd month) compared with long-term prognosis (at the end of the 6th month).The nomogram established
using PNI together with age, chronic obstructive pulmonary disease, CD4" T cell count, pulmonary cavity and PLR
exhibited good discriminative ability and calibration in internal validation. This model is expected to assist clinicians in
identifying high-risk patients early and initiating individualized nutritional and immunological interventions.
Nevertheless, external validation is still required before its widespread clinical application.
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