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Abstract: Objective To develop and validate a nomogram prediction model for the early diagnosis of active pulmonary
tuberculosis (ATB) based on LASSO regression. Methods A total of 403 patients with ATB admitted to the Third
People’s Hospital of Kunming between March 2021 and March 2023 were used as the experimental group, and 175 cases

of healthy physical examiners during the same period were selected as the control group. General information and
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laboratory test results of patients were collected, variables were screened using LASSO regression based on R software,
and multivariable logistic regression was performed. A nomogram model of ATB was established based on the results of
multivariable analysis, and internal validation was performed using receiver operating curve ( ROC) and calibration
curves, while clinical utility analysis using clinical decision curves. Results A total of 19 potential risk factors were
screened by LASSO regression, namely C-reactive protein ( CRP), haptoglobin (HAP), immunoglobulin G (IgG),
absolute number of CD4" lymphocytes ( CD4" ), ratio of CD4" lymphocytes to CD8" lymphocytes ( CD4"/CD8" ),
interleukin (IL)-1@8, IL-6, IL-8, IL-10, IL-17, lymphocyte percentage (LYM% ), monocyte percentage (MON% ),
eosinophil percentage (EOS% ), mean corpuscular hemoglobin concentration ( MCHC), mean red blood cell volume
(MCV), platelet count (PLT), red blood cell distribution width-standard deviation ( RDW-SD ), neutrophil to
lymphocyte ratio (NLR) and platelet large cell ratio (PLCR). Multirariable analysis showed that CRP ( OR=1.352,
95%CI; 1.134-1.612) , 1L-6 (OR=1.165, 95%CI . 1.032-1.315) ,1L-8 (OR=1.105, 95%CI; 1.019-1.198) , IL-10
(OR=1.544, 95%CI. 1.066-2.235), EOS% (OR=1.386, 95%CI; 1.105-1.737) , MCV (OR=1.154, 95%ClI;
1.051-1.737) , PLT (OR=1.025, 95%CI. 1.013-1.037) , and MCHC (OR=0.899, 95%CI. 0.854-0.946) were the
independent risk factors for ATB. According to the nomogram, the ROC was plotted and showed that AUC of ATB risk
predicted by model was 0.982 (95% CI. 0.973-0.991), the calibration curve results showed that the predicting
probability of ATB risk by the nomogram model was basically consistent with the actual probability, and the results of
decision curve analysis showed that when the probability threshold of the nomogram model predicting the risk of ATB was
more than 0.05, the net benefit value of the patients was greater than 0. Conclusion The risk of ATB increases with
increasing levels of CRP, IL-6, IL-8, IL-10, EOS%, MCV, PLT and decreasing levels of MCHC. The nomogram
prediction model based on the above factors can be used for the early diagnosis of ATB.
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count; Interleukin; C-reactive protein; Mean corpuscular hemoglobin concentration
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Fig. 2 LASSO regression cross-validation results
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Tab. 1 General information on each diagnostic factor for ATB

diagnosis in the LASSO regression screening results

WiH ATB #(n=403) XA (n=175) VA P{H
CRP 13.60(2.53,30.27) 1.00(0.60,2.01) 189.349  <0.001
HAP 177.85(92.98,251.93)  89.60(62.60,134.50)  85.228 <0.001
IsG 12.02(9.94,14.49) 10.88(9.53,12.37) 22.030 <0.001
CD4* 535.00(383.09,734.50) 749.00(607.00,898.00) 73.412 <0.001
CD4*/CD8* 1.59(1.08,2.10) 1.52(1.20,1.91) 0.004  0.947

IL-18 2.55(1.42,6.27) 3.34(1.49,6.25) 1169 0.280
IL-6 10.86(4.14,26.69) 2.51(1.26,4.68)  181.423 <0.001
IL-8 8.64(2.32,18.49) 2.05(1.26,4.68)  100.869 <0.001
IL-10 2.54(1.42,4.18) 1.15(0.85,1.57)  128.046 <0.001
IL-17 3.75(1.64,11.37) 1.69(1.26,3.01)  49.670 <0.001
LYM% 23.90(16.34,32.20)  33.50(27.70,40.90)  90.371 <0.001
MON% 8.30(6.60,10.50) 6.80(5.70,8.10)  45.155 <0.001
E0S% 2.10(1.10,3.80) 1.40(0.80,2.40)  25.155 <0.001
MCV 89.70(85.80,93.60)  87.70(85.20,90.00)  23.831 <0.001

MCHC 327.00(318.00,336.00) 345.00(337.00,351.00) 192.500 <0.001
RDW-SD 44.30(41.70,48.40) 39.90(38.30,41.90)  134.877 <0.001
PLT 282.00(247.00,333.00) 244.00(215.00,265.00) 89.974 <0.001
PLCR 22.90(18.80,29.10)  24.50(20.90,29.65) 8.076  0.004
NLR 2.62(1.74,4.28) 1.66(1.21,2.21) 76.729  <0.001
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Fig. 3 Nomogram diagram model for ATB risk prediction
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