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Enhanced Rapid Screening for
Multidrug-resistant tuberculosis
through combined cardiometabolic
and inflammatory indices: a cross-
sectional study
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Multidrug-resistant tuberculosis (MDR-TB) remains a global public health challenge. We aimed to
investigate the utility of combining the cardiometabolic index (CMI) and systemic inflammation
response index (SIRI) as biomarkers for rapid MDR-TB screening. Data were collected from 2,620 TB
patients in Zibo city from 2018 to 2021. Logistic regression and receiver operating characteristic
(ROC) curve analyses were used to evaluate the associations and diagnostic performance of CMI and
SIRI with MDR-TB. The prevalence of MDR-TB was 5.0% in new TB patients and 20.5% in recurrent

TB patients. Both CMI and SIRI were significantly associated with MDR-TB in all models (P < 0.05).

In new TB patients, the area under the curve (AUC) values of the ROC curves for SIRI, CMI, and their
combination were 0.845, 0.806, and 0.910, respectively. In recurrent TB patients, the AUC values were
0.730, 0.875, and 0.902, respectively. The optimal cut-off points for SIRI and CMI were 0.72 and 1.81 in
new TB patients, and 1.05 and 1.48 in recurrent TB patients, respectively. In conclusion, combining CMI
and SIRI shows promise as a low-invasive, cost-effective tool for early MDR-TB screening, warranting
further validation in diverse populations and TB subtypes.
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Abbreviations

AUC Area under the curve

CI Confidence interval

CMI Cardiometabolic index

HDL-c High-density lipoprotein cholesterol
INH Isonicotinic acid hydrazide
MDR-TB  Multidrug-resistant tuberculosis
OR Odds ratio

RIF Rifampicin

ROC Receiver operating characteristic
SIRI Systemic inflammation response index
TB Tuberculosis

Tuberculosis (TB) remains a significant global public health challenge, particularly with the rise of multidrug-
resistant TB (MDR-TB). According to the World Health Organization, TB is one of the top ten causes of death
worldwide and is the leading cause of death from a single infectious agent, surpassing even HIV/AIDS'. The
emergence of MDR-TB, defined as TB resistant to at least isonicotinic acid hydrazide (INH) and rifampicin
(RIF), complicates treatment regimens and significantly increases morbidity and mortality®. Rapid and accurate
identification of MDR-TB is crucial for effective treatment and containment of the disease. Traditional diagnostic
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methods for TB drug resistance, including Mycobacterium tuberculosis culture and drug susceptibility testing,
are time-consuming and resource-intensive. While innovative molecular technologies such as Xpert MTB/RIF
have improved the diagnostic speed, they are not easily accessible because of their high cost and equipment
requirements’. Therefore, there is an urgent need for simplified, cost-effective screening tools that can rapidly
identify individuals at high risk of developing MDR-TB, enabling timely intervention and appropriate treatment.

The cardiometabolic index (CMI), a composite measure incorporating anthropometric and metabolic
parameters, has been extensively studied in the context of cardiovascular diseases and metabolic disorders®.
Mounting evidence indicates that disturbances in glucose and lipid metabolism may influence TB progression
and treatment response™®. However, the potential association between CMI and drug-resistant TB remains
unclear. The systemic inflammation response index (SIRI) is a novel complex biomarker adopted to demonstrate
the body’s overall inflammatory and immune response’. Elevated SIRI levels have been linked to poor outcomes
in various chronic inflammatory conditions, including cancer and cardiovascular diseases’™®. In the context of
TB, despite the close relationship between systemic inflammation and TB pathogenesis and progression, few
studies have assessed whether the SIRI is a valuable clinical indicator for predicting or assisting in the diagnosis
of drug-resistant TB.

In this study, we aimed to evaluate the utility and reliability of combining the CMI and SIRI as a rapid and
simplified screening tool for TB drug resistance.

Results

Characteristics of the study participants

The sociodemographic and clinical characteristics of the patients categorized by new or recurrent TB are
summarized in Table 1. The median age of all patients was 41.7 years, with no significant differences observed
between new and recurrent TB patients in terms of median age or age distribution. A significant difference in
sex distribution was observed, with males accounting for 64.4% of new patients and 70.8% of recurrent patients
(P=0.027). With respect to educational attainment, a greater proportion of the recurrent patients had a lower
level of education than did the new patients (P=0.001). Specifically, 55.2% of the recurrent patients had only a
primary education level, whereas 44.1% of the new patients did. In terms of health-related behaviours, recurrent
TB patients were more likely to be smokers and reported higher alcohol consumption than new patients (41.6%
versus 34.1%, P=0.009 for smoking; 47.7% versus 39.2%, P=0.004 for alcohol consumption). Significant
differences in certain inflammatory and metabolic variables, including the neutrophil count, lymphocyte count,
and triglyceride level, were also detected between new and recurrent patients (all P<0.05).

Associations of inflammatory and metabolic biomarkers with TB drug resistance

The results of the logistic regression analysis presented in Table 2 indicate that the CMI and SIRI were positively
associated with drug-resistant TB and MDR-TB, regardless of whether patients were newly diagnosed or had
received prior treatment.

In terms of CMI, among new TB patients, the crude odds ratio (OR) of the CMI was 1.27 (95% CI: 1.20-1.35)
for drug-resistant TB and 1.74 (95% CI: 1.59-1.90) for MDR-TB. These associations remained significant after
adjusting for sex and age in the Model 1 and further adjusted for education level, smoking status, and alcohol
consumption in the Model 2 (all P<0.05). In recurrent TB patients, the OR of the CMI in relation to MDR-
TB showed a similar trend, with a crude OR of 2.08 (95% CI: 1.69-2.55), which remained significant after
adjustment in the Model 1 (OR=2.10, 95% CI: 1.70-2.59) and Model 2 (OR =2.09, 95% CI: 1.70-2.58).

In new TB patients, the crude OR of the SIRI was 2.23 (95% CI: 1.89-2.63) for drug-resistant TB and 6.17
(95% CI: 4.68-8.13) for MDR-TB. In recurrent TB patients, the crude OR of the SIRI was 1.90 (95% CI: 1.25-
2.89) for drug-resistant TB and 4.22 (95% CI: 2.55-7.00) for MDR-TB. Similar to CMI, further adjustments
for confounding factors in Model 1 and Model 2 mildly changed but did not substantially affect the above
associations (all P<0.05).

Diagnostic usefulness of combined CMI and SIRI

The diagnostic performance of the combined CMI and SIRI for detecting MDR-TB is presented in Fig. 1. In new
TB patients, the area under the curve (AUC) values for the SIRI, CMI, and their combination were 0.845, 0.806,
and 0.910, respectively. For recurrent TB patients, the AUC values for the SIRI, CMI, and their combination were
0.730, 0.875, and 0.902, respectively. The optimal cut-off points were determined via the Youden index method.
Among new TB patients, a combined SIRI value of 0.72 and a CMI value of 1.81 yielded the highest Youden’s
index of 0.682, corresponding to a sensitivity of 0.861 and a specificity of 0.821. In recurrent TB patients, a
combined SIRI value of 1.05 and a CMI value of 1.48 maximized the Youden index at 0.655, with a sensitivity of
0.778 and a specificity of 0.878.

Discussion

In this study, we explored the diagnostic usefulness of combining CMI and SIRI for detecting MDR-TB in both
new and recurrent TB patients. Our findings suggest that this combined approach has significant potential for
rapid and cost-effective screening of MDR-TB, offering a practical and scalable solution for TB management,
especially in resource-limited settings.

The associations among metabolic disturbances, chronic systemic inflammation, and drug-resistant
TB are increasingly recognized in the literature>'®!!. An increased inflammatory response, which is usually
characterized by elevated inflammatory cytokines and altered immune cell proportions, may cause an imbalance
in the systemic microenvironment, and promote the development and progression of drug-resistant TB!>!3. The
close link between aberrant glucose-lipid metabolic profiles and the inflammatory response has been extensively
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New TB patients | Recurrent TB patients | P value
Number 2312 308
Age 41.5 (30.5-55.4) | 44.3 (30.6-59.5) 0.127
Young (< 35 years) 876 (37.9) 110 (35.7)
Middle (36-55 years) 864 (37.4) 106 (34.4) 0.149
Elder (> 56 years) 572 (24.7) 92 (29.9)
Gender
Male 1489 (64.4) 218 (70.8)
Female 823 (35.6) 90 (29.2) 0027
Educational attainment level
High (> 13 years) 589 (25.5) 61(19.8)
Middle (10-12 years) 704 (30.4) 77 (25.0) 0.001
Primary (<9 years) 1019 (44.1) 170 (55.2)
Diabetes
No 2119 (91.7) 279 (90.6)
Yes 193 (8.3) 29(9.4) 0527
Smoking
No 840 (36.3) 87 (28.2)
Previous 683 (29.5) 93 (30.2) 0.009
Yes 789 (34.1) 128 (41.6)
Alcohol drinking
No 1406 (60.8) 161 (52.3)
Yes 906 (39.2) 147 (47.7) 0.004
Drug-resistant tuberculosis
No 1832 (79.2) 143 (46.4)
Yes 480 (20.8) 165 (53.6) <0001
MDR-TB
No 2197 (95.0) 245 (79.5)
Yes 115 (5.0) 63 (20.5) <00t
Neutrophil count, 10°/L 3.5(2.7-4.6) 4.0 (2.8-5.3) <0.001
Monocyte count, 10°/L 0.2 (0.1-0.4) 0.2 (0.1-0.4) 0.792
Lymphocyte count, 10%/L 2.2 (1.7-2.8) 2.1(1.6-2.7) 0.001
Systemic Inflammation Response Index | 0.4 (0.2-0.7) 0.4 (0.2-0.8) 0.003
Triglyceride, mmol/L 1.0 (0.7-1.6) 1.2 (0.8-2.0) <0.001
HDL-c, mmol/L 0.6 (0.5-1.0) 0.6 (0.5-0.8) 0.059
Waist-Height Ratio 0.5 (0.4-0.5) 0.5 (0.4-0.6) 0.006
Cardiometabolic Index 0.8 (0.4-1.6) 0.9 (0.5-2.0) <0.001

Table 1. Sociodemographic and clinical characteristics of new and recurrent tuberculosis patients in Zibo
City, China, 2018-2021. Data are presented as median (interquartile range) or number (percentage). P values
are derived from the results of Mann-Whitney U test or Chi-square test. MDR-TB, multidrug-resistant
tuberculosis. HDL-c, high-density lipoprotein cholesterol.

studied in recent decades!*!>. Diabetes, obesity, and dyslipidaemia are strongly associated with elevated levels
of numerous inflammatory cytokines, including IL-7, TNF-a, and TGF-!*. During the progression of TB
infection, low HDL-c levels can exacerbate systemic inflammation!®. A recent study demonstrated that obesity-
induced chronic dysbiosis aggravated pulmonary inflammation via increased production of IFN-y in TB-
infected mice!”. Taken together, it is reasonable to conjecture that CMI, which integrates central obesity and
lipid metabolism, and SIRI, which are used to assess systemic integrated inflammation, could be applied in the
initial clinical screening and prediction of drug-resistant TB. We found that CMI and SIRI individually have
good diagnostic value, while their combination provides a better model, which improves the diagnostic efficacy
from “good” (0.7 <AUC<0.9) to “excellent” (AUC>0.9)'8. These results provide preliminary support for our
previous hypothesis to some extent.

To date, conventional culture-based drug susceptibility testing remains the gold standard for diagnosing
drug-resistant TB. However, its limitations are evident, including time consumption and susceptibility to
contamination. Recent advancements in molecular-based tests, such as the Xpert MTB/RIF Assay, offer a rapid
and accurate method for identifying drug-resistant TB. Nonetheless, the special equipment requirements and
high testing costs present substantial challenges for widespread implementation of these ideal technologies,
particularly in most low- and some middle-income countries and areas!®. Unlike molecular-based tests, CMI
and SIRI are derived from routine clinical examinations and laboratory tests, making them widely accessible
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New TB patients Recurrent TB patients
Drug-resistant TB MDR-TB Drug-resistant TB MDR-TB
Factor OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

CMI | Crude 1.27 (1.20-1.35) | <0.001 | 1.74 (1.59-1.90
Model 1 | 1.26 (1.19-1.34) | <0.001 | 1.73 (

Model 2 | 1.21(1.13-1.28) | <0.001 | 1.70 (1.56-1.86

SIRI | Crude 2.23(1.89-2.63) | <0.001 | 6.17 (4.68-8.13

(

(

<0.001 | 1.61 (1.32-1.96) | <0.001 | 2.08 (1.69-2.55) | <0.001

1.58-1.89) | <0.001 | 1.64 (1.34-2.01) | <0.001 |2.10(1.70-2.59) | <0.001

(
<0.001 | 1.67 (1.35-2.06) | <0.001 |2.09 (1.70-2.58) | <0.001
<0.001 | 1.90 (1.25-2.89) | 0.003 4.22 (2.55-7.00) | <0.001
(
(

Model 1 | 2.19 (1.86-2.59) | <0.001 | 6.05 (4.56-8.02
Model 2 | 2.02 (1.71-2.39) | <0.001 | 5.67 (4.25-7.56

<0.001 | 1.92(1.26-2.93) | 0.002 4.31 (2.57-7.21) | <0.001
<0.001 |2.15(1.32-3.49) | 0.002 5.03 (2.90-8.73) | <0.001

)
)
)
)
)
)

Table 2. Logistic regression analyses of CMI and SIRI associations with drug-resistant TB among patients in
Zibo City, China, 2018-2021. P values are derived from logistic regression analysis. CI, confidence interval;
CMI, Cardiometabolic Index; MDR-TB, multidrug-resistant tuberculosis; OR, odds ratio; SIRI, systemic
inflammation response index; TB, tuberculosis. Model 1: Adjusted for gender and age; Model 2: Adjusted for
gender, age, education level, smoking status, and drinking status.

and affordable. It is worth noting that while CMI and SIRI cannot diagnose drug-resistant TB on their own, they
can be used in combination with other methods to improve diagnostic efficiency without additional economic
burden and extra invasive examination. More importantly, they may serve as a low-cost early screening tool to
identify patients at high risk of developing drug-resistant TB before it occurs. Early identification of TB patients
susceptible to drug resistance can enable timely initiation of appropriate preventive intervention, potentially
reducing the development and transmission of drug-resistant strains and improving overall TB control, which
is relevant in resource-limited areas.

This study has several strengths, including a large sample size, the inclusion of both new and recurrent TB
patients, and the use of real-world clinical data. To the best of our knowledge, this is the first study to evaluate the
combined diagnostic utility of CMI and SIRI for MDR-TB, providing a feasible and practical diagnostic strategy
that can be easily integrated into various healthcare settings. However, the limitations of this study should also be
cautiously considered. First, the study was conducted in a single centre in a city in China, which may restrict the
applicability of our results to other populations with various demographic and environmental characteristics.
Further external validation in diverse settings is essential to confirm the model’s utility. Additionally, smear-
negative TB patients were not included, meaning the associations of CMI and SIRI with drug-resistant TB and
the predictive performance of this composite index for drug resistance in smear-negative patients remain unclear.
Finally, the cross-sectional design limits our ability to establish causality between the observed associations.
Prospective studies are needed to assess the predictive value of CMI and SIRI for the risk of developing drug-
resistant TB.

In conclusion, our study highlights the potential of combining CMI and SIRI as a rapid, cost-effective, and
low-invasive screening tool for MDR-TB. This approach leverages the metabolic and inflammatory pathways
involved in TB pathogenesis, offering a more comprehensive assessment of risk.

Methods

Study population and study design

All Ziehl-Neelsen smear-positive pulmonary TB patients treated at Zibo Specialized Tuberculosis Hospital from
1 January 2018 to 31 December 2021 were included in this study initially (number=3033), and the details
of this study have been described previously”. Patients were excluded if they met the following exclusion
criteria: non-provision of valid informed consent (number =247); incomplete medical records or missing some
clinical data (number = 131); history of self-reported or diagnosed severe drug, tobacco, or alcohol dependence
(number =23); diagnosed cancer or malignant tumour (number =12). Finally, A total of 2,620 TB patients were
enrolled in this study. All TB diagnoses followed the Chinese clinical guidelines for TB diagnosis and treatment.
Drug susceptibility tests were performed according to the World Health Organization technical manual?!. This
study was approved by the Ethics Committee of Zibo First Hospital. The design and all procedures of this study
were in accordance with the Declaration of Helsinki.

Data collection

Demographic and clinical information, including age, gender, educational level, medical records, and disease
history, was collected by well-trained clinicians. Diabetes was diagnosed based on fasting blood glucose>7.0
mmol/L or self-reported previously diagnosed diabetes. Smoking status was classified as smoker, former smoker,
or non-smoker?%. Smokers refer to individuals who are currently smoking and have smoked within the past 30
days. The former refers to individuals who used to smoke but had not smoked within the past 30 days. Drinking
was defined as average alcohol consumption of at least 40 g per week during the past 12 months?.

The physical examinations were conducted by trained staff. Height and weight were measured with a calibrated
instrument, and waist were measured with a tape. Blood glucose, triglyceride (TG), and high-density lipoprotein
cholesterol (HDL-c) levels derived from clinical chemistry test were assessed via standard enzymatic methods
with a Beckman AU680 analyser (Beckman Coulter, USA). Neutrophil, monocyte, and lymphocyte counts
derived from complete blood count were performed with an Automated Haematology Analyser XS1000i/800i
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Combined CMI and SIRI 0.902

Fig. 1. ROC curves of CMI and SIRI for the detection of multidrug-resistant tuberculosis. (A) New
tuberculosis patients; (B) recurrent tuberculosis patients; (C) Summary table of AUC values for incident and
recurrent TB patients. CMI, cardiometabolic index; ROC, receiver operating characteristic; SIRI, systemic
inflammation response index.
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(Sysmex, Japan). The CMI was calculated as the product of the TG/HDL-c ratio and waist-to-height ratio®. The
SIRI was calculated as the product of the neutrophil and monocyte counts divided by the lymphocyte count’.

Statistical analysis

Data are presented as medians (interquartile ranges) or numbers (percentages). The Mann-Whitney U test
was used to compare nonnormally distributed continuous variables, whereas the Chi-square test was used to
compare categorical variables across groups. Univariable and multivariable binary logistic regression analyses
were conducted to assess the associations of the CMI and SIRI with drug-resistant TB and MDR-TB. A receiver
operating characteristic (ROC) curve was used to evaluate the screening performance of the CMI, SIRI, or both
for detecting drug-resistant TB. All the statistical tests were two-tailed, and P < 0.05 was considered statistically
significant. Statistical analysis was conducted with SPSS 18.0 software (IBM Corp., USA).

Data availability
The data are available from the corresponding author upon reasonable request and with permission from Zibo
First Hospital.
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