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Background: The purpose of this study was to investigate the association of the triglyceride
glucose (TyG) index, a surrogate marker of insulin resistance (IR) with a high sensitivity of
96.5% and a specificity of 85.0% for the diagnosis of IR, with computed tomography (CT)
features in patients with tuberculosis and diabetes mellitus.

Methods: A total of 247 subjects were enrolled from July, 2020 to May, 2021. The basic
clinical features and CT features were analyzed. In addition, multivariate logistic regression
analysis models were employed to evaluate the association of the TyG indicator with CT
features in participants.

Results: In the quartile groups of TyG index, air bronchial sign detection rate was 11.7%,
14.5%, 23.2%, and 44.1%; large segmented leafy shadow detection rate was 27.9%, 40.6%,
46.4%, and 66.2%; thick-walled cavity was found in 38.2%, 43.4%, 57.9%, and 69.1%; the
rate of multiple cavities was 17.6%, 27.5%, 36.2%, 52.9%; the rate of lymph node enlarge-
ment was 22.1%, 17.4%, 28.9%, and 38.2%, respectively. In addition, the positive relation
with the TyG index and the prevalence of abnormal CT signs was observed in the fully
adjusted model: TyG, per one-unit increase: air bronchial sign: adjusted odds ratio (AOR)
3.92, 95% CI 1-15.35, P = 0.049; multiple cavities: AOR 4.1, 95% CI 1.26-13.31, P =
0.019; thick-walled cavity: AOR 2.89, 95% CI 1.05-8.03, P = 0.041. In quartile of TyG
index, compared with patients in quartile 1, the AOR (95% CI) values for air bronchial sign
in quartile 4 was 8.1 (1.7-44), p = 0.011; multiple cavities was 7.1 (1.7-32), p = 0.008; thick-
walled cavity was 7.8 (1.9-34.7), p = 0.005.

Conclusion: The present study showed that an increased TyG index was positively related
to the severity of patients with T2DM-PTB.
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Introduction

Tuberculosis (TB) is currently one of the major contributors of death due to
infectious diseases and is a critical global public health care issue with a high
According to the report of the Global
tuberculosis report 2021, China has the second largest TB burden in the world,

incidence in many developing countries.'

accounting for 8.5% of global TB incidence in 2020.> Some infectious and non-
infectious comorbidities have been considered risk factors for the progress of
pulmonary TB (PTB), such as human immune deficiency virus (HIV) infection,
T2DM, malnutrition, tobacco smoking and alcoholism related diseases.’

T2DM is a potential risk factor for tuberculosis. Some meta-analysis studies
have demonstrated that compared with patients with solitary PTB, patients with
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T2DM-PTB show a 2-to-4-fold higher risk of developing
active or multidrug-resistant TB.*® A strong relationship
exists between TB and T2DM. A recent meta-analysis
reported that 16% of newly treated patients with TB
have T2DM and approximately 4.1% of patients with
T2DM may progress to TB.” In 2017, approximately
800,000 newly diagnosed cases of TB were ascribed to
T2DM, and T2DM is the main risk factor that contributes
to most case of TB in developing countries, even more
than that contributed HIV infection.®

Generally, patients with T2DM-PTB exhibit the patho-
physiological characteristic of disturbance of glucose and
lipid-metabolism. Previous research has shown that insulin
resistance (IR) plays a role in the pathogenesis of TB to
a certain extent.”'® IR is a hallmark of metabolism dis-
orders and systemic inflammation.'’ The current detection
tests to evaluate IR are hyperinsulinaemic-euglycaemic
clamps and homeostatic model assessment (HOMA),
which are costly and complicated and are therefore incon-
venient for routine clinical practice.'> Hence, a reliable
and simple index to assess IR effectively is urgently
required. Recently, a novel and convenient indicator, tri-
glyceride glucose (TyG) indicator, has been reported to be
a dependable alternative for the diagnosis of IR with
a high sensitivity and specificity.'® Several studies have
proved that the TyG indicator is correlated with an
increased risk of T2DM, high blood pressure, metabolic
syndrome, and heart disease.'*!”

As far as we know, the correlation between CT ima-
ging features and the TyG index in patients with T2DM-
PTB remains unknown. Recently, Yang et al'® reported
that the association of imaging findings of patients with
T2DM-PTB with HOMA-IR values. However, HOMA-IR
may not be an ideal method for routine clinical monitoring
for many hospitals because of its high cost and complexity.
Moreover, potential TB risk factors (eg, age, sex, body
mass index (BMI), smoking status and alcoholism, dysli-
pidemia, blood pressure, and HbAlc level) were not
included in the multivariate analysis to determine the
association between imaging findings and HOMA-IR in
their study. We believe that some potential confounding
factors is important to enhance the reliability of the model.
To address this knowledge gap and explore the association
between the TyG indicator and CT characteristics and
clinical features of patients with T2DM-PTB, we con-
ducted the present study to help clinicians to evaluate the
severity of patients with T2DM-PTB through a simple and
effective method.

Methods
Study Design

This was a retrospective cross-sectional study, which was
carried out in the Chongqing Public Health Medical Center
(CPHM). From lJuly, 2020 to May, 2021, 247 patients
(aged 27-90 years) with the diagnosis of T2DM-PTB
were enrolled. The main inclusion criteria were as follows:
(1) age no less than 18 years; (2) antituberculosis therapy
no more than one week before hospitalization in CPHM.
Previous studies have reported that antituberculosis ther-
apy may impact the blood glucose of patients after 2
weeks, especially rifampicin and isoniazid;'*** (3) the
diagnostic criterion of active PTB conform to at least
one following laboratory test: sputum or Bronchial lavage
fluid (BALF) smear positive, sputum or BALF bacterial
culture positive, GeneXpert Mycobacterium tuberculosis/
rifampicin resistance in sputum or BALF positive. Patients
were excluded based on the following criteria: (4) using
lipid-lower agents; (5) Patients who had incomplete clin-
ical data, history of tumor, rheumatoid arthritis, or asthma,
or coinfected with HIV and HBV.

Data Collection and Definitions

The clinical features of all subjects, including age, sex,
body mass index (BMI), smoking status, drinking history,
Symptoms, comorbidities, blood pressure, serum lipid,
fasting blood glucose (FBG), HbA lc, Platelet, coagulation
indices, including Prothrombin time (PT), activated partial
thromboplastin time (APTT), mean platelet volume
(MPV), plateletcrit (PCT), platelet distribution width
(PDW), and medical medications history were all copied
from the Electronics Medical Records (EMR) management
system of CPHM.

Definition of Variables

TyG Index

We evaluated the TyG index using the following formula:
Ln (fasting TG [mg/dL] x FBG [mg/dL]/2)."* TyG index
was categorized as four groups according to its quartile in
this study.

Smoking Status
Smoking status was defined as if one smoked at least 100
cigarettes in life: Yes (smoker) or No (non-smoker).

Drinking History
We defined one as one has ever had 1 drink of any alco-
holic beverages, including liquor, beer, wine, wine coolers,
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and any other type of alcoholic beverage in his/her entire
life, not counting small tastes or sips.

Comorbidities

It included hypertension, dyslipidemia, pneumonia,
chronic obstructive pulmonary disease, coronary heart dis-

ease, bronchiectasis, hypoproteinemia, and renal failure.

Antidiabetic Use
It included Oral antidiabetic agents and insulin.

Diabetes Mellitus
We defined diabetes mellitus as patients who self-reported,
HbAlc >6.5%, or FBG >7 mmol/L.>

Diabetes Status
It was classified as diabetes-poor control (HbAlc >7%) or
diabetes-good control (HbAlc <7%).

Dyslipidemia

Based on the 2007 Chinese guidelines on the prevention
and treatment of dyslipidemia,** dyslipidemia was defined
as TC (total cholesterol)>6.2 mmol/L, TG (triglyceride)
>2.3 mmol/L, HDL-C <1.0 mmol/L, low-density lipopro-
tein cholesterol (LDL-C) >4.1 mmol/L. Diabetes mellitus
was defined as FBG > 7.0 mmol/L, postprandial blood
glucose (PBG) >11.1 mmol/L, glycated haemoglobin
(HbAlc) >6.5% or self-reported use of antidiabetic
medication.

CT Image Acquisition and Definition

Two experienced radiologists who were blinded to the
related clinical data examined the CT images, and
a senior TB expert made the final decision if the explana-
tions of imaging results from the two radiologists were
different. The CT examination was performed using
Aquilion (Toshiba Medical Systems, Tokyo, Japan). The
scan layer thickness and interval, 5.0 and 5.0 mm, respec-
tively. The imaging assessments consisted of number of
pulmonary lobes involved; (a) small patchy shadow (the
lesions in the lungs were high density and the central
density was higher than the periphery, and the edges
were blurred); (b) air bronchial sign (the phenomenon of
air-filled bronchi being made visible by the opacification
of surrounding alveoli. It is almost always caused by
a pathologic airspace/alveolar process, in which some-
thing other than air fills the alveoli); (c) large segmented
leafy shadow (pathological tissues that caused by inflam-
mation, edema, bleeding would replace the gas in the
alveolar space to produce flaky shadows. The lesion that

appears as a larger segment of the lung has an increased
density and uniform solid shadow);'® (d) cavity (a patho-
logic gas-filled space in the lung parenchyma with
a border, or wall, which was caused by infection with
a pathogen of the M. tuberculosis complex).”> The CT
feature of cavities is divided into several types: (1) the
thick-walled cavity: cavity wall is >3 mm; (2) the thin-
walled cavity: cavity wall is < 3mm; (3) The multiple
cavity: the number of cavities on the CT imaging >2; (4)
Single cavity: solitary cavity on the CT imaging; calcifica-
tion (deposits of calcium that appear white on CT imaging
and may present as parenchymal granulomas, mediastinal
lymph nodes, and fibronodular areas of lung involvement);
fibrosis (reticulation, architectural distortion, and honey-
combing involving the lung lobes); pleural effusion (pre-
sence of a significant amount of fluid within the pleural
space); and lymph node enlargement (presence of enlarge-
ment of lymph nodes in one or both hila or within the
mediastinum, and the lymph node >10 mm in short axis
diameter).

Statistical Analysis

Patients enrolled were divided into four groups based on
the quartile of the TyG indicator in our study. Continuous
variables were expressed as the mean (standard deviation,
SD) or median [interquartile range, IQR] depending on the
normality of the data distribution. Categorical variables
were expressed of number subjects (percentage). One-
way analysis of variance was employed to compare with
the differences in continuous variables with a normal dis-
tribution across the TyG index quartile, while the Kruskal—
Wallis H-test was performed to explore the differences in
skewed distribution. Chi-square test or Fisher’s exact test
was performed to analyse the differences in categorical
variables.

Multivariable logistic regression analysis models were
employed to evaluate the association of the TyG indicator
with the CT features in patients with T2DM-PTB. The
TyG indicator was analyzed as continuous variables or
categorized into quartiles. Three models were established
to adjust for potential confounding factors. (1) Model 1:
age, sex; (2) model 2: model 1 plus BMI, systolic blood
pressure (SBP), and diastolic blood pressure (DBP), smok-
ing status, alcohol consumption, dyslipidemia; (3) model
3: model 2 plus comorbidities, FBG, HbAlc, antidiabetic
medications, TG, LDL, PT, and APTT. Spearman correla-
tion analyses of CT features with the TyG index was
applied. Corrplot package of R platform was employed
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to study the associations between TyG index, lipid-
metabolic, and hypercoagulation components.

To assess the predictive value of the TyG index for CT
features, the area under the curve (AUC), 95% confidence
interval (95% CI), sensitivity, specificity, and the optimal
cut-off value were determined by a Receiver Operating
Characteristic (ROC) curve.

Statistical analyses were performed in this study using
RStudio (version 1.4.1717). The difference was considered
statistically significant at two-sided P < 0.05. To minimize
the risk of type I error, all the analyses were corrected for
multiple comparisons using the stringent Bonferroni method,
which is dividing 0.05 by the number of comparisons.

Results

Baseline Characteristics

A total of 274 patients between July, 2020 to May, 2021 were
included in the study. A flow chart of the study population is
shown in Figure 1. The detailed clinical characteristics based
on the quartile of the TyG index are shown in Table 1.
Variables such as BMI, DBP, FBG, HbAlc, triglyceride,
total cholesterol, LDL-C, PT, PDW, diabetes-poor control,
air bronchial sign, large segmented leafy shadow, multiple
cavities, and thick-walled cavity are all significantly increased
with TyG index quartile, while PT reduced with TyG index
quartile. After Bonferroni correction, Patients in the highest

328 Patients(aged = 18) with active TB and T2DM

between July 2020 and May 2021

29 Patients were excluded
> without complete electronic
medical record

299 cases eligible for

inclusion as baseline
Excluded:
2 had HIV
12 had HBV

22 taking anti-TB treatment
more than 1 weeks

2 using lipid-lower agents

3 had rheumatoid arthritis

3 had asthma

8 without CT examination

A4

247 cases enrolled in final analysis

Figure | Flow chart of the study population.

quartile presented higher BMI, DBP, FBG, HbA c, triglycer-
ide, total cholesterol, LDL-C, PT, PDW, air bronchial sign,
diabetes-poor control, large segmented leafy shadow, multiple
cavities, and thick-walled cavity, and lower value of PT com-
pared to the first quartile of TyG index.

The Detection Rate of CT Imaging
Features in Patients with T2DM-PTB with
the Quartile of TyG Index Group

Figure 2 demonstrates the five typical imaging characters
in pulmonary and mediastinal window: air bronchial sign,
large segmented leafy shadow, thick-walled cavity, multi-
ple cavities, and lymph node enlargement. The quartile 4
of the TyG index accounted for the largest proportion in
each of five chest radiograph signs (Figure 3). As shown in
Table 1, there was a significant difference in air bronchial
sign (p < 0.001), large segmented leafy shadow (p <
0.001), thick-walled cavity (p = 0.001), multiple cavities
(p <0.001), and lymph node enlargement (0.035) between
the four TyG index groups.

Correlation Analysis of the TyG Index

and CT Imaging Features

Significant correlations between air bronchial sign (r = 0.273,
P < 0.001), large segmented leafy shadow (r = 0.287, P <
0.001), multiple cavities (r = 0.27, P < 0.001), thick-walled
cavity (r=0.224, P <0.001), and lymph node enlargement (r =
0.176, P =0.001) and the TyG index are presented in Table 2.

Association of CT Imaging Features and
the TyG Index in Multivariable Logistic

Regression Analysis Models

We used multivariable logistic regression analysis models to
quantify the association of CT features in patients with
T2DM-PTB and TyG index, which was independently asso-
ciated with multiple cavities, thick-walled cavities, and air
bronchial sign (Table 3). At first, we set the TyG index as
a continuous variable. In model 3 (the fully adjusted model),
a one-unit increase in the TyG index was associated with an
increased risk of air bronchial sign (AOR = 3.920, 95% CI =
1-15.35, p = 0.049) (Figure 4), multiple cavities (AOR =4.1,
95% CI=1.26-13.31, p=0.019) (Figure 5), and thick-walled
cavity (AOR = 2.9, 95% CI = 1.05-8.03, p = 0.041)
(Figure 6). When the TyG index was divided into quartiles,
the association remains unchanged in the 3 models (Table 3).
As demonstrated in Table 3, after fully adjusting possible
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Figure 2 Chest radiograph signs in pulmonary window and mediastinal window. (A) Air bronchial sign. (B) Large segmented leafy shadow. (C) Thick-walled cavity. (D)

Multiple cavities. (E) Lymph node enlargement.

TyGindex.4|:|3.2.1

Thick - walled cavity (n=143

Multiple cavities (n=92) 8 13%

Lymph node enlargement (n="73)

Large segmented leafy shadow (n-=124

Air bronchial sign (n=64)

16%

0% 10% 20%

Figure 3 Chest radiograph signs in pulmonary window and mediastinal window.

confounding factors in model 3, compared to the reference
quartile 1, the AOR values for subjects in quartile 4 with air
bronchial sign was 8.07 (95% CI =1.702-44.026, p=0.011),

30%

40% 50% 60% 70% 80% 90% 100%

multiple cavities 7.75 (95% CI = 1.714-31.95, p = 0.008),
and thick-walled cavity 7.82 (95% CI = 1.865-34.7006, p =
0.005), respectively.
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Table | Baseline Features of Patients Stratified by Quartile of TyG Index

Quartile | (n=68) | Quartile 2 (n=69) | Quartile 3 (n=69) | Quartile 4 (n=68) | p value
6.85=TyG=8.66 8.66<TyG=9.09 9.09<TyG=9.66 9.66<TyG=10.54
Age(year) 60.37(8.87) 57.06(11.17) 55.14(11.47) 55.13(12.88) 0.008
Sex (male, n, %) 58(85.3) 65(94.2) 55(79.7) 54(79.4%) 0.05
BMI, kg/m, 20.34(3.24) 21.14(2.90) 21.60(3.41) 22.36(3.27) 0.003
Smoking status (smoker, n, %) 48(70.6) 53(76.8) 45(65.2) 45(66.1) 0.273
Drinking history (n, %) 40(58.8) 43(62.3) 36(52.2) 38(55.9) 0.557
Symptoms (n, %)
Cough 55(80.9) 60(87.0) 65(94.2) 56(82.3) 0.103
Expectoration 41(60.3) 39(56.5) 47(68.1) 39(57.4) 0.491
Hemoptysis 10(14.7) 9(13) 20(29) 21(30.4) 0.015
Fever 7(10.3) 16(23.1) 11(15.9) 4(5.9) 0.02
Night sweating 3(4.4) 6(8.7) 2(2.9) 3(4.4) 0.447
Asymptomatic 8(11.7) 3(4.3) 2(2.9) 9(13.2) 0.057
Comorbidities (n, %)
2 36(52.9) 30(44.1) 28(40.6) 33(48.5) 0.498
Diabetes-poor control (n, %) 52(76.5) 61(88.4) 63(91.3) 65 (95.6) <0.001
Antidiabetic medications (n, %) 48(70.6) 47(68.1) 55(79.7) 48(70.6) 0.442
Antituberculosis medications (n, %) 24(35.3) 20(28.9) 17(24.6) 20(29.4) 0.595
SBP (mmHg) 124.31(18.79) 122.55(17.54) 124.30(18.07) 126.76(18) 0.599
DBP (mmHg) 76.41(12.69) 77.19(11.15) 79.04(10.94) 82.65(11.31) 0.007
Dyslipidaemia (n, %) 33(48.5) 51(73.9) 48(69.6) 48(70.6) 0.007
FBG (mmol/L) 5.99(2.12) 7.72(2.18) 10.48(3.34) 14.80(6.75) <0.001
HbAlc, % 8.92(2.35) 9.42(2.14) 10.08(1.98) 11.11(2.46) <0.001
Triglyceride (mmol/L) 0.88(0.27) 1.27(0.35) 1.55(0.54) 2.52(1.35) <0.001
Total cholesterol (mmol/L) 3.57(0.99) 3.77(0.92) 4(0.99) 4.69(1.11) <0.001
LDL-C (mmol/L) 2.36(0.65) 2.55(0.69) 2.65(0.73) 2.85(0.65) <0.001
HDL-C (mmol/L) 1(0.31) 0.86(0.32) 0.91(0.28) 1.10(1.20) 0.05
TyG index 8.34[7.99, 8.50] 8.88[8.81, 8.99] 9.37[9.23, 9.51] 10.06[9.82, 10.31] <0.001
Platelet and coagulation indices
PT, s 12.36(2.40) 12.04(0.96) 11.73(1.41) 11.52(0.99) 0.002
APTT, s 27.66(4.09) 28.65(3.06) 27.90(3.66) 27.04(2.24) 0.008
FIB, g/L 5(2.12) 5.44(2.43) 5.25(2.76) 5.23(3.20) 0.67
MPV, fL 9.79(2.18) 9.69(2.62) 9.61(2.53) 9.56(2.58) 0.95
PDW, % 13.31(2.89) 14.74(6.49) 14.99(5.26) 16.82(18.50) 0.03
PCT, % 0.26(0.09) 0.28(0.12) 0.26(0.09) 0.27(0.08) 0.291
PLT, 10°/L 243.79(101.57) 284.28(134.60) 265.20(103.80) 277.16(109.75) 0.28
(Continued)
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Table | (Continued).
Quartile 1 (n=68) | Quartile 2 (n=69) | Quartile 3 (n=69) | Quartile 4 (n=68) | p value
6.85=TyG=8.66 8.66<TyG=9.09 9.09<TyG=9.66 9.66<TyG=10.54

Chest radiograph (n, %)
Number of pulmonary lobes involved 3.8(0.97) 3.8(0.95) 3.5(1.16) 3.6(1.18) 0.363
Small nodules 46(67.6) 42(60.9) 47(68.1) 41(60.2) 0.660
Air bronchial sign 8(11.7) 10(14.5) 16(23.2) 30(44.1) <0.001
Small patchy shadow 49(72.1) 51(73.9) 53(76.8) 55(80.9) 0.648
Large segmented leafy shadow 19(27.9) 28(40.6) 32(46.4) 45(66.2) <0.001
Single cavity 18(26.5) 23(33.3) 23(33.3) 15(22.1) 0.381
Multiple cavities 12(17.6) 19(27.5) 25(36.2) 36(52.9) <0.001
Thin-walled cavity 4(5.9) 9(10.1) 9(10.1) 4(5.9) 0.252
Thick-walled cavity 26(38.2) 30(43.4) 40(57.9) 47(69.1) 0.001
Calcification 6(8.8) 4(5.8) 6(8.7) 8(11.7) 0.676
Fibrosis 6(8.8) 6(8.7) 5(7.2) 6(8.8) 0.984
Lymph node enlargement 15(22.1) 12(17.4) 20(28.9) 26(38.2) 0.035
Pleural effusion 14(20.6) 12(17.4) 12(17.4) 11(16.2) 0.919

Notes: Data are the mean (SD), median [IQR] or number (%).

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; PBG, postprandial blood glucose; HbAlc,
glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PT, prothrombin time; APTT, activated partial thromboplastin
time; MPV, mean platelet volume; PCT, plateletcrit; PDWV, platelet distribution width; TyG, triglyceride glucose.

ROC Curve of the TyG Index and CT

Imaging Features

As presented in Figure 7 and Table 4, the TyG index may
provide mild predictive power via the ROC curve analysis:
air bronchial sign (AUC: 0.686, 95% CI: 0.611-0.761,

Table 2 Correlations Between the TyG Index and CT Imaging

Features

CT Imaging Features r value P value
Number of pulmonary lobes involved —0.089 0.096
Small nodules —0.01 0.915
Air bronchial sign 0.273 <0.001
Small patchy shadow —0.009 0915
Large segmented leafy shadow 0.287 <0.001
Single cavity —0.02 0.791
Multiple cavities 0.270 <0.001
Thin-walled cavity 0.044 0.353
Thick-walled cavity 0.224 <0.001
Calcification 0.075 0.084
Fibrosis —0.663 0.508
Lymph node enlargement 0.176 0.001
Pleural effusion —0.018 0.838

Figure 7A), thick-walled cavity (AUC: 0.629, CI: 0.563—
0.695, Figure 7B), and multiple cavities (AUC: 0.665,
CI:0.598-0.733, Figure 7C). Furthermore, the combination
of FBG with the TyG index could lead to raising the AUC
a little bit higher in CT imaging features.

The Correlation of TyG Index with
Lipid-Metabolic and Systemic Coagulation

The correlation between the TyG indicator and lipid-
metabolic and hypercoagulation risk factors are visualized
in Figure 8. There were positive high correlations (0.5 <
r < 0.8) of the TyG index with FBG and TG, positive
moderate correlations (0.2 < r < 0.5) with LDL, HbAlc,
and BMI, and negative weak correlations (r < —0.2) with
PT and APTT. Negative correlations (r < 0) were found
between: APTT with LDL, TC, TyG index and BMI; PT
with LDL, HDL, TG, TyG index and TC.

Discussion

In the retrospective cross-sectional study, we found that
a high TyG indicator was associated with a high frequency
of abnormal CT features in patients with T2DM-PTB. The
associations remained significant even after adjusting for
potential confounding factors, including age, sex, BMI,
antidiabetic medications, FBG, HbAlc level, dyslipide-
mia, blood pressure, and coagulation index which are
common PTB and T2DM risk factors and are related to
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Table 3 Association of the TyG Index with CT Imaging Features in T2DM-PTB

Model | Model 2 Model 3
OR 95% CI P value OR 95% CI P value OR 95% CI P value

Air bronchial sign

TyG(continuous) 2.279 1.505-3.523 0.002 2.75 1.723-4.516 <0.001 3.92 1-15.35 0.049

Quartile | Reference Reference Reference

Quartile 2 1.205 0.439-3.400 0.717 1.159 0.405-3.396 0.782 1.104 0.361-3.442 0.8619

Quartile 3 1.976 0.788-5.285 0.156 2.088 0.800-5.816 0.142 2.356 0.737-8.151 0.160

Quartile 4 5.131 2.176-13.258 <0.001 6.87 2.673-19.379 <0.001 8.07 1.702-44.026 0.011
Large segmented leafy shadow

TyG(continuous) 2.272 1.583-3.337 <0.001 2412 1.627-3.662 <0.001 1.411 0.149-4.524 0.573

Quartile | Reference Reference Reference

Quartile 2 1.643 0.802-3.419 0.424 1.570 0.743-3.360 0.239 1.290 0.569-2.940 0.541

Quartile 3 2.163 1.057-4.514 0.037 2.128 1.013-4.563 0.048 1.335 0.484-3.591 0.570

Quartile 4 4.894 2.357-10.523 <0.001 5.271 2.410-11.987 <0.001 2.094 0.446-9.245 0.337
Multiple cavities

TyG(continuous) 2213 1.525-3.285 <0.001 2.146 1.433-3.282 <0.001 4.100 1.260-13.310 0.019

Quartile | Reference Reference Reference

Quartile 2 1.703 0.755-3.964 0.205 1.489 0.637-3.571 0.362 1.357 0.542-3.469 0517

Quartile 3 2.579 1.173-5.919 0.021 2316 1.028-5.432 0.046 2.699 0.995-7.717 0.056

Quartile 4 5.084 2.340-11.657 <0.001 4.617 2.026—11.065 <0.001 7.075 1.714-31.950 0.008
Lymph node enlargement

TyG(continuous) 1.870 1.276-2.787 0.002 2.064 1.355-3.207 <0.001 2.926 0.951-10.483 0.077

Quartile | Reference Reference Reference

Quartile 2 0.749 0.314-1.752 0.506 0.747 0.306—-1.792 0514 0.656 0.253-1.671 0.378

Quartile 3 1.471 0.673-3.268 0.335 1.459 0.650-3.333 0.363 1.247 0.462-3.424 0.663

Quartile 4 2.239 1.047-4.922 0.04 2.429 1.073-5.6618 0.036 1.405 0.335-5.861 0.639
Thick-walled cavity

TyG(continuous) 1.7800 1.268-2.598 0.015 1.940 1.328-2.887 <0.001 2.890 1.050-8.03 0.041

Quartile | Reference Reference Reference

Quartile 2 1.068 0.532-2.150 0.852 1.062 0.515-2.191 0.869 1.023 0.455-2.293 0.956

Quartile 3 2.144 1.063—4.392 0.035 2.225 1.077-4.672 0.032 2.858 1.125-7.352 0.027

Quartile 4 3.517 1.700-7.484 <0.001 4.023 1.850-9.059 <0.001 7.823 1.865-34.706 0.005

Notes: Model | was adjusted for age, sex; model 2 was adjusted for variables included in model | plus BMI, systolic blood pressure (SBP), and diastolic blood pressure (DBP), history of smoking, history of alcohol consumption,
dyslipidemia; and model 3 was adjusted for variables in model 2 plus comorbidities, FBG, HbAlc, antidiabetic medications, TG, LDL, PT, and APTT.
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variables OR(95%CI) P value
TyG index 3.92 (1-15.35)  0.049
Age L] 0.98 (0.95-1.01) 0.216
Sex(male) —_— 1.01 (0.33-3.11) 0.986
BMI - 0.92 (0.82-1.03) 0.143
Smoking history — 0.98 (0.38-2.57) 0.973
Alcohol —— 0.67 (0.3-1.49) 0.331
Antidiabetic medications +=— 0.63 (0.31-1.25) 0.183
Dyslipidaemia 2.06 (0.9-4.71)  0.087
PT H— 1.02 (0.81-1.28) 0.852
APTT - 1.05 (0.94-1.17) 0.399
SBP . 1.01(0.98-1.03) 0.69
DBP " 0.96 (0.92-1)  0.075
FBG ] 0.92 (0.8-1.05) 0.218
HbA1c He 1.19(1.01-1.41) 0.033
TG —— 0.91(0.47-1.75) 0.771
LDL —— 1.31(0.79,2.18) 0.293
HDL - 1.2(0.75,1.92) 0.453

Figure 4 Forest plot of multivariable logistic regression analysis model in patient with T2DM-TB demonstrating the association between the TyG index and air bronchial

sign.

CT imaging features of patients with T2DM-PTB.
Therefore, the TyG indicator may be a convenient and
potential serum marker for evaluating IR in clinical work -
assessing the disease status of patients with T2DM-PTB.
In the future, novel therapeutic strategy to control the TyG
indicator may be beneficial for the treatment of PTB with
T2DM.

Generally, IR is defined as a condition of impairment
of insulin effect in metabolic and peripheral target, leading
to abnormal insulin release to maintain a normal healthy
blood sugar balance in the body.”® Recent studies have
demonstrated the occurrence of defects in uptake and
utilization of glucose, disorders in carbohydrate metabo-

lism and changes in insulin response in new cases of

variables OR(95%CI) P value
TyG index 4.1(1.26-13.31) 0.019
Age L] 1(0.97-1.03)  0.969
Sex(male) 1.27 (0.45-3.57) 0.65
BMI - 1(0.91-1.10) 0.98
Smoking history —— 0.66 (0.29-1.49) 0.32
Alcohol —— 0.84 (0.42-1.7) 0.63
Antidiabetic medications =~ +=— 0.62 (0.33-1.14) 0.13
Dyslipidaemia —— 0.88 (0.38-2.08) 0.78
PT =n 0.96 (0.76-1.21) 0.71
APTT - 1.13(1.02-1.26) 0.03
SBP L] 0.99 (0.97-1.02) 0.57
DBP " 1.03 (0.99-1.07) 0.19
FBG . 0.92 (0.82-1.04) 0.17
HbA1c - 1.13 (0.98,1.3) 0.1
TG —— 0.78 (0.43,1.43) 0.43
LDL —— 1.01 (0.64-1.61) 0.96
HDL — 0.28 (0.07-1.19) 0.084

Figure 5 Forest plot of multivariable logistic regression analysis model in patient with T2DM-TB demonstrating the association between the TyG index and multiple cavities.
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variables OR(95%Cl) P vaule
TyG index 2.9 (1.05-8.03) 0.041
Age 0.97 (0.95-1) 0.039

Sex(male)
BMI

1.61(0.59-4.4)  0.351
0.98 (0.89-1.07)  0.668
146 (0.65-3.3)  0.362
0.72 (0.36-1.41)  0.335
0.74 (0.4-1.35)  0.324
0.93 (0.47-1.82)  0.827

o
-
——
—_—
—_—y
PT ——— 1.13(0.94-1.35)  0.189
-
[]
[]
-
-
——
—
———y

Smoking history
Alcohol
Antidiabetic medications

Dyslipidaemia

APTT 1.17 (1.05,1.3) 0.005
SBP 1.002(0.979-1.025) 0.894
DBP 1(0.961-1.031) 0.799
FBG 0.97 (0.87-1.08)  0.555
HbA1c 0.97 (0.87-1.08)  0.139
TG 0.78 (0.45-1.33) 0.36
LDL 1.03 (0.68-1.56)  0.902
HDL 0.72 (0.35-1.44)  0.348

Figure 6 Forest plot of multivariable logistic regression analysis model in patient with T2DM-TB demonstrating the association between the TyG index and thick-walled
cavity.
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Figure 7 ROC curve of the TyG index to predict the CT features. (A) Roc curve of air bronchial sign. (B) Roc curve of thick-walled cavity. (C) Roc curve of multiple
cavities.
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Table 4 ROC Curve Analysis of the TyG Index and CT Imaging Features in T2DM-PTB
AUC (95% CI) Sensitivity% Specificity% Cut-off Value

Air bronchial sign

TyG index 0.686(0.611-0.761) 68.8 62.2 9.26

FBG 0.653(0.578-0.729) 56.3 72.9 10.96

TyG index + FBG 0.688(0.613-0.764) 60.9 724 -
Thick-walled cavity

TyG index 0.629(0.563-0.695) 49.6 732 9.30

FBG 0.622(0.563-0.695) 45.5 77.1 10.74

TyG index + FBG 0.630(0.564-0.696) 62.2 61.8 -
Multiple cavities

TyG index 0.665(0.598-0.733) 717 55.5 9.04

FBG 0.611(0.54-0.681) 72.8 483 753

TyG index + FBG 0.669(0.602-0.737) 83.7 434 -

TB.*'” According to previous studies, a close relationship
is observed between the TyG index and IR as evaluated by
the hyperinsulinaemic-euglycaemic clamp method and
showed better results than HOMA-IR in subjects with
different body weights and glucose levels.'*?” The asso-
ciation of CT manifestations with HbAlc level and IR in
patients with T2DM-PTB has also been demonstrated.'®*
However, to date, no study has reported the association
between CT imaging findings and the TyG index in
patients with T2DM-PTB. The present study demonstrated
that the TyG index was associated with abnormal CT
features of patients with T2DM-PTB, and those victims
with a higher TyG indicator were more prone to show
abnormal CT features.

In our study, we found that a higher TyG indicator was
related to higher frequency of the following CT imaging
features: air bronchial sign, large segmented leafy shadow,
multiple cavities, thick-walled cavity, and lymph node
enlargement. In the multivariate logistic regression analy-
sis, the TyG indicator were independently related to air
bronchial sign, multiple cavities, and thick-walled cavity
both as a continuous and categorical variable after com-
pletely modulating potential confounding factors. It is
worth noting that there was a high percentage of lymph
node enlargement in our study. Generally, lymphadenopa-
thy is the most common radiologic feature of primary
tuberculosis, which is commonly found in 83-96% of

pediatric cases of primary tuberculosis and 10-43% of
adult cases.””° Lymph nodes are sites in body where
Mtb can persist, disseminate, and reactivate.’’ Once Mtb
has invaded the lymph node and an adaptive immune
response is activated, the lymph node needs to restrict or
kill the growing number of Mtb bacteria inside it.
Otherwise, the lymph node can be destroyed by necrosis.
Therefore, we speculate the lymph nodes of patients with
TB concurrent diabetes mellitus are more likely to be
damaged by Mtb than patients with only TB because of
hyperglycemia compromising on some relevant innate and
adaptive immunity mechanisms that are necessary for Mtb
clearance in patients with T2DM.*>** A similar study has
reported that lymphadenopathy was identified significantly
more commonly in TB patients with DM than patients
with only TB group (51.6% vs 35.0%).** The underlying
mechanisms is still need to be determined. As reported in
a previous study, HOMA-IR in newly diagnosed cases of
PTB revealed a relationship with the severity of TB and
reduced over time, which may be a good index for clinical
improvement.'® A series of studies have proved that IR is
related to coagulation dysfunction, endothelial dysfunc-
tion, oxidative stress, glucose metabolism, dyslipidemia,
and inflammation.'®*>*® Dong et al reported that com-
pared to patients with TB without DM, victims with
T2DM-PTB had more lesions and more cavities, espe-
cially thick-walled cavities. They also found that the
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Figure 8 Corrplot of studied associations between the TyG index, lipid-metabolic and hypercoagulation risk factors. Blue colour represents positive correlation; red colour
represents negative correlation; darker colors and larger shapes represent higher association. x represents no statistical difference.

severity of lung lesions was highly associated with the
activation of coagulation in PTB, and that PT is more
likely to reduce in patients with T2DM-PTB.?’ Similar
report was shown from Kager et al, compared with normal
participants, systemic coagulation of patients with TB or
recurrent TB was activated, and systemic anticoagulant
pathways of patients with TB and recurrent were
downregulated.*® Although there were no control subjects
in our study to ascertain whether the systemic coagulation
was activated, our results showed the serum PT and APTT
had a significant difference between the quartile of TyG
indicator groups and negative correlation of TyG index.
Thus, we cannot exclude the possibility that association of
TyG index and a systemic net procoagulant state in
patients with T2DM-PTB. More research should be done
to confirm this speculation in the future. In addition, there
were also reports that hypercoagulation and dyslipidemia

are associated with more cavities that aggravate lung
injury in patients with T2DM-PTB.*** The possible
mechanism may be high glucose level enhance pathoge-
netic associated signals for hypercoagulation and dyslipi-
demia, which is induced by TB infection. This process
contributes to the exacerbation of caseous necrosis accom-
panied by severe fibroplasia in granulomas. Consequently,
persistent fibroplasia leads to the constitution of thick-
walled cavities, which destroys the pulmonary tissue struc-
ture and affects the functions of the lungs.*® Furthermore,
hypercoagulation may cause a fibroproliferative reaction,
which is associated with cavity formation.*'™*?

The TyG index also showed moderate correlations with
components of the lipid-metabolic syndrome and high
correlations with  glucose-metabolic  disorder, while
a mild negative relationship with the coagulation index

was also observed. These results implied that TyG index
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might precede the incidence of IR and hypercoagulation.**
Therefore, the TyG index may be an early serum marker of
IR and T2DM-PTB. Further evidence needs to confirm
this hypothesis.

The normal range or cut-off value of IR for increased
risk of TB in healthy subjects remains unknown. By per-
forming receiver operating characteristic (ROC) analysis,
our present study showed that the prediction efficiency of
the TyG indicator for abnormal CT feature of T2DM-PTB
was mild, and combining of TyG index with FBG can
improve its predictive power for abnormal CT features to
some extent. Every year, the number of newly infected TB
patients is increasing, which leads to a huge financial
burden on low-income countries. Therefore, although the
prediction efficiency of the TyG indicator for the CT
imaging features of T2DM-PTB was mild, it still seems
to be an economic and a simple indicator to predict of the
prognosis of T2DM-PTB plus other possible risk factors.
The application value of TyG index on diagnosis and
treatment of T2DM-PTB needs further multicentre, pro-
spective, and randomized clinical trials and time to prove.

The precise mechanisms of the relationship between
the TyG indicator and CT features of patients with T2DM-
PTB is unclear. Nevertheless, we assumed that the TyG
indicator is a potential marker of IR to predict the severity
of patients with T2DM-PTB. First, insulin can affect the
phagocytic process of macrophages, which are the first
line of defense against Mycobacterium tuberculosis.*
Second, IR promotes decline in glucose utilization and
occurrence of dyslipidemia, which is beneficial for the
growth of tubercle bacillus. Third, as a serum marker of
IR, the TyG indicator is superior to HOMA-IR for predict-
ing T2DM and cerebrocardiovascular diseases,'>*¢
thus, it could be applied as an index to reflect the condition
of patients with PTB complicated with diabetes mellitus.

The following are the strengths of the present study: (1)
appropriate study design to determine the association of the
TyG index with the CT features of patients with T2DM-
PTB, (2) adjustment of the potential confounding factors, (3)
modulation of the TyG indicator to increase the reliability of
the findings both as a continuous variable and categorical
variable. The present research also had some limitations.
First, this was a single-center research, with a relatively
small sample size, and the 95% confidence interval range
of the evaluated effect was wide. Therefore, the conclusion
of this study needs further validation in multicenter trials to
estimate the association of the TyG index and CT imaging
findings in T2DM-PTB. Second, a comparison of T2DM-

PTB group with isolated TB group was not performed in our

present study. Therefore, a case—control study or
a randomized controlled trial (RCT) needs to be conducted
in the future to confirm the prediction efficiency of the TyG
index for T2DM-PTB. Third, we did not compare the diag-
nostic sensitivity and specificity of HOMA-IR and the TyG
indicator in patients with T2DM-PTB because the determi-
nation of fasting insulin level is not regularly conducted at
this center. Four, this was a retrospective study with electro-
nic medical records, which cannot avoid potential selection

bias of the study cohort.

Conclusions

In summary, our study showed that as a fresh substitute
serum marker of IR, the TyG index showed a positive
association with CT features of T2DM-PTB. However,
its predictive effect was mild for CT manifestations of
T2DM-PTB and needs to be further validated. In addition,
multicenter trials and RCTs should be required to further
explore whether the combination of the TyG indicator and
CT features could be beneficial for the diagnosis and
treatment of T2DM-PTB.
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