Guo et al. BMC Infectious Diseases (2025) 25:335 BMC Infectious Diseases
https://doi.org/10.1186/512879-025-10709-9

Check for
updates

Risk factors for rifampicin-susceptible

and isoniazid-resistant tuberculosis in adult
patients with type 2 diabetes mellitus

in Nanjing

Jing Guo'?, Xuebing Feng?, Jialei Pang?, Wenchao Li%, Min Cai*, Zhiyun Cao', Feishen Lin'" and Xia Zhang'"

Abstract

Objective Globally, Tuberculosis(TB) with type 2 diabetes mellitus (T2DM) is becoming increasingly serious,
especially the emergence of rifampicin-susceptible and isoniazid-resistant tuberculosis (Hr-TB), which increases the
difficulty of treatment and the burden of disease. Therefore, this single-center retrospective cohort study analyzed risk

factors of Hr-TB in adult patients with T2DM and pulmonary tuberculosis (PTB) in Nanjing to guide clinical practice
and improve the long-term prognosis of patients.

Methods The clinical data of 279 adult inpatients diagnosed with culture-positive PTB and T2DM in the Second
Hospital of Nanjing from January 2019 and December 2021 were collected. According to the drug susceptibility
testing (DST) results, 44 patients with Hr-TB were categorized as the Hr-TB group, while the remaining 235 patients
with drug-susceptible tuberculosis (DS-TB) were classified as DS-TB group. Hierarchical logistic regression was
employed for multivariate analysis to identify variables associated with Hr-TB in patients with T2DM.

Results There were no significant differences in age, sex, body mass index (BMI), smoking, drinking, ethnicity,
education level, or comorbidities between the DS-TB and Hr-TB groups. Multivariate logistic regression analysis
revealed that, history of previous tuberculosis treatment (OR = 2.348, 95%Cl: 1.025~5.379, P = 0.044), poor FPG control
(OR=2402,95%Cl-1.208~4.776, P=0.012), and serum iron levels > 14.3umol/I (OR = 2.808, 95%Cl: 1.334~5.910, P =
0.007) are independent risk factors for Hr-TB in adult patients with T2DM in Nanjing. Within the cohort, 241 patients
were Newly treatment tuberculosis patients, and among them, poor FPG control (OR = 2.296, 95%Cl: 1.073~4.915,P =
0.032), and serum iron levels > 14.3umol/l (OR = 2.418, 95%Cl: 1.048 ~5.577, P = 0.038) were identified as risk factors for
Hr-TB.

Conclusion Poor fasting glycemic control and serum iron levels > 14.3umol/L are independent risk factors for
the development of Hr-TB in adults with T2DM and PTB, moreover, the contribution of these as risk factors were
more pronounced in the newly treatment tuberculosis patients subgroup than patients with a history of previous

*Correspondence:

Feishen Lin
feishenlin1974@hotmail.com
Xia Zhang
zhangxia365@sina.com

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-025-10709-9&domain=pdf&date_stamp=2025-3-8

Guo et al. BMC Infectious Diseases (2025) 25:335

Page 2 of 8

tuberculosis treatment. History of previous tuberculosis treatment was also found to be a risk factor for Hr-TB in adults

with T2DM.

Clinical trial number
Not applicable.
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Isoniazid-resistant tuberculosis, Risk factor, Iron

Introduction

China is a country with a high burden of tuberculosis and
drug-resistant tuberculosis, as well as a high incidence
of diabetes, accounting for a quarter of the world’s adult
diabetes patients [1, 2]. One study has shown the risk of
developing tuberculosis in diabetic patients was more
than three times higher than that of the general popula-
tion in eastern China [3]. Some studies [4, 5] have dem-
onstrated that diabetes not only increases the prevalence
of tuberculosis, but also increases the risk of multidrug-
resistant tuberculosis (MDR-TB) morbidity and death.
Increased susceptibility to tuberculosis infection and risk
of drug resistance in DM patients are associated with fac-
tors such as high bacterial load, low effective concentra-
tions of anti-tuberculosis drugs, host immune deficiency,
and decreased levels of IFN-y and IL-12 [6].

Global data showed that 7.1% of new TB cases and 7.9%
of previously treated TB cases are rifampicin-susceptible
and isoniazid-resistant tuberculosis (Hr-TB), Meanwhile,
the overall prevalence of MDR-TB being 5.7% (2.3%
among new cases and 13.9% among previously treated
cases) [7]. The rate of isoniazid-related resistance in
adults with active pulmonary tuberculosis (PTB) together
with diabetes in Nanjing is increasing, especially in
patients with Newly treatment tuberculosis [8]. Globally,
TB with T2DM is becoming increasingly serious, espe-
cially the emergence of Hr-TB, which increases the dif-
ficulty of treatment and the burden of disease. The above
conclusions all suggest that Hr-TB needs to receive more
clinical attention.

Current research has confirmed that isoniazid resis-
tance involves mutations in multiple genes, such as
InhA (Rv1484), KatG (Rv1908c), AhpC (Rv2428), FabG1
(Rv1483), and FurA (Rv1909c), as well as mechanisms
such as efflux pump upregulation and reduced drug
serum concentration [9, 10]. Diabetes Mellitus has been
identified as a risk factor for Hr-TB [11, 12]. In tuberculo-
sis patients with hyperglycemia, delayed absorption and
faster elimination of isoniazid lead to reduced plasma
concentrations of isoniazid [13]. Glycosylated hemoglo-
bin A1 (HbA1c) grading is an independent risk factor
for isoniazid resistance and MDR in TB-T2DM patients
[14]. However, whether other mechanisms such as nutri-
tion, immunity, and iron metabolism are involved in this
resistance is not yet fully disclosed. And iron metabolism

plays a key role in the survival of Mycobacterium tuber-
culosis. So based on the researches above indicators, our
study analyzed adult patients with culture-positive PTB
and T2DM from January 2019 to December 2021 in The
Second Hospital of Nanjing, and included serum iron
and other factors to explored risk factors for Hr-TB in
patients with T2DM. It is expected to achieve the pur-
pose of guiding clinical diagnosis and treatment.

Methods

Study area and study design

This single-center, retrospective cohort study included
patients with PTB with T2DM in the Nanjing district of
China during the period from January 2019 to December
2021. As an infectious disease hospital in Nanjing, the
second hospital of Nanjing is the only municipally des-
ignated medical institution for the diagnosis and treat-
ment of tuberculosis and drug-resistant tuberculosis in
Nanjing.

A total of 279 adult patients with PTB with T2DM who
were positive for mycobacterial culture and had complete
medical records were enrolled. According to the drug
susceptibility test, the patients were divided into a Hr-TB
group (44 cases) and a drug-susceptible tuberculosis
(DS-TB) group (235 cases). This study was reviewed and
approved by the Ethics Committee of the Second Hos-
pital of Nanjing (2023-LY-kt02). All patients are exempt
from informed consent.

Inclusion Criteria:

(1) Age =18 years.

(2) Availability of drug susceptibility test (DST) results
[15,16].

(3) Diagnosed with PTB by positive mycobacterial
culture (Mycobacterium tuberculosis complex) [17].

(4) Diagnosed with type 2 Diabetes Mellitus (T2DM)
[18].

Exclusion Criteria
(1) Rifampicin-resistant tuberculosis (RR-TB).

(2) Outpatients with incomplete clinical data.
(3) PTB with HIV and other infection.
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Trained research clinicians gathered demographic and
clinical data, which encompassed informations such
as gender, age, smoking and drinking habits, race, body
mass index (BMI), comorbidities (HIV status, hyperten-
sion), history of previous tuberculosis treatment, site of
tuberculosis infection (pulmonary or extrapulmonary),
imaging characteristics (unilateral or bilateral tubercu-
losis, presence of lung cavities), serum albumin (ALB)
levels, monocyte counts, neutrophil counts, lymphocyte
counts, serum iron levels (Iron Detection kit, Nanjing
Aubrime Biotechnology Co., Ltd), fasting plasma glucose
(FPG) levels, and HbA1C levels. The following calcula-
tions and standards were performed [5]:

Prognostic Nutritional Index (PNI) was calculated as
PNI=serum albumin (ALB) (g/L)+5 x total lymphocyte
count (10A9/L).

Neutrophil-to-lymphocyte ratio (NLR) was determined
as the ratio of neutrophils to lymphocytes.

Monocyte-to-lymphocyte ratio (MLR) was calculated
as the ratio of monocytes to lymphocytes.

Poor FPG control was defined as a FPG level >7 mmo/L
(no complications) or >10 mmo/L (with complications
such as cardiovascular and cerebrovascular diseases,
advanced age, and severe tuberculosis) [5].

Poor HbA1C control was defined as HbA1C>=7% (no
complications) or >8% (with complications such as car-
diovascular and cerebrovascular diseases, advanced age,
and severe tuberculosis) [5].

Quality control

Quality assessment and data extraction were performed
by a minimum of two researchers who have profes-
sional training in this subject area. Generally, data was
extracted twice for the same patient by two researchers,
and if there any conflict between the two researchers, the
original data should be checked before entering the cor-
rect data.

Statistical analysis

Statistical analysis was carried out using SPSS 26.0 for
Microsoft Windows (SPSS Inc., http://www.spss.com.hk).
Count data were expressed as frequency (percentage),
and comparisons between two groups were conducted
using a chi-square test or Fisher’s exact test. Measure-
ment data were represented as median and interquar-
tile range [M (IQR)], with comparisons between the two
groups using the Mann-Whitney U test. A significance
level of a=0.05 was used, and P<0.05 was considered
statistically significant. The normal range for serum iron
in this test is 14.3-35.6 umol/l, divided into three groups:
<14.3 pymol/l, 14.3-35.6 umol/l, and >35.6 pumol/l. Due
to the small sample size in the serum iron>35.6 umol/I
group, the serum iron 14.3-35.6 umol/l group and the
>35.6 umol/l group were combined.
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A univariate logistic regression model was used to
screen for factors related to Hr-TB in adult patients
with T2DM. Variables with P<0.1 were selected using
a stepwise forward selection method to identify factors
independently associated with Hr-TB. Subsequently, a
multivariate logistic regression analysis was conducted
to determine risk factors for Hr-TB in these patients.
P <0.05 was considered statistically significant.

There were some confounding factors. To explore the
impact of diabetes as a single factor on outcomes, sub-
group analyses were performed by history of previous
tuberculosis treatment to control for these confounding
factors.

Results

In total, 279 adult patients with PTB and T2DM were
interviewed for the survey. It divided in two groups:
Hr-TB and DS-TB. A total of 44 patients were included
in the Hr-TB group, including 33 newly cases and 11
previously treatment cases, and 38 cases of male (38/44,
86.4%). There were 235 cases in the DS-TB group
(including 208 newly cases and 27 previously treatment
cases), and 197 cases (197/235, 83.8%) of males. There
were no significant differences in age, gender, BMI [19],
smoking history, alcohol consumption, ethnicity, place of
residence, education level, hypertension, HIV status, or
extrapulmonary tuberculosis between the DS-TB group
and the Hr-TB group (P>0.05). There was a statistically
significant difference in the history of previous tuber-
culosis treatment between the two groups ()(2:5.750,
P=0.016; Table 1).

Univariate logistics regression analysis of risk factors for
Hr-TB in adult PTB and T2DM

By univariate logistic regression analysis, it was deter-
mined that gender, age, BMI, HIV status, PTB combined
with extra-pulmonary tuberculosis, smoking, alcohol
consumption, ethnicity, lung cavity, bilateral pulmonary
infiltration, PNI>40, MLR>0.5, NLR, FPG, HbA1C and
poor control of HbA1C were not significantly associ-
ated with Hr-TB. However, history of previous tuber-
culosis treatment, poor fasting glycemic control, and
serum iron levels = 14.3 pmol/l showed a strong associa-
tion with Hr-TB in adult with T2DM, with the following
odds ratios: (OR=2.568, 95%Cl: 1.164 ~5.666, P=0.020),
(OR=2.382, 95%Cl: 1.231~4.612, P=0.010), (OR=1.057,
95%Cl: 1.006~1.110, P=0.028), and (OR=2.599, 95%
Cl: 1.276~5.297, P = 0.009), respectively. Additionally,
urban residence might be associated with an increased
risk of acquiring Hr-TB in this study (OR=3.431, 95%Cl:
0.792 ~14.854, P=0.099). So, we put it into the multivari-
ate logistic regression equation (Table 2).
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Table 1 Baseline characteristics of study participants
Characteristic Hr-TB (n=44) DS-TB (n=235) Test x2/Z Pvalue
Age, Median (IQR) 57.00 (46.25-64.00) 57.00 (47.00-67.00) -0.726 0468
Age group, n (%) 0.139 0.709
18-59 23 (52.3%) 130 (55.3%)
>=60 21 (47.7%) 105 (44.7%)
Male sex, n (%) 38 (86.4%) 197 (83.8%) 0.179 0.672
BMI (kg/m2), Median (IQR) 21.35(20.35-24.10) 21.72 (19.53-24.09) -0.522 0.602
BMI group, n (%) 1.262 0532
<18.5,n (%) 5(11.4%) 43 (18.3%)
18.5-<25,n (%) 31 (70.5%) 154 (65.5%)
>25,n (%) 8 (182%) 38 (16.2%)
Tuberculosis treatment, n (%) 1(25.0%) 27 (11.5%) 5.750 0.016*
Ever-smoker, n (%) 6 (36.4%) 81 (34.5%) 0.059 0.809
Alcohol, n (%) 1 (25.0%) 44 (18.7%) 0.922 0337
Race (Han), n (%) 43 (97.7%) 233 (99.1%) 0.704 0.401
Place of residence 2243 0.134
Rural, n (%) 2 (4.5%) 33 (14.0%)
Urban, n (%) 42 (95.5%) 202 (86.0%)
Education 0.859 0.354
Primary or less, n (%) 7 (15.9%) 52 (22.1%)
Senior school or Higher, n (%) 37 (84.1%) 183 (77.9%)
Comorbidities
HIV status, n (%) 0 (0.0%) 2 (0.9%) - 1.000
Hypertension, n (%) 9 (20.5%) 77 (32.8%) 2634 0.105
PTB and EPTB, n (%) 2 (4.5%) 25 (10.6%) 0.954 0.329

Abbreviations: BMI, body mass index; EPTB, extra-pulmonary tuberculosis; Data are median (IQR), n (%), or n/N (%). *p <0.05

Multivariate logistic regression analyzes risk factors for
Hr-TB in adult PTB and T2DM

Following the univariate logistic analysis, we incorporated
history of previous tuberculosis treatment, poor FPG
control [5], serum iron levels>=14.3 pmol/l, and urban
residence into the binary regression equation, which was
established using the enter method. The results demon-
strated the history of previous tuberculosis treatment
(OR=2.348, 95%Cl: 1.025~5.379, P=0.044), poor FPG
control (OR=2.402, 95%Cl: 1.208~4.776, P=0.012),
and serum iron levels>14.3 umol/l (OR=2.808, 95%ClI:
1.334~5.910, P=0.007) are significant risk factors for
adult Hr-TB with T2DM (Table 3).

Analysis of risk factor for Hr-TB in adult PTB and T2DM in
different subgroup
In the subgroup analysis of Newly treatment tuberculo-
sis patients, a multivariate analysis revealed compelling
evidence that both poor FPG control (OR=2.296, 95%ClI:
1.073~4.915, P=0.032), and serum iron levels>14.3
pmol/l (OR=2.418, 95%Cl: 1.048~5.577, P=0.038) were
significantly associated with an elevated risk of Hr-TB
with T2DM (Table 4).

However, in the subgroup of patients with a history
of previous tuberculosis treatment, there was insuf-
ficient evidence to suggest that poor FPG control and

serum iron levels>14.3 ymol/l were associated with an
increased risk of Hr-TB with T2DM (Table 4).

Discussion

As the core anti-tuberculosis drug, the resistance rate of
isoniazid has increased significantly in recent years [7].
The 2019 Global Tuberculosis Report [20] noted that
the global level of Hr-TB between 2002 and 2018 was
7.2% (95% Cl: 6.2-8.2%) in Newly treatment tuberculo-
sis patients and 11.6% (95% Cl: 9.9-13.3%) in a history
of previous tuberculosis treatment patients. Compared
with susceptible tuberculosis, patients with Hr-TB have
a lower success rate and are at risk of further increasing
resistance to other drugs [21, 22]. The above facts should
raise concerns on Hr-TB.

The concurrent studies of our group suggest [12] that
T2DM (OR=1.472, 95%Cl: 1.037~2.088, P=0.030) and
history of previous tuberculosis treatment (OR=2.913,
95%Cl: 1.971~4.306, P=0.000) are independent risk fac-
tors for Hr-TB in adults. Song W M reported [11] that
diabetes was identified as a risk factor of total drug-
resistant tuberculosis (DR-TB), Poly-resistant tuber-
culosis (PDR-TB), Streptomycin (SM) resistance and
isoniazid + streptomycin resistance among newly diag-
nosed TB cases, consistent with our findings. The occur-
rence of these phenomena may involve HBA1C levels and
hyperglycemia affecting the delayed absorption/faster
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Table 2 Univariate logistic regression analysis of risk factor for Hr-TB in DM-PTB patients

Variable Hr-TB (n=44) DS-TB (n=235) Unadjusted OR (95% Cl) Pvalue
Male, n (%) 38 (86.4%) 197 (83.8%) 1.222 (0.483-3.091) 0673
Age, Median (IQR) 57.00 (46.25-64.00) 57.00 (47.00-67.00) 0.990 (0.966-1.014) 0412
Age group, n (%)

18-59 23 (52.3%) 130 (55.3%)

>=60 21 (47.7%) 105 (44.7%) 1.130(0.593-2.155) 0.710
BMI (kg/m2), Median (IQR) 21.35(20.35-24.10) 21.72 (19.53-24.09) 1.049 (0.955-1.153) 0.321
BMI group, n (%)

<18.5,n (%) 5(11.4%) 43 (18.3%) 0578 (0.212-1.575) 0.284
18.5-<25,n (%) 31 (70.5%) 154 (65.5%) 0539
>25,n (%) 8 (18.2%) 38 (16.2%) 1.046 (0.445-2.458) 0918
Hypertension, n (%) 9 (20.5%) 77 (32.8%) 0.528 (0.242-1.153) 0.109
Tuberculosis treatment, n (%) 1(25.0%) 27 (11.5%) 2.568 (1.164-5.666) 0.020*
PTB and EPTB, n (%) 2 (4.5%) 25 (10.6%) 0.400 (0.091-1.753) 0.224
Ever-smoker, n (%) 16 (36.4%) 81 (34.5%) 1.086 (0.556-2.124) 0.809
Alcohol, n (%) 1(25.0%) 44 (18.7%) 1447 (0.679-3.085) 0339
Urban, n (%) 42 (95.5%) 202 (86.0%) 3431(0.792-14.854) 0.099
Bilateral pulmonary infiltration, n (%) 36 (81.8%) 186 (79.1%) 85(0.518-2.714) 0.687
Lung Cavity, n (%) 27 (61.4%) 150 (63.8%) 0.900 (0.464-1.746) 0.755
MLR, Median (IQR) 043 (0.31-0.71) 0.51(0.33-0.72) 0.676 (0.254-1.802) 0433
MLR>0.5, n (%) 18 (40.9%) 122 (51.9%) 0.641 (0.334-1.232) 0.182
NLR, Median (IQR) 411 (249-5.35) 4.07 (2.82-6.48) 0.969 (0.904-1.038) 0371
PNI, Median (IQR) 45.33 (40.43-48.74) 4240 (37.85-47.00) 1.025 (0.982-1.070) 0.263
PNI>40, n (%) 34 (77.3%) 152 (64.7%) 1.857 (0.873-3.947) 0.108
Fasting blood glucose, Median (IQR) 873 (5.55-10.59) 7.14 (5.61-9.67) 1.040 (0.966-1.120) 0.296
Poor fasting glycemic control, n (%) 27 (61.4%) 94 (40.0%) 2382 (1.231-4.612) 0.010*
Glycated hemoglobin, Median (IQR) 9.20 (7.13-10.88) 9.20 (7.40-11.20) 0.949 (0.821-1.098) 0481
Poor control of glycated hemoglobin, n (%) 33 (75.0%) 175 (74.5%) 1.029 (0.489-2.162) 0.941
Serum iron level, Median (IQR) 10.90 (6.60-15.18) 8.50 (4.80-12.50) 1.057 (1.006-1.110) 0.028*
Serum iron level > 14.3umol/l, n (%) 15 (34.1%) 39 (16.6%) 2.599 (1.276-5.297) 0.009*

Abbreviations: BMI, body mass index; OR, odds ratio; EPTB, extra-pulmonary tuberculosis; PNI, prognostic nutritional index= [serum albumin (ALB) (g/L)+5 x total
lymphocyte count (109/L)]; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; FBG, fasting blood glucose; Data are median (IQR), n (%), or

n/N (%). *p < 0.05

Table 3 Multivariate logistic regression analysis of risk factor for
Hr-TB in DM-PTB patients

Variable B S.E.  Wald adjusted P
OR(95% Cl) value

Tuberculosis 0854 0423 4.072 2348(1.025- 0.044*

treatment(1) 5.379)

Urban(1) 1453 0770 3562 4.275(0.946- 0.059
19.325)

Poor fasting glycemic 0.876 0351 6.246 2402(1.208- 0.012*

control 4.776)

Serum iron 1.033 0380 7.398 2.808(1.334- 0.007*

level > 14.3umol/I 5.910)

Variables with P < 0.1 were selected in the multivariate logistic regression
equation using the stepwise forward selection method

elimination of isoniazid [13, 14]. It has also been reported
that Diabetes Mellitus is associated with genotypic resis-
tance to at least one anti-tuberculosis drug [23]. How-
ever, further research is needed on whether there are
other causes of Hr-TB in adult patients with diabetes.
Based on this, we included nutrition, immunity, serum
iron, and blood glucose control levels, and used binary

logistic regression to explore the risk factors for Hr-TB in
adult patients with T2DM. After excluding other interfer-
ing factors, it was uncovered that a history of anti-tuber-
culosis therapy, unsatisfactory FPG control, and serum
iron levels > 14.3 ymol/l were independent risk factors for
Hr-TB with T2DM.

History of anti-TB therapy is a risk factor for MDR-TB
[24], supporting history of anti-tuberculous therapy as an
independent risk factor for the development of DR-TB.

The literature [14] confirmed that HbA1C is a risk fac-
tor for isoniazid resistance, but the results of this study
suggest that the HbA1C in patients with T2DM cannot
be considered as an independent risk factor for Hr-TB,
whereas FPG control is an independent risk factor for
Hr-TB in patients with T2DM. Different outcome causes
may involve different ranges of isoniazid resistance defi-
nitions. Whereas some of the study subjects were isonia-
zid mono-resistant patients, this study was conducted in
patients with Hr-TB and not in patients with RR-TB. In
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Variable Hr-TB (n=44) DS-TB (n=235) Unadjusted OR P Adjusted OR P
(95% Cl) value (95% Cl) value
Newly treatment, n (%) 33 (75.0%) 208 (88.5%)
Male, n (%) 27 (81.8%) 173 (83.2%) 0.910 (0.350-2.369) 0.847
Age, Median (IQR) 60.00 (46.50-64.00)  57.00 (47.00-67.00)  0.993 (0.966-1.020) 0.605
Age group, n (%)
18-59 15 (45.5%) 116 (55.8%)
>=60 18 (54.5%) 92 (44.2%) 1.513(0.723-3.164) 0271
BMI (kg/m2), Median (IQR) 2126 (2045-2449)  21.74(19.58-24.07)  1.052(0.945-1.171) 0.351
BMI group, n (%)
<185,n (%) 4(12.1%) 37 (17.8%) 0.668 (0.217-2.060) 0483
18.5-<25,n (%) 22 (66.7%) 136 (65.4%) 0.655
>25,n (%) 7 (21.2%) 35 (16.8%) 1.236 (0.489-3.128) 0.654
Hypertension, n (%) 7 (21.2%) 67 (32.2%) 0.567 (0.234-1.371) 0.208
PTB and EPTB, n (%) 2 (6.1%) 21 (10.1%) 0.575 (0.128-2.573) 0.469
Ever-smoker, n (%) 12 (36.4%) 69 (33.2%) 1.151 (0.535-2.476) 0.719
Alcohol, n (%) 10 (30.3%) 37 (17.8%) 2.009 (0.882-4.576) 0.097 2027 0.106
(0.861-4.776)
Urban, n (%) 2(97.0%) 180 (86.5%) 4978 (0.654-37.893)  0.121
Bilateral pulmonary infiltration, n (%) 27 (81.8%) 162 (77.9%) 1.278 (0.498-3. 282) 0611
Lung Cavity, n (%) 19 (57.6%) 132 (63.5%) 0.781(0.371-1.647) 0517
MLR, Median (IQR) 047 (0.33-0.75) 0.50(0.32-0.72) 0.976 (0.367-2. 599) 0.962
MLR>0.5, n (%) 15 (45.5%) 106 (51.0%) 0.802 (0.384-1.676) 0.557
NLR, Median (IQR) 4.29(2.53-5.59) 4.06 (2.87-6.35) 0.972 (0.899-1.051) 0474
PNI, Median (IQR) 45,65 (39.55-49.48)  42.25(37.74-46.84)  1.023 (0.974-1.075) 0.366
PNI=40, n (%) 25 (75.8%) 132 (63.5%) 1.799 (0.733-4.187) 0.173
Fasting blood glucose, Median (IQR) 8.62 (5.26-1043) 6.82 (5.50-9.58) 1.063 (0.968-1.167) 0.203
Poor fasting glycemic control, n (%) 19 (57.6%) 79 (38.0%) 2216 (1.052— 4668) 0.036* 2296 0.032*
(1.073-4.915)
Glycated hemoglobin, Median (IQR) 9.30 (7.15-10.90) 9.20(7.33-11.18) 0.958 (0.809-1.133) 0613
Poor control of glycated hemoglobin, n (%) 25 (75.8%) 155 (74.5%) 1.069(0.454-2.513) 0.879
Serum iron level, Median (IQR) 11.10 (6.15-15.15) 7.70 (4.80-12.15) 1.042 (0.983-1.104) 0.169
Serum iron level > 14.3umol/I, n (%) 1(33.3%) 34 (16.3%) 2.559 (1.136-5.762) 0.023* 2418 0.038*
(1.048-5.577)
Previously treatment 1(25.0%) 27 (11.5%)
Male, n (%) 11 (100.0%) 24 (88.9%) 740425839.5 (0.000-)  0.999
Age, Median (IQR) 56.00 (46.00-64.00)  57.00 (48.00-67.00)  0.976 (0.920-1.034) 0407
Age group, n (%)
18-59 8 (72.7%) 14 (51.9%)
>=60 2(27.3%) 13 (48.1%) 0.404 (0.088-1.859) 0.244
BMI (kg/m2), Median (IQR) 2143 (19.59-23.73)  21.60(19.03-24.22)  1.060 (0.856-1.313) 0.591
BMI group, n (%)
<185,n (%) 1(9.1%) 6 (22.2%) 0.333 (0.035-3.205) 0.341
18.5-<25,n (%) 9 (81.8%) 18 (66.7%) 0.621
>25,n (%) 1(9.1%) 3(11.1%) 0.667 (0.060-7.352) 0.741
Hypertension, n (%) 2 (18.2%) 10 (37.0%) 0.378 (0.068-2.109) 0.267
PTB and EPTB, n (%) 0(0.0%) 4 (14.8%) 0.000 (0.000-) 0.999
Ever-smoker, n (%) 4 (36.4%) 12 (44.4%) 0.714 (0.169-3.027) 0.648
Alcohol, n (%) 1(9.1%) 7 (25.9%) 0.286 (0.031-2.653) 0.271
Urban, n (%) 10 (90.9%) 22 (81.5%) 2.273(0.234-22.074) 0479
Bilateral pulmonary infiltration, n (%) 9 (81.8%) 24 (88.9%) 0.563 (0.080-3.939) 0.562
Lung Cavity, n (%) 8 (72.7%) 18 (66.7%) 1.333(0.283-6.279) 0.716
MLR, Median (IQR) 040 (0.22-0.54) 0.57 (0.34-0.70) 0.046 (0.001- 4) 0.094
MLR=0.5, n (%) 3(27.3%) 16 (59.3%) 0.258 (0.056-1.194) 0.083
NLR, Median (IQR) 3.04 (1.88-4.64) 440 (1.88-6.91) 0.969 (0.848-1.107) 0.642
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Variable Hr-TB (n=44) DS-TB (n=235) Unadjusted OR P Adjusted OR P
(95% ClI) value (95% Cl) value
PNI, Median (IQR) 45.00 (40.65-48.70)  43.75(39.10-47.70)  1.024 (0.932-1.125) 0.620
PNI>40, n (%) 9 (81.8%) 20 (74.1%) 1.575(0.272-9.131) 0612
Fasting blood glucose, Median (IQR) 8.90 (6.70-10.68) 847 (6.89-11.02) 0.964 (0.825-1.126) 0.642
Poor fasting glycemic control, n (%) 8 (72.7%) 15 (55.6%) 2.133(0.463-9.839) 0331
Glycated hemoglobin, Median (IQR) 7.80 (6.70-10.80) 9.10 (7.80-11.40) 0.920 (0.688-1.231) 0.576
Poor control of glycated hemoglobin, n (%) 8 (72.7%) 20 (74.1%) 0.933 (0.192-4.539) 0.932
Serum iron level, Median (IQR) 10.70(9.20-19.40) 1140 (7.40-13.70) 1.079 (0.966-1.205) 0.180
Serum iron level > 14.3umol/l, n (%) 4 (36.4%) 5(18.5%) 2514 (0.525-12.036) 0.248

Note: BMI classification criteria: underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5 to <25 kg/m2), overweight or obese (BMI =25 kg/m2)

the next step, we can expand the samples and continue to
stratify based on HbA1C.

A serum iron level>14.3 pumol/l is an independent
risk factor for adult Hr-TB patients with T2DM. Drug-
resistant Mycobacterium tuberculosis strains have been
reported to three times higher iron levels than drug-
susceptible strains [25], consistent with the results of
this research. The mechanism needs to be considered as
follows: (1) According to previous reports [26-29], iron
is required for the growth and reproduction of Myco-
bacterium tuberculosis in host macrophages, and plays
a key role in the growth, pathogenicity, immune evasion,
and host adaptation of Mycobacterium tuberculosis. (2)
Mycobacterium tuberculosis has two iron uptake regu-
lators, ferric uptake regulator (Fur) and iron-dependent
repressor and activator (IdeR), among which the FurA
gene, a homolog of Fur, is located upstream of KatG
encoding catalase-peroxidase (a common resistance gene
in isoniazid) [30]; Another IdeR protein regulates genes
involved in iron acquisition and storage, such as genes
encoding siderophore production and transport, sidero-
portin, ferritin, and bacterial ferritin, as well as genes
involved in the assembly of iron-sulfur clusters and genes
encoding metabolic enzymes and iron cofactors [31].
(3) At the transcriptional level, actinomycetes-specific
WhiB transcription factors and transcription initiation
factor Sigma play a role in regulating drug resistance,
with WhiB7 belonging to the actinomycetes-specific Fe-
S-containing transcription factor family [32]. (4) There
is a close relationship between siderophore secretion
and drug efflux in Mycobacterium tuberculosis [33]. The
efflux pump Rv1258c, which belongs to the major pro-
moter superfamily (MFS), not only has the function of
regulating drug resistance of Mycobacterium tubercu-
losis, but also the novel function of activating oxidative
stress and regulating ESX-3-related iron metabolism in
Mycobacterium tuberculosis [34]. (5) Increased dietary
iron intake is strongly associated with prognosis during
Mycobacterium tuberculosis infection [35]. The above
evidence.

suggests a possible correlation between serum iron
level and isoniazid resistance. However, further research
is needed on the specific mechanisms between iron
metabolism, Mycobacterium tuberculosis, and isoniazid
resistance.

This study has certain limitations, such as potential
biases (e.g., selection bias in single-center design) or
unmeasured confounders (e.g., dietary iron intake or
adherence to a history of previous tuberculosis treat-
ment). We also did not further analyses of serum iron
levels in patients with Hr-TB without T2DM, although
iron is important for TB resistance. The next step we can
choose genetic studies to explore how iron is involved
in the comorbid group of Hr-TB. We can verify the risk
factors and confounders with a prospective study and a
proper sample size with a good power of study before
venturing on genetic studies.

This study addresses T2DM and Hr-TB comorbidi-
ties, which affect public health, and elucidates relevant
risk factors such as serum iron levels. Which allow us to
raise awareness of Hr-TB in adult patients with T2DM,
and improving glycemic control or monitoring serum
iron levels to reduce Hr-TB risk. To achieve the goal of
accurate diagnosis, early drug resistance screening, and
reasonable treatment plans for patients with PTB and
T2DM.
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