
I NTRODUCTION 

The interaction between tuberculosis and diabe-
tes mellitus has become increasingly recognized as a 
significant clinical and epidemiological problem. 
Diabetes mellitus contributes to impaired immune 
defense mechanisms, thereby increasing susceptibil-
ity to Mycobacterium tuberculosis infection and 
favoring disease progression. Epidemiological evi-
dence indicates that individuals with diabetes pre-
sent an approximately threefold higher risk of devel-
oping active tuberculosis compared to non-diabetic 
populations [1,2]. Furthermore, the prevalence of 
diabetes among patients diagnosed with pulmonary 
tuberculosis varies considerably across different 
populations, ranging between 1.9% and 35% [3]. 
Conversely, tuberculosis itself may induce transient 
disturbances in glucose metabolism and stress-
related hyperglycemia, complicating glycemic con-
trol and the management of diabetic patients [4]. 

According to the 2025 Global Tuberculosis Report 
published by the World Health Organization, ap-
proximately 8.3 million new cases of tuberculosis 
were reported worldwide in 2024. More than half of 
these patients (54%) underwent initial evaluation 
using rapid molecular diagnostic methods, reflecting 
a notable increase compared to 48% reported in 
2023. Despite advances in diagnostic strategies and 
treatment approaches, pulmonary tuberculosis re-
mains a major global health concern, influenced by 
several important risk factors, including malnutri-
tion, HIV infection, tobacco smoking, excessive 
alcohol consumption, and diabetes mellitus [5]. Pa-
tients with TB-DM comorbidity frequently present with 
more severe clinical manifestations and unfavorable dis-
ease evolution. Several studies have demonstrated that 
these patients exhibit higher rates of sputum smear positiv-
ity at diagnosis, more extensive pulmonary lesions, and 
increased frequency of symptoms such as persistent fever, 
productive cough, and hemoptysis [6]. In addition, diabe-

tes mellitus has been associated with delayed sputum 
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conversion and prolonged persistence of positive smear 
microscopy and culture results during the intensive phase 
of anti-tuberculosis therapy, suggesting a slower therapeu-
tic response and increased risk of adverse outcomes [7].  

Chronic inflammatory diseases such as tuberculosis (TB) 
and diabetes mellitus (DM) are pathogenetically associated 
with oxidative stress. In diabetes mellitus, intrinsic pre-
disposition factors, including aging and  
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INTRODUCTION. The coexistence of diabetes mellitus (DM) and 
pulmonary tuberculosis (TB) represents a major global public health 
challenge, with diabetes being recognized as an important risk factor for the 
development and progression of TB. Chronic hyperglycemia promotes the 
formation and accumulation of advanced glycation end products (AGE), 
which contribute to oxidative stress, persistent inflammation, and immune 
dysfunction. In patients with TB-DM comorbidity, elevated AGE levels may 
impair innate and adaptive immune responses by reducing phagocytic 
activity, altering macrophage function, and delaying antigen presentation, 
thereby favoring the persistence and severity of Mycobacterium tuberculosis 
infection. 

OBJECTIVE. To evaluate the influence of advanced glycation end 
products (AGE) in patients with pulmonary tuberculosis and diabetes mellitus 
and to determine their role in the inflammatory and immune response 
associated with TB-DM comorbidity. 

MATERIAL AND METHODS. The prospective observational study was 
conducted at the “Chiril Draganiuc” Institute of Pneumology during the 
period 2019–2024 and included 118 patients. The study population was 
divided into two subgroups: group L1, consisting of 59 patients with 
pulmonary tuberculosis and diabetes mellitus, and group L2, comprising 59 
patients with pulmonary tuberculosis without diabetes mellitus. All 
participants were assessed before and after in-hospital treatment. The 
diagnosis of pulmonary tuberculosis was confirmed by acid-fast bacilli (AFB) 
smear microscopy and the molecular-genetic method Xpert MTB/RIF. In 
order to evaluate the influence of advanced glycation end products (AGEs) in 
TB-DM comorbidity, serum AGE levels, biomarkers of systemic inflammation 
like Ceruloplasmin and C-reactive protein were determined and 
comparatively analyzed between the study groups. 

RESULTS. In the study, we demonstrated importance of AGEs and 
systemic inflammatory markers Ceruloplasmin and C-reactive protein (CRP) 
showed distinct dynamics during treatment. In the TB-DM group, 
ceruloplasmin exhibited a more moderate increase of 19.3%, compared to 
30.8% in group 1. Diabetes mellitus was also associated with a lower overall 
rise in serum AGE levels, reaching 153% by the end of therapy. Regarding 
bacteriological outcomes, the proportion of patients with negative AFB 
results decreased 2.3-fold in the study group during treatment, whereas in 
group 1 the reduction was more pronounced, reaching 5.4-fold, with a decline 
from 62.7% to 27.1%. A similar trend was observed for Xpert MTB/RIF, with 
a decrease in the number of negative patients in both groups throughout 
therapy. 

Overall, the coexistence of these two conditions is characterized by a 
more pronounced attenuation of the immune–inflammatory response during 
anti-tuberculosis treatment. 

CONCLUSION. Overall, these findings indicate that AGEs, 
ceruloplasmin, and C-reactive protein collectively represent valuable 
biomarkers reflecting the complex interaction between oxidative stress, 
inflammation, and immune dysfunction in pulmonary tuberculosis associated 
with type II diabetes mellitus, and may serve as useful indicators for disease 
severity, progression, and therapeutic response. 
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family history, together with extrinsic factors such as 
smoking, further contribute to increased oxidative stress 
[8,9]. Oxidative stress in diabetic patients is closely related 
to the formation of advanced glycation end products 
(AGEs), which result from non-enzymatic chemical reac-
tions between proteins and sugars [10]. Excessive accumu-
lation of AGEs in patients with DM is involved in the 
pathophysiology of chronic diabetic complications, includ-
ing diabetic cardiomyopathy through AGE-induced endo-
thelial progenitor cell dysfunction. AGEs may exert their 
biological effects through both receptor-dependent and 
receptor-independent mechanisms. The receptor for ad-
vanced glycation end products (RAGE), a member of the 
major histocompatibility complex (MHC) class III family, 
is expressed on the surface of immune cells and plays an 
important role in the regulation of tuberculosis infection. 
In pulmonary tuberculosis, an effective immune response 
against Mycobacterium tuberculosis largely depends on 
the proper function of macrophages and T lymphocytes. 
AGEs interfere with these immune mechanisms by altering 
the structure and function of proteins and receptors in-
volved in antigen recognition and phagocytosis. Conse-
quently, macrophages exposed to elevated AGE levels ex-
hibit a reduced capacity to phagocytose and eliminate My-
cobacterium tuberculosis, thereby promoting persistence of 
the infection and progression of the disease [11].  

In patients with tuberculosis–diabetes mellitus (TB-DM) 
comorbidity, elevated levels of advanced glycation end 
products (AGEs) may contribute to a more severe disease 
course and a delayed therapeutic response. Individuals 
with diabetes frequently exhibit poor glycemic control, 
which promotes the continuous formation and accumula-
tion of AGEs and sustains a persistent pro-inflammatory 
environment. This may partially explain the increased sus-
ceptibility of these patients to extensive pulmonary lesions, 
complications, and recurrent tuberculosis. 

From a clinical perspective, AGEs may be considered indi-
rect biomarkers of metabolic imbalance and chronic in-
flammation. Although their assessment is not yet widely 
implemented in routine clinical practice, the inclusion of 
AGE evaluation in studies investigating the interaction 
between tuberculosis and diabetes mellitus may provide 
valuable insights into the underlying pathogenic mecha-
nisms involved in TB-DM comorbidity. 

An important aspect is that the reduction of AGE 
formation can be achieved through adequate gly-
cemic control and therapeutic interventions tar-
geting oxidative stress and inflammation. There-
fore, optimal management of diabetes mellitus in 
patients with pulmonary tuberculosis may not 
only improve metabolic control but also enhance 
immune response and increase the effectiveness 
of anti-tuberculosis treatment [12]. 

 

M ATERIALS AND METHODS 

The prospective observational study was 
conducted at the Chiril Draganiuc Institute of 
Pneumology during the period 2019–2024 and 
included 118 patients. The study group was di-
vided into two subgroups: group L1, consisting of 

59 patients with pulmonary tuberculosis and diabetes 
mellitus, and group L2, comprising 59 patients with pul-
monary tuberculosis without diabetes mellitus. All partici-
pants were assessed both before and after the in-hospital 
treatment. Diagnosis was based on acid-fast bacilli (AFB) 
smear microscopy, the molecular-genetic Xpert MTB/RIF 
method, AGEs indices, Ceruloplasmin and C-reactive pro-
tein levels. All patients were treated according to the na-
tional clinical protocol and were evaluated at one-month 
intervals during hospitalization. 

The study was approved by decision no. 31 of 18.05.2019, 
issued by the Research Ethics Committee of Nicolae Tes-
temițanu State University of Medicine and Pharmacy. The 
representative sample size was calculated using EpiInfo 
version 7.2.2.6, in the “Stat Calc – Sample Size and Pow-
er” module. The mean, median, and standard deviation 
(SD) were determined. To compare the two groups, the 
Student’s t-test was applied, and the statistical significance 
of differences was assessed using the p-value, with p < 
0.05 considered significant. 

 

R ESULTS 

According to the demographic distribution, the ana-
lyzed study samples demonstrated a predominantly male 
distribution in both groups, more pronounced in the non-
diabetes mellitus group. Female participants were un-
derrepresented compared to males in both the diabetes 
mellitus and non-diabetes mellitus groups (figure1). 

To more accurately determine the impact of diabetes 
mellitus on the clinical course of pulmonary tuberculosis 
and on the effectiveness of anti-tuberculosis therapy, it is 
important to analyze biomarkers that demonstrate signifi-
cant differences between patients with TB-DM comorbidi-
ty and those without diabetes, both before and after treat-
ment. 

In order to evaluate the particularities of oxidative stress 
and inflammatory response in patients with pulmonary 
tuberculosis associated with diabetes mellitus, circulating 
levels of advanced glycation end products (AGEs), cerulo-
plasmin, and C-reactive protein (CRP) were assessed in 
group 1 (TB-DM) at the initiation and completion of anti-
tuberculosis treatment (Table1).                                                                             
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Figure 1. Distribution of Pacients DZ/non DZ 
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Notably, the reduction in serum CRP levels was similar in 
both groups: 47.8%. In contrast to the positive dynamics of 
Ceruloplasmin in group1, was a more moderate, yet signifi-
cant, elevation in ceruloplasmin levels, with an estimated 
increase rate of 19.3% (compared to 30.8% in group 1). In 
addition, the association with diabetes mellitus was charac-
terized by a considerably more limited increase in serum 
AGE levels; by the end of treatment, the rise of this marker 

reached 153%. 

Additionally, we evaluated AGEs, 
Ceruloplasmin, and C-Reactive Protein 
Parameters in the Control Group 
(Table 2). 

The serum level of ceruloplasmin, a 
carrier of bivalent copper with pro-
oxidative properties, also increased 
significantly by 30.85%. These find-
ings suggest an intensification of ceru-
loplasmin activity under the studied 
conditions. A combined interpretation 
of these two markers, C-reactive pro-
tein (CRP) and ceruloplasmin, indi-
cates a balance between pro-
inflammatory and anti-inflammatory 
processes: the increase in ceruloplas-
min reflects activation of antioxidant 
and defense mechanisms, while the 
reduction in CRP suggests attenuation 
of acute inflammation. This correlation 
points to the organism’s adaptive re-
sponse to the studied conditions and 
highlights the usefulness of both mark-
ers in the assessment of inflammatory 
and oxidative status. 

A remarkable increase in advanced 
glycation end products was also ob-
served. Thus, pentosidine, a specific 
prototype of AGEs, increased in blood 
more than 13-fold at the end of treat-
ment compared to the baseline level. 
Current pathophysiological concepts 
associate elevated pentosidine levels 
with diabetic hyperglycemia and/or 
oxidative stress, emphasizing a specific 
mechanism of somatic and immune cell 
stimulation mediated through the 
RAGE receptor. This pronounced aug-
mentation suggests the active involve-
ment of advanced glycation processes 
in the pathogenesis of pulmonary tu-
berculosis, being associated with in-
tense oxidative stress and chronic in-
flammation characteristic of the dis-
ease. The dramatic increase in AGEs 
may contribute to functional impair-
ment of pulmonary tissues through the 
formation of covalent cross-links be-
tween proteins, thereby affecting the 
elasticity and integrity of the extracel-
lular matrix. Furthermore, AGE accu-
mulation may amplify the local inflam-

matory response, creating a vicious cycle between gly-
cation, oxidative stress, and inflammation, which supports 
the monitoring of this parameter as a marker of disease 
progression and severity. 

In our study, we also evaluated the dynamics of laboratory 
tests, including AFB smear and Xpert MTB/RIF. To con-
clusively assess the impact of diabetes mellitus on the 
course of TB and, in particular, on the effectiveness of the 
applied therapy, it is informative to analyze  
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Table 1. Changes in serum levels (M±SD) of AGEs and inflammatory markers 

Marker Pacients  TB-DM study group 
(n=59) 

± (%) p 

Before 
treamtent 

After treat-
ment 

AGEs (pentosidine), 

µmol/L 

Median 

5996,4±889 

  

2119 

15208±12622 

  

25979 

+153% <0.00031 

Ceruloplasmin, µg/L 
Median 

828,6±256.6 

832,3 

988,7±288.4 

1003.8 

+19,3% <0.00286 

PCR, mg/L 
Median 

32,1±43 
12 

23,3±51 
12 

-47,8% 0,1172 

Note: p – significance value comparing after treatment vs. before treatment; ± 
(%) – relative changes of the marker during the treatment period. 

Table 2. Changes in serum levels (M±SD) of AGEs and inflammatory markers 
in patients with TB and DM over a one-month treatment period 

Marker Pacients  TB control group 
(n=59) 

± (%) p 

Before tream-
tent 

After treat-
ment 

AGEs (pentosidine), 

µmol/L 

Median 

2030,3±508,4 

  

2237,9 

26684,3±526,8 

  

26732 

elevat-
ed>13 
times 

<0.000 

Ceruloplasmin, µg/L 
Median 

687,8±233 

727,7 

899,2±220 

881,2 

+30,85% <0.000 

PCR, mg/L 
Median 

27,4±45,9 

12 

14,3±13,9 

14,7 

-47,8% 0,006 

Note: p – significance value comparing after treatment vs. before treatment; ± 
(%) – relative changes of the marker during the treatment period 

Table 3. Median values of AFB smear and Xpert MTB/RIF indices before and 
after a one-month treatment period 

Indice Before treatment After treatment 

Grup1 DZ vs group2 non DZ Grup1 DZ vs group2 non DZ 

DZ 
n (%) 

-DZ 
N (%) 

DZ vs 
-DZ 

p DZ 
n (%) 

-DZ 
n (%) 

DZ vs 
-DZ 

P 

AFB 
pozitiv 

37 
(62,7%) 

27 
(45,8%) 

+37% >0,05 16 
(27,1%) 

5 
(8,5%) 

+220% 0,014 

Xpert 
MTB/

Rif 
negativ 

10 
(16,9%) 

23 
(39%) 

-56,5% 0,013 26 
(40,7%) 

37 
(62,7%) 

-29,8% 0,026 

 



markers showing significant discrepancies between groups 
(DM vs. non-DM) both at baseline and after treatment. 

Beneficial changes in AFB smear and Xpert MTB/RIF 
indices were observed in both groups, but their relative 
restoration was superior in the group without diabetes 
mellitus (Table 3).                                                                                                                                                                                                                                

The proportion of AFB-positive smears decreased by 
56.8% after treatment in the DM group, while the corre-
sponding reduction in the non-DM group was 81.2%. 
Thus, the initially non-significant discrepancy became sig-
nificant after treatment (p < 0.014), and the relative incre-
mental gap between DM and non-DM increased from 37% 
to 220%. 

The proportion of negative Xpert MTB/RIF results in-
creased during anti-TB treatment in both groups, indicat-
ing the effectiveness of the therapy in the context of this 
test’s ability to detect or rule out the presence of mycobac-
teria in biological samples. The reduction in AFB-positive 
smears correlates with the decline in positive Xpert MTB/
RIF results. However, although the increase in negative 
Xpert MTB/RIF results after treatment was higher in the 
DM group (160% vs. 61%), the final parameter remained 
significantly higher (+42.3%) in the group without diabe-
tes mellitus. 

 

D ISCUSSION 

The impact of tuberculosis (TB) on morbidity, disa-
bility, and mortality rates within the human community 
remains a major medical and social concern, particularly in 
countries with limited economic resources. In the spectrum 
of mortality caused by infectious diseases, TB is surpassed 
only by COVID-19, which ranks first according to World 
Health Organization data, while in 2024 the number of 
deaths caused by TB was estimated at 1.23 million [13,14]. 
Although the pulmonary system represents the primary 
target of Mycobacterium tuberculosis infection, other vital 
organs are also susceptible, including bones, the brain, and 
the eyes [15]. 

Advanced glycation end products (AGEs) and ceruloplas-
min represent important biomarkers involved in the patho-
physiological mechanisms of pulmonary tuberculosis asso-
ciated with diabetes mellitus. Their evaluation provides 
valuable information regarding the intensity of oxidative 
stress, chronic inflammation, and metabolic imbalance that 
characterize TB-DM comorbidity. The combined assess-
ment of AGEs and ceruloplasmin provides a broader un-
derstanding of the balance between oxidative damage and 
compensatory antioxidant mechanisms in TB-DM patients. 
While elevated AGE levels indicate intensified glycation 
processes and chronic oxidative stress, increased cerulo-
plasmin may represent an adaptive protective response 
aimed at limiting tissue injury. The coexistence of these 
changes highlights the complex interaction between meta-
bolic disorders, inflammation, and immune dysfunction in 
pulmonary tuberculosis associated with diabetes mellitus. 

From a clinical perspective, monitoring AGEs and cerulo-
plasmin may contribute to the evaluation of disease severi-
ty, therapeutic response, and risk of complications in pa-
tients with TB-DM comorbidity. These biomarkers may 

also represent potential therapeutic targets, particularly 
through interventions focused on improving glycemic con-
trol, reducing oxidative stress, and modulating chronic 
inflammation. 

In our study, the impact of diabetes mellitus (DM) on the 
effectiveness of specific TB therapy was assessed by eval-
uating AFB smear and Xpert MTB/RIF values before and 
after treatment. It is noteworthy that in group2, the number 
of patients with negative AFB smears decreased 2.3-fold 
during treatment (in group1, the reduction reached 5.4-
fold), with the relative decline estimated from 62.7% to 
27.1%. Thus, the number of AFB-positive patients among 
those with TB and DM remained statistically higher com-
pared to group1. At the same time, the reduction in AFB-
positive cases was associated with an increase in negative 
Xpert MTB/RIF results from 16.9% to 40.7%, with the 
final value still lower than that in group1 (40.7% vs. 
62.7%). 

Regarding the inflammatory status, it is worth noting the 
higher serum CRP levels in group2 (TB+DM) compared to 
group1, both at baseline (by 17.1%) and at the end of treat-
ment (by 62.9%). The degree of elevation of this general 
inflammation marker reflects the severity of the infectious 
agent’s manifestation and serves as a negative predictor of 
TB progression [16]. In group2, the increased CRP synthe-
sis, determined by the functional activity of Mycobacte-
rium tuberculosis, is compounded by the pro-
inflammatory effect of type II diabetes mellitus, which 
also involves extrapulmonary cells, including vascular 
endothelial cells. Similarly, the increase in ceruloplasmin, 
the carrier of bivalent copper with pro-oxidative proper-
ties, was lower: 19.3% versus 30.85%. The elevation of 
ceruloplasmin was accompanied by changes in C-reactive 
protein (CRP), both markers representing acute-phase pro-
teins. Pro-oxidative activity is regulated by the antioxidant 
system, the functional capacity of which was assessed 
through the determination of serum levels of several spe-
cific biomarkers. 

In this context, it is important to highlight the opinion of S. 
Masafumi et al. (2022), who stated that elevated CRP lev-
els at admission—i.e., before the start of anti-TB treat-
ment—pose a hazard for TB-related complications [17]. 

 

C ONCLUSIONS 

In conclusion, the association of type II diabetes 
mellitus with pulmonary tuberculosis is characterized by a 
dysregulated immune–inflammatory response during anti-
tuberculosis treatment, closely linked to alterations in oxi-
dative stress and metabolic imbalance. This is evidenced 
by persistently elevated levels of advanced glycation end 
products (AGEs), reflecting enhanced glycation processes 
and sustained oxidative stress, together with significant 
changes in ceruloplasmin and C-reactive protein (CRP), 
both key acute-phase proteins involved in systemic inflam-
matory regulation. 

The observed patterns suggest an imbalance between pro-
oxidant and antioxidant mechanisms, where increased AG-
Es contribute to immune dysfunction and impaired host 
defense, while variations in ceruloplasmin indicate ac-
tivation of compensatory antioxidant responses.  13 
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In parallel, CRP dynamics reflect the intensity and resolu-
tion of the systemic inflammatory process. 

Therapeutic efficacy, evaluated in both groups through 
AFB smear microscopy and Xpert MTB/RIF molecular 
testing, demonstrates the negative impact of diabetes 
mellitus on tuberculosis treatment outcomes. Patients with 
diabetes showed higher rates of persistent bacteriological 

positivity at both baseline and the end of therapy, likely 
associated with delayed mycobacterial clearance due to 
impaired immune-inflammatory responses and persistent 
oxidative stress. Similarly, slower normalization of CRP 
levels and sustained elevation of AGEs further support a 
prolonged inflammatory and metabolic disturbance in the 
TB-DM group. 
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