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Background: Diabetes mellitus (DM) is believed to affect tuberculosis (TB) at multiple levels in disease control and treatment
efficacy, but clinical and radiological presentation resulting from interaction of the two diseases is not known.

Methods: A cross-sectional study was conducted on data obtained from medical records of 438 patients confirmed with TB-DM
comorbidity at the Third people’s hospital of Shenzhen from May 01, 2014, to April 30, 2019. Their CT images were reviewed, and
patients were divided into subgroups according to lung cavitation: with and without cavities, and number of segments showing
pulmonary infiltration: <4 segment, 4-8 segment, >8 segment infiltrates. We then compared clinical parameters between these groups.
Results: The median age of the patients was 50.0 years (IQR 43.3-56.0) and 86% (n=375) of them were male. Pulmonary cavities
were found in 80.8% patients. About 42.7% and 27.2% patients were seen to have infiltration involving 4-8 and >8 lung segments,
respectively. Patients presented with cavitation and infiltration involving a greater number of lung segments had significantly higher
values of WBC, MONO%, GRA%, CRP, lower LYN% level and higher bacterial burden in sputum (P<0.001). Higher HbAlc and
FBG were only observed in patients with lung cavities (P<0.001). There was no difference in positive ELISPOT.TB and PCT level
between the groups regardless of presence or absence of lung cavity (P>0.9 and P=0.1 respectively). Lower HGB, ALB and higher
PCT were observed in patients with infiltration involving more lung segments.

Conclusion: Hyper-inflammation in peripheral blood was significantly associated with cavity and the number of lung lesions.
Hyperglycemia was significantly associated with the development of lung cavity. Glycemic control and inflammation influenced
radiographic manifestations in patients with TB-DM.
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Background

Diabetes mellitus (DM) and Tuberculosis (TB) are converging health conditions and represents an immense public health
concern across the globe. DM has been reported to be a known risk factor for TB and complicates disease management
and control.' DM is also believed to affect clinical and radiological manifestations of pulmonary tuberculosis. It has been
demonstrated in numerous studies that co-existing DM and TB conditions may induce an increased frequency of
pulmonary atypical manifestation, including lower lobe lung opacity, occurrence of more lung lesions, cavity and
extensive parenchymal involvement. Moreover, it was indicated that radiological manifestations are potentially correlated
with glycemic control in DM.** Cavitation is a rather severe event of pulmonary tuberculosis and is mostly associated
with an increased risk of disease transmission and poor treatment outcomes, including delayed sputum culture conver-
sion, relapse, development of drug resistance.” Impaired immune response in patients with diabetes increased bacterial
load and inflammation, thus leaded to necrosis and bacterial dissemination.® In this study, we analyzed laboratory results
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and thoracic computed tomographic (CT) scan findings recorded at the time diagnosis was confirmed from patients with
co-existing DM and TB to find out related inflammation factors associated with severe pulmonary manifestation.

Methods and Materials
Study Design and Participants

We conducted a cross-sectional study to explore the relationship between pulmonary CT scan features and clinical character-
istics. We reviewed 1106 patients that were diagnosed with DM and TB at the Third People’s Hospital of Shenzhen from
May 1, 2014 to April 30, 2019. Diabetes and active pulmonary tuberculosis are defined according to the WHO diagnostic
criteria launched between 1999 and 2013.”® The inclusion criteria of this study are (1) age > 18 years, (2) newly confirmed
diagnosis of DM-TB followed national standard, (3) patients who were not already on anti-TB treatment or had started regime
in no more than 3 days prior to enrollment, (4) chest CT performed in our hospital and complete results recorded. The
exclusion criteria are (1) HIV co-infection, corticosteroid/cytotoxic drugs taken within 3 months before disease onset. (2)
pulmonary tuberculosis relapse (3) No pulmonary CT scans taken at diagnosis confirmation. Reason for excluding patients
with HIV and immune compromised conditions is that impaired immune states has been shown to impact the CT image
performance.’ Patients with previous tuberculosis were excluded as pulmonary structural damage could remain and lead to
misjudgment of CT manifestation. Finally, 438 patients were enrolled in this study (Figure 1). This study was approved by the
Ethical Committee of the third people’s hospital of Shenzhen (IRB number: 2021-014-02). Written informed consent of
patients were waived by the Ethic Committee as all clinical data were extracted from the medical system and personal
information of any patient was masked. The hospital undertook that in using these data no personal information of any patients
was involved and complied with the Declaration of Helsinki in regard to confidentiality and ethical standards.

Data Collection

Demographic, clinical and laboratory data were obtained from medical records for all eligible patients. The information
recorded included patient demographics, medical history, underlying comorbidities, laboratory findings and glycemic
control status. Laboratory findings included white blood cell (WBC) count, neutrophilic granulocyte (GRA), lymphocyte

7513 patients were diagnosed
with TB at the Third People’ s
Hospital of Shenzhen from May
01, 2014 to April 30, 2019

Excluded 6407
non-DM patients

Excluded 668 patients
« Age <18 years old.
v » Were on anti-TB treatment or had
1106 patients were diagnosed started regimen more than 3
with both DM and TB days prior to enrollment.

« HIV co-infection, corticosteroid,
cytotoxic drugs taken within 3
months before disease onset.

« Pulmonary tuberculosis relapse.

» No pulmonary CT scans taken at
v diagnosis confirmation.

Eligible Patients
(n=438)

Figure | Flowchart of the participants.
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Figure 2 Cavities and multi-lobe infiltration on chest CT. (A) caseous consolidation with multiple cavities (diameter=5mm) without walls (red star); (B) Nodule with cavity
diameter25mm, cavity wall2Imm (red circle). (C and D) Lung infiltration was defined as consolidation, nodule, opacity in every lobe (red arrow).

(LYN), C-reactive protein (CRP), procalcitonin (PCT), hemoglobin (HGB), Monocyte (MONO) and serum albumin
(ALB). Glycemic control status included free blood glucose (FBG) and the level of Hemoglobin A1C (HbAlc) when
diagnosis was confirmed.

Patients with suspected pulmonary tuberculosis were sent for chest thin-section CT scan at administration. The CT
scanners used in our study included General Electric (GE) Revolution CT256, LightSpeed 16 and CT64 from United
Imaging. The scanning protocols were as follows: tube voltage, 120 kV; automatic tube current (180-400 mA); iterative
reconstruction; 64 mm detector; rotation time, 0.35 s; slice thickness, 1 mm; collimation, 0.625 mm; pitch, 1.5; matrix, 512 x
512; and breath hold at full inspiration. Reconstruction kernel used was lung smooth with a thickness of 1 mm and an interval
of 0.8 mm. Lung windows with window width 1200 HU and window level-600 HU were used for image reading.

All patients’ CT images were reviewed by a trained team of physicians and radiologists at The Third People’s
Hospital of Shenzhen. Chest CT scans were examined on the occurrence and number of lung cavity. The definition of
lung cavity was as below: 1. caseous consolidation with multiple cavities (diameter>5mm) without walls (Figure 2A), 2.
Nodule with cavity diameter>5mm, cavity wall>Imm (Figure 2B). Lung infiltration was defined as consolidation,
nodule, opacity and tree-in-bud in every lobe (Figure 2C and D), which were confirmed with the commonly used
definition.'” The 438 eligible patients were categorized into cavity and non-cavity group based on lung cavitation status.
Based on the number of segments showing lung infiltration, we also stratified these patients into three clinically
distinctive subgroups: <4 segment infiltration, 4-8 segment infiltration and >8 segment infiltration. We then compared
clinical characteristics variations across these subgroups.

Statistical Analyses

All statistical analyses were performed by the R software program (version 4.1.0; R Project for Statistical Computing,
Vienna, Austria). Descriptive statistics were calculated for each variable. All continuous variables were examined for
normality by Shapiro—Wilk test. We present all continuous variables as median and interquartile range (IQR). Categorical
variables were expressed as percentage and frequency. Wilcoxon rank sum or Kruskal-Wallis test was used to compare
continuous variables among different groups. Chi-squared tests of independence were used to explore the relationship
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Table | Sociodemographic and  Clinical
Characteristics of the Participants

Characteristics N (%)
Gender

Male 375 (86.0)

Female 63 (14.0)
Age (year) 50.0 (IQR 43.3-56.0)
Comorbidity
HBV-coinfection 51 (11.6)
Cardiac disease 75 (17.1)
Dialysis 5(1.1)
CRP 399 (91.1)
PCT 343 (78.3)
ELISPOT.TB 376 (86.8)
Microbiology

Smear 392 (89.5)

TB-DNA 358 (81.7)

Culture 385 (87.9)
Glycemic index

FBG 409 (93.4)

HbIAC 370 (84.5)

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin;
ELISPOT.TB, enzyme-linked immune-spot assay. Tuberculosis;
FBG, free blood glucose; HbA,C, Hemoglobin AlIC.

between the subgroups and categorical variables. P-value < 0.05 was considered statistically significant, and all reported
P-values were two-sided.

Results

Baseline demographic and clinical characteristics of the 438 patients included in the study were presented in
Table 1. The median age was 50.0 years (IQR 43.3-56.0) and 86% (n=375) of them were male. 11.6% were
hepatitis B virus (HBV)-coinfected, 17.1% had cardiac diseases and 1.1% were on dialysis. More than 80% patients
had microbial results and glycemic results. 86.8% patients had enzyme-linked immune-spot tuberculosis (ELISPOT.
TB) assay. Chest CT Imaging revealed lung cavities in 80.8% patients. 42.7% patients exhibited infiltration
involving 4-8 lung segments. Comparison of clinical parameters based on cavitation status (Table 2) revealed
a significant gender difference between patients with and without lung cavity (P=0.006). Proportion of sputum
smear, DNA and culture positive patients were significantly higher in the cavity group than non-cavity group
(P<0.001). Patients with cavity were also noted to have significantly higher values of WBC, MONO%, GRA%,
HbAlc, FBG and CRP. Intriguingly, the cavity group had lower LYN level. No significant differences were observed
between the two groups in age, ELISPOT.TB, HGB and ALB.

In addition to the above comparison, patients were also divided into 3 subgroups according to the number of lung
segments involving infiltration: <4 segment (n=132), >4 and <8 segment (n=187), and >8 segment (n=119). The
severity of disease was shown to be positively related to the number of segments involved. The difference in
patients’ characteristic amongst the three subgroups are summarized in Table 3. There was significant difference
amongst three subgroups in bacterial positivity, WBC, GRA, LYN, MONO, HGB, CRP, PCT and ALB. Patients with
more segment involvement tend to have higher value of WBC, GRA, CRP and PCT, lower level of LYN, HGB and
ALB. However, there were no significant differences amongst the three subgroups for HbAlc and FBG.
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Table 2 Characteristics of Participants Stratified by Presence or Absence of Lung Cavity

Characteristic Overall, N = 438 | Non-Cavity, N = 84 Cavity, N = 354 P-value
Gender 0.006°

Male 375/438 (86%) 64/84 (76%) 311/354 (88%)

Female 63/438 (14%) 20/84 (24%) 43/354 (12%)
Age (year) 50.0 (43.3,56.0) 51.0 (44.0,58.0) 50.0 (43.0,55.0) 0.200*
ELISPOT.TB 290/376 (77%) 52/67 (78%) 238/309 (77%) 0.900°
Sputum smear 253/392 (65%) 31/75 (41%) 222/317 (70%) <0.001°
Sputum TB-DNA 277/358 (77%) 37169 (54%) 240/289 (83%) <0.001°
Sputum culture 311/385 (81%) 46/74 (62%) 265/311 (85%) <0.001°
WBC 7.7 (6.3,9.6) 7.2 (5.7,8.6) 7.8 (6.4,9.7) 0.012*
GRA% 69.9 (62.2,77.5) 67.2 (59.6,75.5) 70.0 (63.1,77.9) 0.045*
LYN% 18.6 (13.0,25.2) 20.8 (14.9,29.3) 18.3 (12.6,24.1) 0.007*
MONO% 8.7 (6.5,10.7) 7.3 (5.9,9.5) 8.9 (6.7,10.9) 0.004*
HGB 131.0 (115.0,142.0) 131.5 (109.8,142.0) 131.0 (116.0,142.0) 0.500*
ALB 38.8 (34.8,41.8) 40.0 (36.1,42.4) 38.5 (34.6,41.7) 0.140%
HbAlc 10.7 (8.4,12.6) 9.3 (6.9,11.4) 10.9 (8.7,12.8) <0.001°
FBG 9.7 (7.07,13.1) 7.5 (6.20,10.1) 10.2 (7.50,13.3) <0.001°
CRP 383 (11.581.7) 12.9 (4.9,36.0) 46.5 (15.3,86.5) <0.001?
PCT 0.1 (0.035,0.1) 0.0 (0.028,0.1) 0.1 (0.037,0.1) 0.100*

Note: *Wilcoxon rank sum test, °Chi-squared test.

Abbreviations: ELISPOT.TB, enzyme-linked immune-spot tuberculosis; WBC, white blood cell; GRA, neutrophilic
granulocyte; LYN, lymphocyte; MONO, monocyte; HGB, hemoglobulin; ALB, albumin; FBG, free blood glucose; HbcAl,
hemoglobin AIC; CRP, C-reactive protein; PCT, procalcitonin.

Table 3 Characteristics of Participants Stratified by Number of Lung Segments Showing

Infiltrates

Characteristic <4 Seg.,, N=132 | 4-8 Seg, N=187 | >8 Seg.,, N=119 P-value
Gender 0.500°

Male 116/132 (88%) 156/187 (83%) 103/119 (87%)

Female 16/132 (12%) 317187 (17%) 16/119 (13%)
Age 49.0 (43.0,54.2) 51.0 (44.5,56.0) 49.0 (43.0,56.0) 0.300*
ELISPOT.TB 82/108 (76%) 136/164 (83%) 72/104 (69%) 0.032°
Sputum smear 55/117 (47%) 122/173 (71%) 76/102 (75%) <0.001°
Sputum TB-DNA 62/103 (60%) 137/160 (86%) 78/95 (82%) <0.001°
Sputum culture 791112 (71%) 142/169 (84%) 90/104 (87%) 0.004°
WBC 7.2 (6.1,8.5) 7.8 (6.2,9.7) 8.1 (6.8,10.4) 0.004°
GRA% 65.3 (59.6,71.2) 69.9 (63.1,77.8) 74.0 (67.4,80.8) <0.001*
LYN% 22.9 (18.5,29.2) 17.5 (12.6,24.4) 15.0 (10.3,20.6) <0.001*
MONO% 8.1 (6.2,10.1) 9.2 (6.9,11.7) 8.6 (6.5,10.2) 0.012°
HGB 137.5 (126.0,148.2) 129.0 (113.5,140.0) 125.0 (108.0,135.5) <0.001*
ALB 40.6 (38.0,42.9) 38.4 (34.6,41.7) 36.2 (32.1,40.0) <0.001*
HbAlc 10.5 (8.5,11.9) 10.6 (8.3,12.8) 11.4 (84,13.2) 0.1507
FBG 9.5(74,12.2) 9.4 (6.7,13.1) 10.3 (7.0,13.6) 0.500*
CRP 12.5 (4.3,33.1) 43.3 (16.9,85.9) 63.5 (34.2,94.8) <0.001*
PCT 0.1 (0.03,0.1) 0.1 (0.04,0.1) 0.1 (0.05,0.2) <0.001*

Note: *Kruskal-Wallis rank sum test, bChi-squared test.

Abbreviations: ELISPOT.TB, enzyme-linked immune-spot tuberculosis; WBC, white blood cell; GRA, neutrophilic
granulocyte; LYN, lymphocyte; MONO, monocyte; HGB, hemoglobulin; ALB, albumin; FBG, free blood glucose; HbcAl,

hemoglobin AIC; CRP, C-reactive protein; PCT, procalcitonin.

Therapeutics and Clinical Risk Management 2022:18

https:

Dove!

599


https://www.dovepress.com
https://www.dovepress.com

Zhan et al Dove

Discussion

The dual disease burden of tuberculosis and diabetes (DM-TB) poses substantial challenges to diagnosis and treatment
approach. Hyperglycemia is shown to be associated with severe tuberculosis, delayed culture conversion and poor
prognosis. How diabetes impact pulmonary radiological manifestations is still unclear.

Previous studies demonstrated that hyperglycemia increased the risk of pulmonary TB incidence and was strongly
associated with worsen pulmonary radiographic manifestation in TB patients.'' TB patients with hyperglycemia
presented with cavities and alveolar infiltrates more frequently than those with normoglycemia.'*'"? Patients with
uncontrolled diabetes with HbAlc > 9% were more likely to exhibit an increased number of cavities in lower lung
field and more lobe involvement on chest CT.'? Our findings indicated that multiple pulmonary cavities were often
associated with HbAlc and FBG, which were commonly taken as indexes for glycemia control. We also indicated that
severe radiographic manifestations were associated with a systemic hyper-inflammation state characterized by elevation
of WBC counts, neutrophil, monocyte, CRP and decreased lymphocyte and in serum. Impaired innate immune responses
had been described in many studies for patients with diabetes.®'* Hyperglycemia combined with oxidative stress induce
higher cytokines IL-17A, IL-8, and IL-10 in the lung, which contributes to an exacerbated proinflammatory response.'*'®
Some other components of innate immunity such as the function of neutrophils, macrophages, DC, NK cells are
drastically compromised in individuals with DM, which leads to delayed antigen presentation and impaired microbicidal
activity.'*!” Persistent inflammation has been observed during anti-TB treatment in patients with diabetes.'® We then
inferred that over-expression of cytokines, such as CRP in TB-DM patients were associated with escalating neutrophil
recruitment and infiltration, which led to more inflammation and necrosis, and then potentially resulted in cavity
formation.

Another mechanism contributing to the severe inflammation is adaptive immune dysfunction. Impaired T helper 1 cell
lowers production of IFNy, which weaken the killing activity of macrophages and leads to failing control of mycobac-
terium growth.® High bacterial load and over inflammation in turn gives rise to development of more extensive lung
lesions, cavitation and infiltration extending to more lobes.'® Of note, our findings also indicated that decreased serum
lymphocyte was linked to severe radiographic presentation of pulmonary TB, which also suggested that compromised
adaptive immune might play an important role in the onset of active TB in patients with diabetes.?’

In addition, we noted from the findings that the level of HGB and ALB were lower in patients with multi-fragment
infiltration. Individuals with malnutrition have been reported to be associated with severe pulmonary manifestation.?' We
believed that lower HGB and ALB in serum are indicative biomarkers of malnutrition and severe disease. It is also
noteworthy that PCT level is seen to increase slightly in patients with more lung infiltration. PCT used to be taken as
a robust biomarker for bacterial infection and sepsis.** It has been used to differentiate pulmonary tuberculosis from
other pulmonary infections.”> We thus speculated that bacterial co-infection should be noticed in patients with diffuse
lung infiltration. Previous studies showed that increased mycobacterial loads and higher proportions of smear positivity

in hyperglycemic patients,™***’

our findings were in agreement and demonstrated that positive microbial results were
frequently found in DM patients with pulmonary cavity and severe segment infiltration. The more severe the radiological
manifestations, the heavier the bacterial burden.

There are some limitations in our study. Firstly, causal relationship between diabetes and severe radiological
manifestation could not be set up according to our cross-sectional study design. Secondly, discrepancies driven by
age, from symptom onset to diagnosis, clinical presentation and even other immune compromised factors were not
stratified and further analyzed. Nevertheless, this internal analysis demonstrated an association between glycemic status,

hyper-inflammation and the presentation of pulmonary lesions in TB-DM comorbidities.

Conclusions

In summary, our findings revealed that severe radiological presentation in pulmonary TB patients with diabetes was
associated with both hyperglycemia and a systemic pro-inflammatory state characterized by elevation in the level of
WBC counts, neutrophil and serum CRP, whereas lymphocyte levels were decreased, suggesting immune disorder. Strict
glycemic control and inflammation alleviation are crucial in lung protection.
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Abbreviations

DM, diabetes mellitus; TB, tuberculosis; CT, computed tomographic; WBC, white blood cell; GRA, neutrophilic
granulocyte; LYN, lymphocyte; CRP, C-reactive protein; PCT, procalcitonin; HGB, hemoglobulin; MONO, monocyte;
ALB, albumin; FBG, free blood glucose; HbcAl, hemoglobin A1C; IQR, interquartile range; ELISPOT.TB, enzyme-
linked immune-spot tuberculosis; HBV, hepatitis B virus.
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