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Purpose: This study aimed to investigate the association between CD38" cells and the risk of pulmonary tuberculosis (PTB)
complicated with diabetes mellitus (DM), providing insights into the immune mechanisms underlying PTB-DM.

Patients and Methods: Clinical data and lymphocyte subset profiles of 596 TB patients admitted to Affiliated Hospital of Shaoxing
University from November 2022 to November 2024 were analyzed, including 115 DM-complicated and 481 non-DM cases. Logistic
regression was used to evaluate the correlations between clinical indicators, lymphocyte subsets and PTB-DM. Generalized linear
models were employed to assess the association of CD38" cells with PTB-DM risk, while restricted cubic spline curves were used to
explore potential linear relationships.

Results: The PTB-DM group exhibited a significantly higher prevalence of advanced age, male gender, and hypertension compared to
the non-DM group (p < 0.05). Lymphocyte subset analysis revealed marginally elevated NKT cells but reduced B lymphocytes, B1
cells, and CD38" cells in the DM group, with the most pronounced difference in CD38" cells (p < 0.001). Multivariate logistic
regression identified multidrug-resistant TB and hypertension as independent risk factors, whereas higher CD38" cell counts served as
an independent protective factor for TB-DM comorbidity (OR 0.50, 95% CI 0.32-0.77). Generalized linear models demonstrated
a persistent negative correlation between CD38" cell levels (analyzed as continuous or quartile-categorized variables) and PTB-DM
risk after adjusting for confounders. Restricted cubic spline analysis confirmed a significant linear inverse association (p = 0.003)
without evidence of nonlinearity (p = 0.450).

Conclusion: CD38" cells play a critical role in the immune regulation of PTB patients, with elevated expression conferring protective
effects against PTB-DM comorbidity.
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Introduction
Tuberculosis (TB) remains a significant global health emergency, with the World Health Organization (WHO) classifying
it returns to top global cause of death from a single infectious disease.! Pulmonary tuberculosis (PTB) is the most
predominant form of TB infection, accounting for 85%.%> The pathogenesis of tuberculosis is closely related to the
immune status of the host.> Meanwhile, diabetes mellitus (DM) has seen a dramatic increase in prevalence globally,
contributing to high morbidity and mortality rates.* The bidirectional relationship between TB and DM is well-
established: DM increases the risk of TB infection, while TB infection exacerbates abnormal blood glucose levels,
creating a vicious cycle that complicates patient management and outcomes.™° The interplay between the two diseases
underscores the necessity of elucidating their combined impact on immune status and disease progression.

Immune dysfunction is a central mechanism in the pathogenesis of PTB and DM, and lymphocyte subset analysis
provides a practical tool for monitoring immune status.”® CD38, a transmembrane glycoprotein, is expressed on various
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immune cells, including lymphocytes, and is involved in immune activation, cell signaling, and inflammation.” Studies
have shown that CD38" cells are involved in immune responses and the regulation of inflammatory processes.'® In the
studies of TB, CD38" macrophages were shown to be a key subpopulation controlling Mycobacterium tuberculosis (Mtb)
proliferation and its expression on Mtb - specific T cells has diagnostic value.'"'? In type 2 diabetes mellitus (T2DM), the
frequency of CD19"CD24"CD38" regulatory B cells is increased and correlates with impaired B-cell function, insulin
resistance and adverse lipid profiles, indicating that elevated CD38 expression reflects metabolic dysregulation.'
However, existing studies have primarily focused on the individual impacts of TB or DM on CD38" cell levels. How
CD38" cell levels are altered when PTB and DM coexist remains unknown. Crucially, clarifying this gap is essential for
developing targeted therapies and improving outcomes in PTB-DM patients.

Given the bidirectional relationship between TB and DM, Our study retrospectively analyzed the clinical features and
lymphocyte subsets in patients with TB and DM compared to those with TB alone. According to the statistics result, we
focus on the correlation between CD38" cell levels and disease risk. Identifying CD38" cell levels as a potential
biomarker for TB in patients with DM holds significant clinical importance. In summary, monitoring the immune status
of TB and DM can help in timely intervention, improve treatment strategies and enhance patient prognosis. This study
aims to inform the development of targeted therapies that modulate the immune response to mitigate the progression of
tuberculosis-combined diabetes.

Materials and Methods
Study Population

We conducted a single-center, retrospective study at Affiliated Hospital of Shaoxing University. Between
November 2022 and November 2024, 1127 patients admitted to the department of tuberculosis were analyzed for
peripheral blood lymphocyte subsets. After applying the exclusion criteria detailed below, 596 patients with
a definitive diagnosis of PTB were enrolled. According to the discharge diagnosis, they were divided into: PTB group
(n = 481), and PTB-DM group (n = 115).

PTB was diagnosed in accordance with the “Technical guidelines for tuberculosis prevention and control in China”.'*
DM was ascertained by documented fasting plasma glucose > 7.0mmol/L, random plasma glucose > 11.1mmol/L, or
HbAlc > 6.5%, supported by clinical records of antidiabetic therapy. Patients with any of the following were excluded:
(1) primary PTB or extra-pulmonary TB, (2) active systemic autoimmune disease, (3) HIV infection, (4) receipt of
immunosuppressive or glucocorticoid therapy within 3 months, (5) lymphocytic leukaemia or (6) incomplete lympho-
cyte-subset data.

Data Collection

Electronic medical records were reviewed to obtain demographic and clinical variables recorded. Clinical variables
collected included age, gender, sputum smear for Mtb, Multidrug-Resistant Tuberculosis (MDR-TB) or not, primary
treatment or not and comorbidities (hypertension, malignancy and anaemia). Within 24 h of admission, peripheral blood
was collected in EDTA tubes and analyzed by flow cytometry (Beckman Coulter, USA). We quantified 16 parameters:
percentage values for CD3" (total T lymphocyte), CD3"CD4" (Th/Ti lymphocyte), CD3"'CD8" (Ts/Tc lymphocyte),
CD3'CD4 CDS8™ (double-negative T lymphocyte), CD4"/CDS8" ratio, CD3 CD16 'CD56" (NK cell), CD3'CD16'CD56"
(NKT cells), CD3 CD19" (total B lymphocyte), CD3"CD19"CD5" (B1 lymphocyte), CD3 CD19"CD5 ™ (B2 lymphocyte),
and CD38" cells; and absolute counts of total T lymphocytes, Th/Ti lymphocytes, Ts/Tc lymphocytes, NK cells, and total
B lymphocytes. The flow cytometry results were also collected and retrieved from electronic medical records.

Statistical Analysis

Baseline characteristics were stratified by the presence or absence of diabetes. Normally distributed continuous variables are
reported as mean + standard deviation (SD) and were compared between groups using the independent-samples #-test. Non-
normally distributed continuous variables are expressed as median (Q;, Qz) and were compared with the Mann—Whitney
U-test. Categorical variables are presented as n (%) and were analyzed using the y’-test or Fisher’s exact test, as appropriate.
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Logistic regression models were constructed to identify independent determinants of PTB-DM. Variables with p < 0.1 in
univariable analyses were entered into multivariable analysis, which was performed using bidirectional stepwise selection.

Multivariable generalized linear models (GLMs) with a quasibinomial family and logit link were fitted to estimate odds
ratios (ORs) and 95% confidence intervals (CIs) for the association between CD38" cell expression and diabetes among
patients with pulmonary tuberculosis. To control for confounding, variables that showed statistical significance (p <0.05) in
univariable analyses were included as covariates in the multivariable models, allowing for potential overdispersion. CD38"
cell level was analyzed both as a continuous variable and after categorisation into quartiles (Q;—Q,4). Three models were
specified: Model 1 (unadjusted); Model 2 (adjusted for sex, hypertension, and MDR-TB); Model 3 (adjusted for sex,
hypertension, MDR-TB, NKT cells, B lymphocytes, and B2 lymphocytes). The same modelling strategy was repeated using
CD38+ quartiles, with the lowest quartile (Q;) serving as the reference. A linear trend across quartiles was evaluated by
entering the median value of each quartile as a continuous variable in the regression models. We used restricted cubic
splines (RCS) to model the shape of the association between CD38" cell percentage and diabetes. The number of knots was
set to three, as this configuration yielded the lowest Akaike information criterion (AIC) within a multivariable logistic
model adjusted for sex, hypertension, MDR-TB, NKT, B and B2 cells; deviation from linearity was formally tested. All
analyses were performed in R version 4.3.1; a two-sided p < 0.05 was considered statistically significant.

Results

General Characteristics in PTB Patients with or Without DM
Among 596 enrolled participants, 115 (19.3%) were classified as PTB-DM comorbidity (Table 1). Compared with non-
DM PTB patients, those with DM were more likely to be male (76.52% vs 64.24%; x* = 6.29, p = 0.012) and older
(median 66 vs 64 years; Z = —2.05, p = 0.040), and they exhibited a higher prevalence of hypertension (40.00% vs
27.23%; y* = 7.24, p = 0.007) and MDR-TB (13.91% vs 7.48%; x* = 4.82, p = 0.028). No significant differences were
observed between the two groups in sputum smear positivity, primary treatment history, cancer, or anemia (all p > 0.05).
Regarding lymphocyte subsets, absolute counts did not differ between groups. However, relative percentages
indicated that PTB-DM patients had lower total B lymphocytes (8.65% vs 10.65%; Z = -2.22, p = 0.027), B1 (0.73%
vs 0.91%; Z =-1.99, p = 0.046), and B2 cells (7.81% vs 9.40%; Z =-2.04, p = 0.041), whereas NKT cells were modestly
increased (3.20% vs 2.30%; Z = —2.58, p = 0.010). Notably, CD38" cell percentage was significantly lower in the PTB-
DM group (51.60% =+ 14.16%) than in the non-DM group (57.27% = 12.67%; t = 4.22, p < 0.001).

Table | Baseline Characteristics of PTB Patients with or Without Diabetes Mellitus

Variables Total (n = 596) Non-DM PTB Group PTB-DM Group Statistic | P values
(n = 481) (n=115)
Gender, n (%) x*=6.29 0.012
Female 199 (33.39) 172 (35.76) 27 (23.48)
Male 397 (66.61) 309 (64.24) 88 (76.52)
Age, M (Q), Q3) 64.00 (48.75, 73.00) 64.00 (44.00, 74.00) 66.00 (55.00, 73.00) Z=-2.05 0.040
Sputum smear for Mtb, n (%) ¥*=1.03 0311
Negative 274 (45.97) 226 (46.99) 48 (41.74)
Positive 322 (54.03) 255 (53.01) 67 (58.26)
MDR-TB, n (%) 1*=4.82 0.028
No 544 (91.28) 445 (92.52) 99 (86.09)
Yes 52 (8.72) 36 (7.48) 16 (13.91)
Primary treatment, n (%) x*=3.35 0.067
No 78 (13.09) 57 (11.85) 21 (18.26)
Yes 518 (86.91) 424 (88.15) 94 (81.74)
Hypertensive, n (%) ¥=7.24 0.007
No 419 (70.30) 350 (72.77) 69 (60.00)
Yes 177 (29.70) 131 (27.23) 46 (40.00)
(Continued)
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Table | (Continued).

Variables Total (n = 596) Non-DM PTB Group PTB-DM Group Statistic | P values
(n = 481) (n=115)
Cancer, n (%) x=0.27 0.603
No 553 (92.79) 445 (92.52) 108 (93.91)
Yes 43 (7.21) 36 (7.48) 7 (6.09)
Anemic, n (%) =151 0218
No 559 (93.79) 454 (94.39) 105 (91.30)
Yes 37 (6.21) 27 (5.61) 10 (8.70)
Total T lymphocyte, M (Q;, Q3) 69.20 (61.08, 76.20) 69.20 (60.90, 76.20) 69.00 (62.75, 75.15) Z=-0.10 | 0922
Th/Ti lymphocyte, Mean + SD 40.60 * 9.58 40.44 £ 9.57 41.30 + 9.64 t=—0.87 0.385
Ts/Tc lymphocyte, M (Q), Q3) 22.60 (16.78, 29.20) 22.40 (16.70, 28.90) 23.20 (16.80, 29.90) Z=-0.19 | 0848
Double-negative T lymphocyte, M (Q,, Q3) 4.69 (2.83, 7.43) 4.82 (2.83, 7.80) 3.95 (2.96, 6.34) Z=—147 | 0.142
CD4"/CD8" ratio, M (Q,, Q3) 1.82 (1.28, 2.57) 1.83 (1.29, 2.54) 1.79 (1.27, 2.69) Z=-0.11 0913
NK cell, M (Q,, Q3) 15.00 (10.00, 22.79) 14.81 (9.90, 22.40) 16.15 (10.18, 23.78) Z=-077 | 0443
NKT cells, M (Q,, Qs) 2.42 (0.98, 4.91) 2.30 (0.85, 4.75) 3.20 (1.20, 6.93) Z=-258 | 0010
Total B lymphocyte, M (Q,, Q3) 10.30 (6.65, 14.41) 10.65 (6.80, 14.75) 8.65 (6.04, 13.25) Z=-222 | 0.027
BI lymphocyte, M (Q,, Q3) 0.90 (0.37, 1.55) 0.91 (0.40, 1.63) 0.73 (0.35, 1.33) Z=-199 | 0.046
B2 lymphocyte, M (Q,, Q3) 9.10 (6.07, 12.65) 9.40 (6.15, 12.80) 7.81 (5.50, 11.68) Z=-2.04 | 004
CD38" cells, Mean * SD 56.18 + 13.15 57.27 + 12.67 51.60 + 14.16 t=4.22 <0.00
Total T lymphocytes*, M (Q,, Q3) 851.50 (616.00, 1160.50) | 852.00 (612.00, 1158.00) | 848.00 (632.50, 1206.00) | Z=—-0.64 | 0519
Th/Ti lymphocytes*, M (Q), Qs) 504.00 (358.00, 677.25) | 503.00 (358.00, 667.00) | 505.00 (367.50, 713.50) | Z=-0.79 | 0.429
Ts/Tc lymphocytes®, M (Q,, Qs) 280.00 (181.00, 406.25) | 277.00 (181.00, 402.00) | 290.00 (180.50, 432.00) | Z=—0.68 | 0.499
NK cells, M (Q), Q3) 190.00 (119.00, 288.25) | 188.00 (118.00, 282.00) | 201.00 (125.00, 319.00) | Z=-1.09 | 0.275
Total B lymphocytes*, M (Q,, Qs) 123.00 (71.75, 197.00) 127.00 (74.00, 198.00) 105.00 (67.00, 182.50) | Z=-1.27 | 0.205

Abbreviations: *, absolute counts (|06/L); t, t-test; Z, Mann—Whitney test; xz, Chi-square test; SD, standard deviation; M, Median; Q,, Ist Quartile; Q3, 3st Quartile;
MDR-TB, Multidrug-resistant tuberculosis; Mtb, Mycobacterium tuberculosis.

Logistic Regression Analysis of Factors Associated with DM in PTB

Univariate screening identified male sex (OR = 1.81, 95% CI: 1.13-2.90, p = 0.013), hypertension (OR = 1.78, 95% CI:
1.17-2.72, p=0.008), MDR-TB (OR =2.00, 95% CI: 1.07-3.74, p=0.031), NKT cells (OR =1.51, 95% CI: 1.01-2.28, p =
0.049), total B lymphocytes (OR = 0.60, 95% CI: 0.40-0.91, p = 0.016), B2 lymphocytes (OR = 0.63, 95% CI: 0.42-0.95,
p=0.027) and CD38" cells (OR = 0.48, 95% CI: 0.32-0.74, p < 0.001) as potential determinants (Table 2). These variables,
together with Total B lymphocytes absolute counts and primary treatment status (P < 0.10), were consequently entered into
a multivariable model constructed by bidirectional stepwise selection. After full adjustment, MDR-TB (OR =2.03, 95% CI:
1.06-3.88, p = 0.033) and hypertension (OR = 1.56, 95% CI: 1.01-2.41, p = 0.048) emerged as independent risk factors,
whereas CD38" cells retained a strong inverse association (OR = 0.50, 95% CI: 0.32-0.77, p = 0.002).

CD38" Cell Level is Inversely Associated with Diabetes Risk in PTB

CD38" cell percentage was inversely associated with diabetes in PTB. As showing in Table 3, when CD38" cells were
treated as a continuous variable, each 1-percentage-point increase corresponded to a 3% reduction in the odds of diabetes

Table 2 Logistic Regression Analysis of Clinical Characteristics and Lymphocyte Subsets Associated with DM in PTB Patients

Variables Univariate Multivariate

B S.E z P OR (95% CI) B S.E z P OR (95% CI)
Gender (female/male) 0.60 0.24 2.49 0.013 1.81 (1.13-2.90) 0.44 0.25 1.76 0.079 | 1.56 (0.95-2.55)
Age (years old) 0.25 0.21 1.20 0.232 1.28 (0.85-1.93)
Sputum smear for Mtb (negative/positive) 0.27 0.21 1.25 0212 1.31 (0.86-1.99)
MD-RTB (nolyes) 0.69 0.32 2.16 0.031 2.00 (1.07-3.74) 0.71 0.33 2.13 0.033 | 2.03 (1.06-3.88)
Primary treatment (nol/yes) -0.51 | 028 | —1.84 0.066 0.60 (0.35-1.04)

(Continued)
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Table 2 (Continued).

Variables Univariate Multivariate
B S.E z P OR (95% CI) B S.E z P OR (95% CI)
Hypertensive (no/yes) 0.58 0.22 2.67 0.008 1.78 (1.17-2.72) 0.44 0.22 1.97 0.048 | 1.56 (1.01-2.41)
Cancer (nofyes) —0.22 | 043 | —0.52 0.603 0.80 (0.35-1.85)
Anemic (nolyes) 0.47 0.39 1.22 0.222 1.60 (0.75-3.41)
Total T lymphocyte (%) —0.03 | 021 | —0.14 0.886 0.97 (0.65-1.46)
Th/Ti lymphocyte (%) 0.18 0.21 0.85 0.393 1.19 (0.79-1.80)
Ts/Tc lymphocyte (%) 0.13 0.21 0.65 0.518 1.14 (0.76-1.72)
Double-negative T lymphocyte (%) —0.32 | 021 | —I.55 0.120 0.72 (0.48-1.09)
CD4*/CD8" ratio (%) —0.07 | 021 | —0.35 0.725 0.93 (0.62—1.40)
NK cell (%) 0.27 0.21 1.31 0.191 1.31 (0.87-1.98)
NKT cells (%) 0.41 0.21 1.96 0.049 1.51 (1.01-2.28)
Total B lymphocyte (%) —0.51 | 021 | —2.41 0.016 0.60 (0.40-0.91) | —042 | 0.22 | —1.88 | 0.060 | 0.66 (0.43-1.02)
BI lymphocyte (%) -0.34 | 021 | —1.63 0.102 0.71 (0.47-1.07)
B2 lymphocyte (%) —047 | 021 | —2.21 0.027 | 0.63 (0.42-0.95)
CD38" cells (%) -0.73 | 0.22 | —3.38 | <0.001 | 0.48 (0.32-0.74) | —0.70 | 0.22 | —3.10 | 0.002 | 0.50 (0.32-0.77)
Total T lymphocytes* (10°/L) -0.06 | 0.21 | —0.3I 0.756 0.94 (0.62—1.41)
Th/Ti lymphocytes* (10%/L) 0.02 0.21 0.10 0917 1.02 (0.68-1.53)
Ts/Tc lymphocytes* (10°/L) 0.19 0.21 0.89 0.372 1.20 (0.80-1.81)
NK cells* (10°/L) 0.18 0.21 0.85 0.393 1.19 (0.79-1.80)
Total B lymphocytes* (10°/L) -0.38 | 0.21 | —1.80 0.072 0.69 (0.45-1.03)

Abbreviations: *, absolute counts; PTB, pulmonary tuberculosis; DM, diabetes mellitus; MDR-TB, Multidrug-resistant tuberculosis; Mtb, Mycobacterium tuberculosis; OR,
Odds Ratio, Cl, Confidence Interval; B, regression coefficient; S.E., standard error; Z, Wald Z-statistic; P, P-value.

Table 3 Association Between CD38" Cell Level and Diabetes in Patients with Pulmonary Tuberculosis

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

Continuous 0.97 | 0.95,0.98 | <0.00l 0.97 | 0.96,099 | <0.00l 0.97 | 0.95,0.99 | <0.00l
CD38" cells

Ql

Q2 0.52 | 0.30,0.89 | 0.017 0.58 | 0.34,1.03 | 0.066 0.6l 0.35,1.07 | 0.09

Q3 0.37 | 0.21,0.66 | 0.001 043 | 0.23,0.76 | 0.004 042 | 0.23,0.77 | 0.005

Q4 0.35 | 0.19,0.62 | <0.001 0.43 | 0.22,0.74 | 0.004 0.39 | 0.21,0.73 | 0.003
P for trend < 0.001 0.001 0.001

Notes: Model |: unadjusted. Model 2: adjusted for sex, hypertension, and MDR-TB. Model 3: adjusted for sex, hypertension, MDR-TB,
NKT cells, B lymphocytes, and B2 lymphocytes.
Abbreviations: OR, odds ratio; Cl, confidence interval.

(OR =0.97, 95% CI: 0.95-0.99, p < 0.001) after full adjustment for sex, hypertension, MDR-TB, NKT cells, B cells and
B2 cells (Model 3). Compared with the lowest quartile (Q1), higher CD38" cell levels showed lower point estimates for
diabetes risk in the fully adjusted model (Model 3): ORs (95% CI) were 0.61 (0.35-1.07) for Q2, 0.42 (0.23-0.77) for
Q3, and 0.39 (0.21-0.73) for Q4, with a significant linear trend across quartiles (p for trend = 0.001). The magnitude and
direction of the associations were broadly consistent across Models 1-3, indicating that the observed inverse relationship
was not materially altered by the additional covariates.

Linear Relationship Between CD38" Cells and Diabetes Risk in PTB

RCS analysis was used to characterize the relationship between CD38" cell percentage and the risk of diabetes among
patients with PTB. After adjustment for sex, hypertension, MDR-TB, NKT cells, total B cells, and B2 cells, the model
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Figure | Restricted cubic spline depicting the relationship between CD38" cell percentage and the risk of diabetes in patients with PTB. The solid blue line represents the adjusted
odds ratio (OR); the shaded area indicates the 95% confidence interval (Cl). The model was adjusted for sex, hypertension, MDR-TB, NKT cells, total B cells, and B2 cells.

with three knots yielded the lowest AIC and was therefore selected. As shown in Figure 1, CD38" cell percentage
exhibited a linear inverse association with diabetes risk (p for overall = 0.001), whereas the test for non-linearity was not
significant (p for non-linear = 0.451). These findings indicate that the risk of diabetes decreases continuously with
increasing CD38" cell levels, without evidence of a threshold or plateau effect.

Discussion

Among 596 PTB patients, 115 (19.3%) had co-existing DM. In terms of clinical characteristics and treatment outcomes,
PTB patients with DM were more often male, older, hypertensive, and had MDR-TB. They also exhibited lower B-cell
subsets and significantly reduced CD38" cells compared to those without DM. Importantly, CD38" cell levels in PTB
patients with DM were strongly inversely associated with diabetes risk (OR = 0.50, 95% CI: 0.32-0.77, p = 0.002). Our
findings suggest that CD38" cells could serve as a potential biomarker for early screening and personalized treatment
strategies for PTB patients with DM, thereby improving their prognosis.

DM increases the risk of tuberculosis disease.'>'° Patients with tuberculosis combined with diabetes are more likely
to have poor treatment outcomes than patients with tuberculosis alone.'” In our study, 19.3% of PTB patients already had
co-existing diabetes. These individuals were predominantly male, older, and showed higher prevalence of hypertension
and MDR-TB, generally consistent with previous reports.'®'® Immune dysfunction is a plausible mechanistic contributor
to the pathogenesis of PTB-DM.'*° Consequently, identifying immune-metabolic predictor for PTB-DM is critical for
TB management and control. Previous studies have focused on the inflammatory biomarkers for active tuberculosis risk
in diabetic patients.”' Lymphocyte-subset dynamics and clinical phenotypes were characterized in elderly PTB-DM
patients. But the detection of lymphocyte types was limited, including only T cells, B cells, and NK cells and their
subsets.® To refine the immunological landscape of PTB-DM, we retrospectively analyzed 16 indicators of lymphocyte
subpopulations and leveraged generalized linear models and restricted cubic splines to adjust for confounders. After
stepwise adjustment, our multivariable model revealed that male, hypertension, and MDR-TB independently associated
with PTB-DM, while CD38" cell levels emerged as a novel, inverse correlate of diabetes risk.

CD38 is a multifunctional cell surface protein involved in nicotinamide adenine dinucleotide (NAD) metabolism,
expressed in a wide range of immune and non-immune cells, and plays an important role in the regulation of immune
responses.”” Clinically, CD38 expression on Mth-specific T cells is markedly higher in active tuberculosis than in
asymptomatic contacts or healthy controls, serving as a T-cell activation marker of immunopathology.”® During standard
anti-TB therapy, the CD27 CD38" fraction within IFN-y"CD4" T cells declines to levels observed in latent infection and
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healthy donors (AUC = 0.779), indicating its value as a treatment-response biomarker.** It’s worth noting that CD38"
macrophages are the primary infected cells during the initial phase of TB infection. Subsequently, CD38" alveolar
macrophages emerge as potent controllers of Mtb proliferation, and BCG vaccination increases CD38" cell numbers
while enhancing their bacteriostatic capacity.'’ Collectively, these findings indicate that elevated CD38" cells in the early
stage of active tuberculosis confer a protective host response against disease progression.

Emerging evidence positions CD38 at the intersection of immunity and metabolism in T2DM. Mendelian-
randomisation analyses reveal that elevated IgD'CD38" B-cell abundance mediates 20.7% of the protective effect
conferred by BDHI1 against T2DM.>> Mechanistically, in hepatocytes, nuclear CD38 (nCD38) drives glucagon-
induced gluconeogenesis by sustaining TRPM2-mediated nuclear Ca®" signaling after NAD" loading through PKC3-
phosphorylated connexin 43, thereby enhancing the transcription of G6Pase and PEPCK1.%° In diabetic kidney disease
(DKD), CD38 exacerbates renal injury by degrading NAD", reducing Sirt3 activity, and increasing mitochondrial
oxidative stress in renal tubular cells, as demonstrated by the protective effects of the CD38 inhibitor apigenin in both
in vivo and in vitro models.?” Similarly, in diabetic cardiomyopathy, CD38 deficiency mitigates cardiac dysfunction and
fibrosis by enhancing NAD/Sirt3/FOX03a signaling, reducing pyroptosis and apoptosis, as shown in CD38 knockout
mice subjected to high-fat diet and streptozotocin.”® Thus, CD38 exerts dual, cell-type- and tissue-specific effects in
T2DM: within B-cell subsets it may confer metabolic protection, whereas in cardiomyocytes and renal tubular cells it
promotes diabetic complications via NAD" metabolic dysregulation. We now demonstrate that systemic CD38" lym-
phocytes are significantly reduced in PTB-DM (51.6% = 14.2%) compared with non-DM PTB (57.3% + 12.7%, t = 4.22,
p < 0.001), suggesting that CD38" cell depletion reflects not only tuberculosis-associated immune exhaustion but also
diabetes-driven immune-metabolic dysregulation.

Previous studies have identified elevated ESR and reduced MLR/PLR as inflammatory hallmarks of PTB-DM.?° The
present study proposes an immune dimension—insufficient activation of CD38" cells. Integrating these inflammatory
indices with lymphocyte function into a multidimensional panel will allow more accurate identification and management
of PTB-DM patients. The CD38" lymphocyte ratio serves as both a point-of-care screening tool for diabetes in patients
with tuberculosis and a dynamic biomarker throughout treatment, with sustained levels below the baseline prompting
early intervention.

Our study benefits from a comprehensive 16-colour flow-cytometry panel and rigorous confounder adjustment via
GLMs and RCS analyses. Nevertheless, the retrospective design, absence of longitudinal follow-up, and lack of
functional assays temper causal inference. Prospective cohorts are now warranted to validate these findings and to
track CD38" cell dynamics across anti-tuberculosis and anti-diabetic treatment trajectories.

Conclusion

In summary, this study compared clinical and lymphocyte-subset profiles between PTB patients with and without
concomitant DM. Among 596 PTB patients, 115 (19.3%) had co-existing DM. They were more often male, older,
hypertensive and MDR-TB, and displayed lower B-cell subsets and significantly reduced CD38" cells compared to those
without DM. After bidirectional stepwise adjustment, gender, MDR-TB and hypertension independently associated with
PTB-DM, while CD38" cells remained strongly and inversely associated with diabetes risk. Notably, CD38" cell
percentage showed a robust, inverse association with PTB-DM and RCS revealed a linear, inverse relationship between
CD38" cell percentage and PTB-DM risk. Circulating CD38" lymphocytes serve as a quantifiable nexus of immune-
metabolic crosstalk in PTB-DM; their depletion not only flags increased diabetes risk but also offers a mechanistic target
for host-directed, immune-metabolic therapy. These findings highlight the potential of CD38" cells as a biomarker and
therapeutic target in the management of PTB-DM comorbidity.
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