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Purpose: This study was to explore the predictive value of monocyte to high-density lipoprotein cholesterol ratio (MHR), neutrophils
to high-density lipoprotein cholesterol ratio (NHR), C-reactive protein-to-lymphocyte ratio (CLR), and C-reactive protein-to-albumin
ratio (CAR) for type 2 diabetes mellitus (T2DM) in patients with active pulmonary tuberculosis (APTB).

Patients and Methods: A total of 991 active pulmonary tuberculosis (APTB) patients (201 with T2DM) were hospitalized in the
Department of Tuberculosis, Wuhan Jinyintan Hospital, Tongji Medical College, Huazhong University of Science and Technology
were included. The routine blood examination indicators and biochemical parameters were collected to calculate MHR, NHR, CLR,
and CAR. The Pearson correlation analysis, Univariate Logistic regression analysis, and receiver operating characteristic (ROC) curve
analysis were performed to assess the predictive value of MHR, NHR, CLR, and CAR for APTB-T2DM patients.

Results: The levels of MHR, NHR, CLR, and CAR in the APTB-T2DM patients were significantly higher than in the APTB-no
T2DM patients (P < 0.05). Additionally, the MHR, NHR, CLR, and CAR have a positive correlation with fasting blood glucose in the
whole study population. However, in the APTB-T2DM patients, MHR, NHR, and CAR were not correlated with fasting blood
glucose, and only CLR was positively correlated with fasting blood glucose. The area under curve (AUC) predicting APTB-T2DM
patients of the MHR, NHR, CLR, and CAR was 0.632, 0.72, 0.715, and 0.713, respectively. Further, univariate logistic regression
analyses showed that the higher MHR, NHR, CLR, and CAR were independent risk factors for APTB-T2DM (P < 0.01). The MHR,
NHR, CLR, and CAR quartiles were used to divide the APTB patients into four groups for further analysis. The prevalence of T2DM
was significantly higher in APTB individuals as MHR, NHR, CLR, and CAR values increased (P < 0.05).

Conclusion: MHR, NHR, CLR, and CAR are simple and practicable inflammatory parameters that could be used for assessing T2DM
in APTB. APTB patients have a greater possibility to be diagnosed with T2DM with the higher MHR, NHR CLR, and CAR values.
Therefore, more attention should be given to the indicator in the examination of APTB.

Keywords: active pulmonary tuberculosis, type 2 diabetes mellitus, MHR, NHR, CLR, CAR

Introduction

Both tuberculosis (TB) and type 2 diabetes mellitus were high diseases burden for Chinese people. In 2020, there were nearly
5.8 million new cases of TB and 1.3 million fatalities from TB globally,' and more than 80% of these were pulmonary TB
(PTB).? In addition, currently, owing to the rapidly growing incidence of obesity and unhealthy diet patterns, the prevalence of
type 2 diabetes mellitus (T2DM) has significantly increased, especially in developing countries,** which imposes a serious
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economic burden on the patients and societies. There are also data suggesting that stopping the rise of diabetes mellitus (DM)
would prevent TB deaths in countries with a high TB burden. Meanwhile, TB patients with DM (TB-DM) have a greater
possibility to present with pulmonary TB, cavitary TB, and drug-resistant TB compared to TB patients without DM (TB-no
DM), and it takes longer anti-TB treatment time for sputum smear-positive TB-DM patients to achieve sputum smear
negative.*’

Although the pathogenesis of TB and T2DM has not been fully clarified, the role of inflammation in the pathophysiol-
ogy of T2DM and TB has received increasing attention.®® Previous studies suggested that the levels of hormones with pro-
inflammatory properties, such as leptin, in T2DM or TB patients were significantly higher than in healthy controls, and
hormones with anti-inflammatory properties are reduced such as cortisol. Similarly, inflammatory cytokines such as CRP,
IL-6, and IL-1P also showed the same alterations in TB and DM patients. Interestingly, Pavan Kumar et al found that
comorbid T2DM resulted in the pro-inflammatory adipokine leptin levels increased, while anti-inflammatory adiponectin
levels decreased compared to those of TB patients without T2DM.” Importantly, these change to be independent of BMI.**'
These data suggested that both of them may share common pathophysiological mechanisms, especially in inflammation."!

Leukocyte subtypes such as monocyte, neutrophil, and lymphocyte produce an important effect on immune and chronic
inflammation.'>'* Meanwhile, inflammatory cytokines could regulate the function of monocyte, neutrophil, and
lymphocyte.'*'>'® The previous study showed that the monocyte count is a prognostic biomarker in idiopathic pulmonary

17" neutrophil count is an independent predictor of the radiologic severity of PTB at treatment end,'® and

fibrosis,
Lymphocytopenia represented critical inflammatory states.'® The study also demonstrated increased monocyte,” increased
neutrophil,?! and decreased lymphocyte*® in T2DM patients. In addition, CRP is one of the most commonly used markers
reflecting the systemic inflammatory response. A previous study showed that the levels of CRP could predict the development
of T2DM? and the trends in CRP may evaluate early response to treatment among individuals with HIV/multidrug-resistant
tuberculosis co-infection.”* On the contrary, HDL'*'® and serum ALB* have anti-inflammatory and antioxidant effects.
Additionally, HDL molecules also have inhibitory effects on the control of activation of monocyte and neutrophil, and the
proliferation of monocytes'? and neutrophils.?**” Therefore, monocytes, neutrophils, and CRP play a pro-inflammatory role,
while lymphocytes, HDL, and ALB act as a reversal factor. Higher monocyte counts, higher neutrophil counts, higher CRP,
lower HDL, lower lymphocyte, and lower ALB levels serve as indirect indicators of inflammation and development of T2DM.
The relationship among monocyte counts, neutrophil counts, lymphocyte counts, CRP, albumin and HDL-c provides a better
understanding of inflammation in APTB-T2DM patients.

Recently, monocyte to high-density lipoprotein cholesterol ratio (MHR), neutrophils to high-density lipoprotein cholesterol
ratio (NHR), C-reactive protein-to-lymphocyte ratio (CLR), and C-reactive protein-to-albumin ratio (CAR) have attracted
extensive attention. Elevated MHR,'%?%% NHR,**>? CLR,>** and CAR**>® have been proved to be related to numerous
disorders. However, to date, there is no literature on an association between MHR, NHR, CLR and CAR, and APTB-T2DM
patients. This study sought to assess the association between the novel inflammatory biomarkers and APTB-T2DM patients.

Materials and Methods

Patients and Study Design

A total of 991 APTB patients were recruited at Wuhan Jinyintan Hospital, Tongji Medical College, Huazhong University of
Science and Technology (Infectious disease hospital). According to the criteria of type 2 diabetes mellitus international
criteria (WHO/ADA),* the APTB patients were divided into two groups, namely, the APTB-no T2DM group and the
APTB-T2DM group. The inclusion criteria were as follows: (1) APTB patients: microbiological examination (including
smear microscopy, M. tuberculosis cultures, and nucleic acid amplification (NAA) assays (such as PCR and Xpert MTB/
RIF)) is positive; (2) T2DM patients: Conforming to the criteria of diabetes international criteria (WHO/ADA). The
exclusion criteria were as follows: (Dage <17 years old; @ type I diabetes mellitus or diabetic complications such as a
diabetic foot or diabetic nephropathy; @no information available; @HIV infection, known primary immunodeficiency or
taking immunosuppressive medication; (5) malignant tumors, familial hereditary disease, or other inflammatory infectious
disease; (®)extrapulmonary TB.
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Data Collection

Demographic variables (age and sex), and the results from laboratory examinations, such as blood cell count, high-
density lipoprotein (HDL), albumin (ALB), and C-reactive protein (CRP), were all obtained from the electronic medical
record (EMR) system. The calculation formula of each indicator was as follows: MHR = monocyte (*10"9/L)/high-
density lipoprotein cholesterol (mmol/L), neutrophils (*1079/L)/high-density lipoprotein cholesterol (mmol/L),
C-reactive protein (mg/L)/lymphocyte (¥*1079/L), and C-reactive protein (mg/L)/Albumin (g/L).

Statistical Analyses

The SPSS (Version 20.0; Chicago, IL, USA) software was used to perform the statistical analysis of the data. Continuous
data were analyzed by Student’s #-test and presented as mean + standard error (SE). Chi-Square test was used to compare
categorical variables expressed as the number of patients and percentage. The Pearson or Spearman correlation analysis
was performed to explore the association between the novel inflammatory biomarkers and fasting blood glucose in the
Whole Study Population and APTB-T2DM patients. The univariate logistic regression was used to investigate the risk
factors affecting T2DM in APTB patients. Receiver operating characteristic (ROC) curve was used to evaluate MHR,
NHR, CLR and CAR values and to predict T2DM in APTB patients. According to the MHR, NHR, CLR, and CAR
quartiles, the APTB patients were divided into different four groups, respectively. The Chi-Square test was used to
compare the incidence rate of T2DM in APTB patients in MHR, NHR, CLR, and CAR subgroups. A two-sided P-value
was always computed, and the statistical significance was taken at p < 0.05.

Results

Patient Characteristics

In total, 991 APTB individuals, including 790 APTB patients without T2DM (APTB-no T2DM) and 201 APTB patients
with T2DM (APTB-T2DM) were recruited. In APTB-no T2DM group, 504 were male and 286 were female, and the
average age is 44.05 + 0.74 years. In APTB-T2DM group, 103 males and 48 females were included, and the average age
is 53.62 + 1.04 years. Additionally, the levels of MHR, NHR, CLR, and CAR in APTB-T2DM group were significantly
higher than those in APTB-no T2DM group (P < 0.001, P < 0.001, P < 0.001, P <0.001, respectively). The clinical and
demographic characteristics are shown in Table 1.

Table 1 Demographic and Clinical Characteristics of Study Participants

Variables APTB-no T2DM Group | APTB-T2DM Group P value
(n =790) (n =201)
Gender
Male (%) 504 (63.8) 103 (51.2) <0.001
Age (meanzSE) 44.05 + 0.74 53.62 = 1.04 <0.001
Fasting blood sugar 4.89 £ 0.02 831 £0.23 <0.001
Laboratory parameters (mean * SE)
Neutrophil (*1019/L) 4.01 £ 0.07 5.37 £ 0.20 <0.001
Lymphocyte (*¥1079/L) 1.55 + 0.02 1.38 + 0.05 0.001
Monocyte (*1079/L) 0.44 + 0.01 0.48 + 0.02 0.014
Albumin (g/L) 38.92 + 0.20 36.52 + 0.44 <0.001
HDL (mmol/L) 1.29 £+ 0.02 1.10 = 0.04 <0.001
CRP (mg/L) 23.54 £ 1.52 42.19 £ 3.67 <0.001
Inflammatory parameters (mean * SE)
MHR 0.43 £ 0.0l 0.54 + 0.03 <0.001
NHR 385+0.10 5.75 £ 0.30 <0.001
CAR 0.71 £ 0.05 1.32 £ 0.13 <0.001
CLR 2343 £2.02 56.21 +7.40 <0.001

Abbreviations: HDL, high-density lipoprotein; CRP, C-reactive protein; MHR, monocyte to high-density lipoprotein ratio; NHR,
neutrophil to high-density lipoprotein ratio; CAR, C-reactive protein to albumin ratio; CLR, C-reactive protein to lymphocyte ratio.
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Correlation of Inflammatory Parameters with Fasting Blood Sugar in the Whole Study

Population and APTB-T2DM Patients

To further explore the predictive values of MHR, NHR, CLR, and CAR for APTB-T2DM patients, the Pearson or
Spearman correlation analysis showed that MHR, NHR, CLR and CAR have positive correlation with fasting blood
glucose (r = 0.096, P =0.003; r =0.200, P < 0.001; r = 0.181, P < 0.001; r = 0.143, P < 0.001; respectively) in the whole
study population (Figure 1). However, there was no correlation between MHR (Figure 2A), NHR (Figure 2B) and CAR
(Figure 2D), and fasting blood glucose (r =0.019, P = 0.791; r = 0.078, P = 0.270; r = 0.116, P = 0.102; respectively) in
the APTB-T2DM patients, and only CLR has positive correlation with fasting blood glucose (r = 0.169, P = 0.016)
(Figure 2C).

A B
25- r=0.096, P=0.003 25- r=0.200, P<0.001
T 20- . T 20- .
(@] . ()] .
S e o . = oo @
[77] oo ® o N : oo .
RS MO 8157 -2, v
Q .0““. - g .§O e®e - .
0 oo 9 0 o ® °® ®ecq o
10_0 - .0 () 10_ o. .‘ o
8 ﬂ.: ’0 . L% . -, g .'.;.. 0.’.: . ® ° -
0 . . : . 04— . . .
0 1 2 3 4 0 10 20 30
MHR NHR
C D
25 r=0.181, P<0.001 25 r=0.143, P<0.001
® ®
(@)} (@)}
> >
[72) w
o °
o o
L) L)
o] o]
(@)} (@)}
£ =
® ®
£ 3
0+ T T T T 1 1
0 200 400 600 800 1000 15
CLR CAR

Figure | Correlation analysis between the inflammatory parameters and fasting blood sugar in the whole population (n =991).

Notes: (A) The correlation analysis between MHR and fasting blood sugar in the whole population. (B) The correlation analysis between NHR and fasting blood sugar in the
whole population. (C) The correlation analysis between CLR and fasting blood sugar in the whole population. (D) The correlation analysis between CAR and fasting blood
sugar in the whole population.

Abbreviations: MHR, monocyte to high-density lipoprotein ratio; NHR, neutrophil to high-density lipoprotein ratio; CAR, C-reactive protein-to-albumin ratio; CLR,
C-reactive protein-to-lymphocyte ratio.
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Figure 2 Correlation analysis between the inflammatory parameters and fasting blood sugar in the APTB-T2DM patients (n =991).

Notes: (A) The correlation analysis between MHR and fasting blood sugar in the APTB-T2DM patients. (B) The correlation analysis between NHR and fasting blood sugar
in the APTB-T2DM patients. (C) The correlation analysis between CLR and fasting blood sugar in the APTB-T2DM patients. (D) The correlation analysis between CAR and
fasting blood sugar in the APTB-T2DM patients.

Abbreviations: MHR, monocyte to high-density lipoprotein ratio; NHR, neutrophil to high-density lipoprotein ratio; CAR, C-reactive protein-to-albumin ratio; CLR,
C-reactive protein-to-lymphocyte ratio.

Evaluation of the Impact of Inflammatory Parameters on T2DM with APTB

A ROC analysis to determine whether MHR, NHR, CLR and LAR can be a diagnostic and prognostic marker in APTB-
T2DM patients revealed MHR (AUC: 0.637, P < 0.001), NHR (AUC: 0.694, P < 0.001), CLR (AUC: 0.621, P <0.001),
CAR (AUC: 0.633, P < 0.001) and LAR (AUC: 0.627, P < 0.001) in comparison between APTB patients and APTB-
T2DM patients (Figure 3). Odds ratios generated by applying univariate logistic regression analysis are shown in
Figure 4. Higher MHR, NHR, CLR, CAR values were all significant in predicting T2DM in APTB patients. The
univariate logistic regression analysis showed that MHR, NHR, CLR, CAR, Gender and age were independently
associated with an increased T2DM risk (Figure 4).

The Prevalence of T2DM Among Different Quartiles of MHR, NHR, CLR, and CAR
To further explore the role of MHR, NHR, CLR, and CAR in APTB-T2DM, the APTB patients were divided into four
different groups, respectively, according to the MHR, NHR, CLR, and CAR quartiles. Figure 5 shows that the prevalence
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Figure 3 Receiver operating characteristic (ROC) curve analysis of the inflammatory parameters. The area under the ROC curve (AUC) values in the MHR, NHR, CLR, and
CAR were 0.632(95%confidence interval: 0.542-0.632), 0.72(95% confidence interval: 0.639-0.720), 0.7 15(95%confidence interval: 0.637-0.715), and 0.713 (95%confidence
interval: 0.636-0.713), respectively.

Abbreviations: MHR, monocyte to high-density lipoprotein ratio; NHR, neutrophil to high-density lipoprotein ratio; CAR, C-reactive protein-to-albumin ratio; CLR,
C-reactive protein-to-lymphocyte ratio.

of T2DM in APTB patients would increase with the MHR, NHR, CLR, and CAR values increasing, which suggested that
APTB patients with higher MHR, NHR, CLR, and CAR values had a significantly higher prevalence of T2DM.

Discussion

In recent years, MHR, NHR, CLR, and CAR were proven to be novel inflammatory biomarker indices. Because of
convenient obtaining, they possess relatively higher clinical values. Nonetheless, it is worth noting that there is currently
no literature on the relationship between the novel inflammatory parameters and APTB-T2DM. Previous research has
reported that the prevalence of T2DM in the TB population reached approximately 33.3%.*° Our study showed the
prevalence of T2MD is reaching 20.28% in PTB patients, which is lower than the previous report. The possible reason
for the results is that the subjects in this study are PTB patients rather than TB patients. Moreover, the previous study
population is small, with only more than 100 cases. Although the pathogenesis of the T2DM and TB comorbid disorders
has been extensively studied, the exact molecular mechanisms are still unclear. Interestingly, the effects of inflammation
in the pathogenesis of T2DM and TB have attracted more and more attention.” The previous various studies had reported
that the levels of pro-inflammatory cytokines in TB-DM patients are significantly higher than those in TB patients
alone.*"** Similarly, our results showed that the APTB-T2DM group has higher levels of MHR, NHR, CLR, and CAR
than the APTB-no T2DM group, suggesting that APTB-T2DM patients have a higher level of inflammation.
Furthermore, when the study population was divided by MHR, NHR, CLR, and CAR quartiles, the prevalence of
T2DM increased as the MHR value, NHR value, CLR value, and CAR value increased, suggesting that APTB patients
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Figure 4 The univariate logistic regression analyses for APTB-T2DM patients.
Abbreviations: MHR, monocyte to high density-lipoprotein ratio; NHR, neutrophil to high-density lipoprotein ratio; CAR, C-reactive protein-to-albumin ratio; CLR,
C-reactive protein-to-lymphocyte ratio.

with higher values of MHR, NHR, CLR, and CAR are more likely to be combined with T2DM. The results of CAR in
our study were similar to the previous report that the CAR is a predictor of diabetes and positively correlated with the
incidence of T2DM.? In addition, the previous report clarified that MHR and NHR are associated with diabetes mellitus.
MHR and NHR represented the prognosis of diabetic nephropathy patients’® and COVID-19 with DM patients,*
respectively. Moreover, MHR was also considered a marker in diabetic nephropathy patients** and diabetes patients
with polyneuropathy.** Additionally, CLR proved relevant to a variety of cancers. Hwang et al recently demonstrated that
the CLR was a determinant biomarker in overall survival and disease-specific survival in gastric carcinoma patients.*
The higher CLR maybe represent a poor long-term outcome in colorectal liver metastases patients after hepatic
resection.” Interestingly, there is no report to research the relationship between CLR and diabetes at present; the present
study is the first report.

Further, in this study, elevated MHR, NHR, CLR, and CAR in T2DM patients with APTB were confirmed. In the
whole population, Pearson correlation analysis demonstrated that the MHR, NHR, CLR, and CAR are positively related
to fasting blood glucose. This is roughly consistent with a previous study that hyperglycemia enhances the inflammatory
state and releases more neutrophils and monocytes from the bone marrow.*® Similarly, CLR is positively related to the
fasting blood glucose in APTB-T2DM patients. Unfortunately, there is no correlation between MHR, NHR, and CAR,
and the fasting blood glucose in APTB patients with T2DM. The possible reason is that a part of APTB-T2DM patients
has been treated with hypoglycemic drugs or insulin. Therefore, further research is needed to find whether the levels of
MHR, NHR, and CAR are associated with the fasting blood glucose in APTB-T2DM. Additionally, the ROC curve
showed that the AUC value of MHR, NHR, CLR, and CAR for APTB-T2DM was 0.632, 0.72, 0.715, and 0.713,
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Figure 5 The prevalence of APTB-T2DM patients among different quartiles of monocyte to MHR, NHR, CLR, and CAR.
Abbreviations: MHR, monocyte to high-density lipoprotein ratio; NHR, neutrophil to high-density lipoprotein ratio; CAR, C-reactive protein-to-albumin ratio; CLR,
C-reactive protein-to-lymphocyte ratio.

respectively. These results suggested that MHR, NHR, CLR, and CAR had high diagnostic values in APTB-T2DM. For
further study, the univariate logistic regression analysis shows that MHR, NHR, CLR, and CAR levels were significantly
higher in the group with T2DM compared with the group without T2DM, and the odds ratios suggested that MHR, NHR,
CLR, and CAR were considered as risk factors for the occurrence of T2DM in APTB patients. Previous studies have
shown that numerous diseases are associated with these inflammatory parameters. The acute intracerebral hemorrhage
patients with higher MHR values were associated with an increased risk of disability or death according to research by
Usta et al.'> Wang®? and Tonduangu®* also proved that NHR and CLR could predict the severity and mortality associated
with SARS-CoV-2 infection. And CAR is an easily available and independent prognostic marker in locally advanced
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Non-Small Cell Lung Cancer after CRT.>® It is worth noting that these parameters are being reported for the first time on
T2DM in patients with APTB.

We also found that “higher age” and “male” were independent risk factors for APTB-T2DM patients. These results
are roughly similar to the previous literature. Kautzky-Willer et al demonstrated that males have 14 million times more
diabetes than females and the incidence rate of diabetes increases with age.*” A previous study also showed that the
prevalence of diabetes, especially type 2 diabetes, increases with age*® due to fat distribution changes.*’

Conclusion

In conclusion, MHR, NHR, CLR, and CAR are simple and useful inflammatory parameters for assessing APTB-T2DM.
Additionally, APTB patients have a greater possibility to be diagnosed with T2DM with the higher MHR, NHR CLR,
and CAR values. Therefore, much more attention should be paid to the indicators in the examination of APTB.
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