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Background

There is a debate regarding the sensitivity of the QuantiFERON-TB Gold In-Tube (QFT) among people with diabetes, and prior studies have shown heterogeneous results. We evaluated whether the QFT TB antigen was modified among persons with differing diabetes status and other related risk factors.



Methods

A cross-sectional study of 5,302 people was conducted to screen latent tuberculosis infection (LTBI) in eastern China. The QFT assay was performed as an indicator of LTBI. Fasting plasma glucose (FPG) was collected from each participant; the definition of diabetes followed the guidelines from the American Diabetes Association. Participants were classified into normoglycemia, prediabetes, undiagnosed diabetes, and previously diagnosed diabetes to evaluate the relationship between the QFT TB antigen and distinct diabetes status.



Results

TB antigen values from the QFT were statistically different among participants with differing diabetes status (P = 0.008). Persons with undiagnosed diabetes had a higher TB antigen value (0.96 ± 0.20) than persons with normoglycemia (0.50 ± 0.02, P < 0.05). However, the TB antigen values demonstrated no significant difference among the four different diabetic groups when stratified by the standard cutoff for the QFT (P = 0.492 for the positive group and P = 0.368 for the negative group). In a linear regression model, we found that FPG, age, and smoking were positively associated with the QFT TB antigen value (P = 0.017, P < 0.001, and P < 0.001).



Conclusions

Diabetes status had little influence on the level of QFT TB antigen response among IGRA-positive persons. However, FPG, old age, and smoking were important risk factors for increasing levels of QFT TB antigen.
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Introduction

It was estimated that one-quarter of the global population was infected by Mycobacterium tuberculosis (Cohen et al., 2019). Currently, the tuberculin skin test (TST) and interferon-gamma release assay (IGRA)-based methods are widely used to detect latent tuberculosis infection (LTBI). However, there are some disadvantages of TST, such as misclassification in settings with high BCG vaccination coverage and failing to differentiate non-tuberculous infection (Farhat et al., 2006). Nevertheless, due to its low cost, the TST is still considered an important alternative for LTBI screening in resource-limited regions. IGRA-based methods have a higher specificity than the TST (Campbell et al., 2015). However, limitations include the potential for indeterminate results and debate over the correct cutoff to indicate positivity. Moreover, IGRA-based methods are not recommended for certain populations, such as patients receiving immunosuppressive treatment (Kobashi et al., 2007).

The diabetes disease burden has dramatically increased globally in recent years. Low- and middle-income countries, which have the largest burden of tuberculosis, have seen the greatest growth in diabetes (Liu et al., 2022). The number of persons with diabetes is estimated to be approximately 100 million in 2025 in China (Zhu et al., 2021). Several studies have suggested that diabetes may increase the risk of latent tuberculosis infection (Lee et al., 2017; Barron et al., 2018). Diabetes may impact an individual’s immunological response. Several studies had debated on whether the sensitivity of the QuantiFERON-TB Gold In-Tube (QFT) was distinct or not among persons with diabetes (Walsh et al., 2011; Choi et al., 2015). We aimed to investigate whether persons with diabetes have distinct responses to the IGRA test in a rural Chinese setting with high rates of BCG vaccination. In our study, we evaluated whether the TB antigen level of the QFT was modified based on fasting plasma glucose (FPG) levels in a general population.



Methods


Study design and population

Between 01/07/2013 and 31/07/2013, a cross-sectional study on LTBI was conducted in two villages of Danyang County, Jiangsu Province. People with a residence time more than 6 months were screened, and the residence population was 7,311. In the household investigation to know people who want to participate in the screening, 1,199 people declined to participate in the study; 110 children aged less than 5 years and 4 pregnant women were excluded. In the second step, questionnaires and health examination were conducted on all eligible participants in the clinics. Several exclusions occurred including 54 persons with clinically suspected pulmonary TB, 45 persons with a history of TB, 16 persons who did not have chest radiography, one person who did not take the IGRA test, and 520 people who did not attend the examination. In addition, 56 persons with an indeterminate IGRA result and three persons without an FPG result were also excluded. In total, 5,302 participants were included (Figure 1). The local CDC registered those new TB cases diagnosed by the local TB hospital from this active screening. The study was approved by the ethics committee of the Institute of Pathogen Biology, Chinese Academy of Medical Sciences, and all participants provided written informed consent before the investigation.




Figure 1 | Flowchart of the inclusion of the study population.





Measures and definitions

Diabetes was defined based on the baseline fasting plasma glucose (FPG) levels according to American Diabetes Association guidelines (American Diabetes, 2020). The study population was classified as normoglycemia (FPG <6.1 mmol/l), prediabetes (pre-DM: FPG from 6.1 to 7.0 mmol/l), undiagnosed diabetes (FPG >7.0 mmol/l and without a previous diagnosis of diabetes), and diagnosed diabetes among persons that had been diagnosed with diabetes previously. LTBI status of participants was determined by the QuantiFERON-TB Gold In-Tube (QFT) test, and procedures for administration of the QFT can be found in prior work on this cohort (Whitworth et al., 2013). 5% of the samples were randomly selected to repeat for consistency, and all results were 100% consistent with the primary results.



Data analysis

We compared between-group demographics using Pearson’s χ2 test or Fisher exact tests for categorical data. Unpaired Student’s t-test was applied between two groups for continuous variables, and one-way ANOVA tests were used to compare continuous variables for more than two groups, whereas Dunnett’s t test was employed to analyze the variance of subgroups compared with the control group where ANOVA showed a significant difference among all subgroups. We conducted a linear regression model to measure the relationship between TB antigen and potential risk factors. P values less than 0.05 were considered statistical significance. All analyses were performed using SAS 9.3 software (SAS Institute, Inc., Cary, NC, USA).




Results

The total population included in this survey was 5,361. Among these participants, 56 QFT results were indeterminate and three participants did not have an FPG result. In total, 5,302 people were included in the final analyses. People with a positive QFT were more likely to be older (57.51 ± 13.10 years versus 48.07 ± 18.02 years, P < 0.001) and had a higher body mass index (BMI: 23.75 ± 3.24 versus 23.23 ± 3.66, P < 0.001). LTBI was also disproportionated among sex, smoking, and drinking status, respectively (P < 0.001, P < 0.001, P < 0.001). Moreover, we found that the proportion of diabetes (both previously diagnosed diabetes and undiagnosed diabetes) in LTBI was higher than in those that were QFT negative (7.5% vs. 5.1%); persons with a positive QFT were also more likely to have a higher FPG than persons testing negative (5.07 ± 1.57 vs. 4.94 ± 1.38 mmol/l, P = 0.007) (Table 1).


Table 1 | Comparison of baseline characteristics between QFT negative and QFT positive populations.



The TB antigen values of the QFT were significantly different among persons with distinct glucose levels (P = 0.008, Table 2). Persons with undiagnosed diabetes had higher TB antigen values (0.96 ± 0.20) compared with persons who had normoglycemia (0.50 ± 0.02, P < 0.05). The level of TB antigen was highest among persons with undiagnosed diabetes. When stratifying by age, sex, smoking, and drinking, compared with the normoglycemia group, we found that the level of TB antigen was significantly higher for undiagnosed diabetes among those aged between 40 and 60 years (1.22 ± 0.29 IU/ml, P < 0.05), those women (0.95 ± 0.32 IU/ml, P < 0.05), non-smokers (0.95 ± 0.25 IU/ml, P < 0.05), and non-drinkers (0.89 ± 0.24 IU/ml, P < 0.05). However, the TB antigen values among the four different diabetic groups demonstrated no significant difference when stratifying by the QFT-positive group (P = 0.492) and QFT-negative group (P = 0.368).


Table 2 | TB antigen values among different diabetic groups.



The linear regression plot for TB antigen values and FPG is shown in Figure S1 (Supplementary), and we further analyzed the QFT TB antigen values in relation to different factors and distinct populations. In the entire study population, increased age and smoking were positively associated with the increased level of QFT TB antigen value (P < 0.001 and P < 0.001) but the FPG was not found in association with QFT antigen value (P = 0.147) (Table 3). Persons with previously diagnosed diabetes persons might have been given interventions like glucose control treatment or physical activity interventions. Therefore, in a secondary analysis we excluded previously diagnosed diabetes from the analysis. We found that increased FPG, old age, and smoking were positively associated with increased QFT TB antigen values (P = 0.023, P < 0.001, and P < 0.001).


Table 3 | Linear regression models for QFT TB antigen (IU/mL) and associated factors among different populations.





Discussion

In this large-scale cross-sectional study, characteristics such as old age, male sex, smoking, drinking, diabetes, high BMI, and high glucose level were associated with LTBI. Furthermore, even though we found that QFT TB antigen values significantly increased among persons with undiagnosed diabetes compared with the normoglycemia group, we found that, upon stratification of QFT results, QFT TB antigen values were not significantly increased from the normoglycemia group to the undiagnosed diabetes population, indicating that diabetes status had little influence on the prevalence of QFT positivity. The linear regression model demonstrated that FPG, age, and smoking were independently associated with QFT TB antigen and they could be important indicators for LTBI exposure.

WHO reported that systematic testing for LTBI was not recommended for people with diabetes, but evidence for this recommendation was considered of low quality (Anonymous, 2018). For the diabetic population, the impaired immune responses may increase the susceptibility to tuberculosis infection (Vallerskog et al., 2010; Gomez et al., 2013). Diabetes was associated with an increased prevalence of LTBI in prior studies (Barron et al., 2018). A previous systematic review and meta-analysis showed that diabetes was associated with a small increased risk of LTBI (Lee et al., 2017), but a recent meta-analysis showed that the risk of LTBI was found to be a 60% increased risk in persons with diabetes and a 36% increased risk in prediabetes when compared with normoglycemia people (Liu et al., 2022). In addition, there were studies indicating the increased risk of incident diabetes among individuals with LTBI (Magee et al., 2022), demonstrating that the LTBI population was a vulnerable group of people who were susceptible to diabetes.

We assessed whether the increased prevalence of LTBI among person with diabetes was present among the sample tested with IGRAs. As we used an indirect method of testing LTBI, whether the positive response of IGRA was modified by the glucose level was unknown for the general population. A previous study focused on IGRA response between diabetes and non-diabetes tuberculosis patients and found no significant differences in the qualitative or quantitative IGRA responses to Mycobacterium tuberculosis-specific antigens as measured by the QFT and T-SPOT.TB assays (Gan et al., 2014). Choi et al. revealed a reduced sensitivity of QFT among diabetic TB patients (Choi et al., 2015). Therefore, LTBI detection among TB patients was debated, even though LTBI detection was not necessary for tuberculosis diagnosis.

However, there has been no study on diabetes status impacting LTBI detection from the general population. Our study evaluated QFT TB antigen among normal glucose people, prediabetes, unknown diabetes, and previously diagnosed diabetes. We found an increasing level of TB antigen from persons with normoglycemia compared with those with previously diagnosed diabetes. The increased difference for QFT TB antigen was only observed between normoglycemia people and undiagnosed diabetes population. The difference might be induced by a high proportion of positive QFT among undiagnosed diabetes than in the other glucose level groups. However, the trend of increasing difference could be observed from either the QFT-positive or negative group, even though the difference reached no statistical difference, which might be due to small samples for prediabetes, undiagnosed diabetes, and those previously diagnosed diabetes.

Our study also indicated that the previously diagnosed diabetes population seemed to have a lower QFT TB antigen than the undiagnosed diabetes population, partly because the previously diagnosed diabetes population was receiving a treatment of diabetes and a change to good living habits after the diagnosis of diabetes. Thus, glucose control intervention after the diagnosis of diabetes might modify the response of the QFT TB antigen (Martinez et al., 2017).

In the linear regression model for QFT TB antigen and FPG, it was found that FPG was independently associated with QFT TB antigen, suggesting that the high QFT TB antigen was correlated with high FPG or diabetic status. On the contrary, diabetes was associated with an increased risk of LTBI. There was also a challenge for LTBI detection among the diabetes population because a high indeterminate result for QFT was found in those diabetic TB patients than in normoglycemia TB patients (Gan et al., 2014).

In this population-based study, we also found that old age and smoking were associated with an increased value of QFT TB antigen, implying that old age and smoking might be associated with an increased risk of LTBI. Previous studies found that smoking was associated with a high risk of LTBI (Horne et al., 2012; Lindsay et al., 2014) and that secondhand smoking exposure was also considered a factor related to LTBI (Altet et al., 2022; du Preez et al., 2011). Meanwhile, smoking quantity and IFN-γ response were dose-dependently related for smoking contacts, which implied that smoking contacts with a negative LTBI should be careful of interpretation of LTBI status (Altet et al., 2017). A recent review demonstrated that smoking impaired innate barrier defense, as well as alveolar macrophage, neutrophil, dendritic cell, and T-cell functions, in the context of TB infection and disease (Quan et al., 2022).

There are several limitations to this study. Firstly, this was a cross-sectional study and whether glucose levels could modify IGRA responses should be validated in prospective, longitudinal studies. Second, treatment information of previously diagnosed diabetes was not available. Third, there were small sample sizes among people with prediabetes and undiagnosed diabetes. Larger sample sizes among these groups are warranted in future studies to verify the associations we found in this study. In conclusion, we found that QFT TB antigen values significantly increased among persons with undiagnosed diabetes compared with the normoglycemia group. Despite this, diabetes status had little influence on the detection of LTBI. Continuously, FPG value, old age, and smoking were risk factors for increasing levels of QFT TB antigen.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the ethics committee of the Institute of Pathogen Biology, Chinese Academy of Medical Sciences. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

CC and XH wrote the draft of the manuscript. LM, JX, and LZ designed and edited the manuscript. YS, HS, and GL conducted the experiments. WL, LZ, and CC reviewed the data collection. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Jiangsu Commission of Health (grant number M2020040 and ZDA2020022) and Kunshan Scientific Project (grant number KSF202145). The funder had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2022.1057298/full#supplementary-material

Supplementary Figure 1 | Linear regression plot for TB antigen values and FPG.



References

 Altet, N., Latorre, I., Jimenez-Fuentes, M. A., Maldonado, J., Molina, I., Gonzalez-Diaz, Y., et al. (2017). Assessment of the influence of direct tobacco smoke on infection and active TB management. PloS One 12, e0182998. doi: 10.1371/journal.pone.0182998

 Altet, N., Latorre, I., Jimenez-Fuentes, M. A., Soriano-Arandes, A., Villar-Hernandez, R., Mila, C., et al. (2022) Tobacco smoking and second-hand smoke exposure impact on tuberculosis in children. J. Clin. Med. 11, 2000. doi: 10.3390/jcm11072000

 American Diabetes, A. (2020). Classification and diagnosis of diabetes: Standards of medical care in diabetes-2020. Diabetes Care 43, S14–S31. doi: 10.2337/dc20-S002

 Barron, M. M., Shaw, K. M., Bullard, K. M., Ali, M. K., and Magee, M. J. (2018). Diabetes is associated with increased prevalence of latent tuberculosis infection: Findings from the national health and nutrition examination survey, 2011-2012. Diabetes Res. Clin. Pract. 139, 366–379. doi: 10.1016/j.diabres.2018.03.022

 Campbell, J. R., Krot, J., Elwood, K., Cook, V., and Marra, F. (2015). A systematic review on TST and IGRA tests used for diagnosis of LTBI in immigrants. Mol. Diagn. Ther. 19, 9–24. doi: 10.1007/s40291-014-0125-0

 Choi, J. C., Jarlsberg, L. G., Grinsdale, J. A., Osmond, D. H., Higashi, J., Hopewell, P. C., et al. (2015). Reduced sensitivity of the QuantiFERON((R)) test in diabetic patients with smear-negative tuberculosis. Int. J. Tuberc Lung Dis. 19, 582–588. doi: 10.5588/ijtld.14.0553

 Cohen, A., Mathiasen, V. D., Schon, T., and Wejse, C. (2019). The global prevalence of latent tuberculosis: a systematic review and meta-analysis. Eur. Respir. J. 54, 1900655. doi: 10.1183/13993003.00655-2019

 du Preez, K., Mandalakas, A. M., Kirchner, H. L., Grewal, H. M., Schaaf, H. S., van Wyk, S. S., et al. (2011). Environmental tobacco smoke exposure increases mycobacterium tuberculosis infection risk in children. Int. J. Tuberc Lung Dis. 15, 1490–1496. doi: 10.5588/ijtld.10.0759

 Farhat, M., Greenaway, C., Pai, M., and Menzies, D. (2006). False-positive tuberculin skin tests: What is the absolute effect of BCG and non-tuberculous mycobacteria? Int. J. Tuberc Lung Dis. 10, 1192–1204.

 Gan, S. H., KhinMar, K. W., Barkham, T. M., Koh, C. K., Shen, L., Wang, Y. T., et al. (2014). Interferon-gamma responses to mycobacterium tuberculosis-specific antigens in diabetes mellitus. Eur. Respir. J. 44, 805–808. doi: 10.1183/09031936.00226613

 Gomez, D. I., Twahirwa, M., Schlesinger, L. S., and Restrepo, B. I. (2013). Reduced mycobacterium tuberculosis association with monocytes from diabetes patients that have poor glucose control. Tuberculosis (Edinb) 93, 192–197. doi: 10.1016/j.tube.2012.10.003

 Horne, D. J., Campo, M., Ortiz, J. R., Oren, E., Arentz, M., Crothers, K., et al. (2012). Association between smoking and latent tuberculosis in the U.S. population: An analysis of the national health and nutrition examination survey. PloS One 7, e49050. doi: 10.1371/journal.pone.0049050

 Kobashi, Y., Mouri, K., Obase, Y., Fukuda, M., Miyashita, N., and Oka, M. (2007). Clinical evaluation of QuantiFERON TB-2G test for immunocompromised patients. Eur. Respir. J. 30, 945–950. doi: 10.1183/09031936.00040007

 Lee, M. R., Huang, Y. P., Kuo, Y. T., Luo, C. H., Shih, Y. J., Shu, C. C., et al. (2017). Diabetes mellitus and latent tuberculosis infection: A systematic review and metaanalysis. Clin. Infect. Dis. 64, 719–727. doi: 10.1093/cid/ciw836

 Lindsay, R. P., Shin, S. S., Garfein, R. S., Rusch, M. L., and Novotny, T. E. (2014). The association between active and passive smoking and latent tuberculosis infection in adults and children in the united states: Results from NHANES. PloS One 9, e93137. doi: 10.1371/journal.pone.0093137

 Liu, J., Bai, R., Chai, Z., Cooper, M. E., Zimmet, P. Z., and Zhang, L. (2022). Low- and middle-income countries demonstrate rapid growth of type 2 diabetes: An analysis based on global burden of disease 1990-2019 data. Diabetologia 65, 1339–1352. doi: 10.1007/s00125-022-05713-6

 Liu, Q., Yan, W., Liu, R., Bo, E., Liu, J., and Liu, M. (2022). The association between diabetes mellitus and the risk of latent tuberculosis infection: A systematic review and meta-analysis. Front. Med. (Lausanne) 9, 899821. doi: 10.3389/fmed.2022.899821

 Magee, M. J., Khakharia, A., Gandhi, N. R., Day, C. L., Kornfeld, H., Rhee, M. K., et al. (2022). Increased risk of incident diabetes among individuals with latent tuberculosis infection. Diabetes Care 45, 880–887. doi: 10.2337/dc21-1687

 Martinez, L., Zhu, L., Castellanos, M. E., Liu, Q., Chen, C., Hallowell, B. D., et al. (2017). Glycemic control and the prevalence of tuberculosis infection: A population-based observational study. Clin. Infect. Dis. 65, 2060–2068. doi: 10.1093/cid/cix632

 Quan, D. H., Kwong, A. J., Hansbro, P. M., and Britton, W. J. (2022). No smoke without fire: The impact of cigarette smoking on the immune control of tuberculosis. Eur. Respir. Rev. 31, 210252. doi: 10.1183/16000617.0252-2021

 Vallerskog, T., Martens, G. W., and Kornfeld, H. (2010). Diabetic mice display a delayed adaptive immune response to mycobacterium tuberculosis. J. Immunol. 184, 6275–6282. doi: 10.4049/jimmunol.1000304

 Walsh, M. C., Camerlin, A. J., Miles, R., Pino, P., Martinez, P., Mora-Guzmán, F., et al. (2011). The sensitivity of interferon-gamma release assays is not compromised in tuberculosis patients with diabetes. Int. J. Tuberculosis Lung Dis. 15, 179–184

 Whitworth, H. S., Scott, M., Connell, D. W., Donges, B., and Lalvani, A. (2013). IGRAs–the gateway to T cell based TB diagnosis. Methods 61, 52–62. doi: 10.1016/j.ymeth.2012.12.012

 World Health Organization (2018). Latent tuberculosis infection: updated and consolidated guidelines for programmatic management (Geneva).

 Zhu, D., Zhou, D., Li, N., and Han, B. (2021). Predicting diabetes and estimating its economic burden in China using autoregressive integrated moving average model. Int. J. Public Health 66, 1604449. doi: 10.3389/ijph.2021.1604449


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Chen, Hu, Shao, Song, Li, Lu, Martinez, Xu and Zhu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The association between diabetes status and latent-TB IGRA levels from a cross-sectional study in eastern China

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study design and population

          



          		

            Measures and definitions

          



          		

            Data analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
population

Populations Group 1: Group 2: Group 3: Group 4: P value

normoglycemia prediabetes undiagnosed previously for
(TB antigen, (TB antigen, diabetes (TB diagnosed the
1U/mL) 1U/mL) antigen, 1U/mL) diabetes four-group
(TB antigen, comparisons
1U/mL)

Total n = 4,869 0.50 £ 0.02 138 057 £0.14 17 0.96 + 0.20° 178 063 £0.13 0.008

population

Age (years)

<20 n=416 0.04 £ 0.01 n=1 0.04 n=0 NA n=0 NA 0761

220 and <40 n =867 027 £ 0.04 n=3 0.60 + 0.59 n=8 0.23 £ 0.19 n=2 0.04 £ 0.04 0938

240 and <60 n=2235 0.58 + 0.03 n=66 0.60 = 0.23 n=74 122 £ 029* n=77 040 £ 0.22 0.009

260 n=1351 0.65 + 0.04 n=68 055+ 0.17 n=35 0.58 = 0.28 n=99 075 £0.18 0872

Sex

Male n=2286 0.56 + 0.03 n=64 091 £0.27 n =60 0.97 £ 0.26 n=56 112 £ 0.33* 0.004

Female n=2583 044 £ 0.03 n=74 028 £ 0.09 n=57 095 +032° n=122 034 £0.13 0.029

Smoking

No n=3673 042 £ 0.02 n =101 035 £ 0.10 n=84 095 +025° n=153 046 +0.13 0.004

Yes n=1196 0.74 £ 0.05 n=37 0.18 = 0.43 n=33 1.00 + 035 n=25 1.37 £ 0.59 0.158

Drinking

No n=3783 045 £ 0.02 n=99 037 £0.10 n =80 0.89 + 0.24° n=155 046 £0.13 0.047

Yes n=1,086 065 + 0.05 n=39 1.09 +0.41 n=37 112 £039 n=23 145 + 0.64 0.026

QFT positive n=954 236 + 0.08 280 £ 0.55 2.92 £ 0.51 n=42 250 +0.45 0.492

population

QTF negative n=3915 0.04 £ 0.01 n=112 0.05 £ 0.01 n =80 0.06 £ 0.01 n=136 0.06 £ 0.01 0368

“P < 005 for TB antigen values among groups 2, 3, and 4 when compared with group 1, respectively; NA, not available.





OEBPS/Images/table3.jpg
QFT TB antigen (IU/mL)

QFT TB antigen for all populations

QFT TB antigen for subgroup: (normal glucose, prediabetes, and undiagnosed diabetes)

QFT TB antigen for subgroup with best model: (normal glucose, prediabetes, and undiagnosed
diabetes)

FPG, fasting plasma glucose.
Age, sex, BMI, smoking, and drinking were category data, which are defined in Table 1.

Variables

Intercept
FPG

age

sex

BMI
smoking
drinking
Intercept
FPG

age

sex

BMI
smoking
drinking
Intercept
FPG

age

smoking

B-estimates for
FPG

-0.2543
0.0210
0.1684
-0.0110
0.0437
0.2703

0.0344
-0.3240
0.0405
0.1680
0.0071

0.0240
0.2751

0.0218
-0.2740
0.0422
0.1725

0.2818

Standard
error

0.1326
0.0145
0.0243
0.0529
0.0283
0.0615
0.0594
0.1409
0.0178
0.0243
0.0532
0.0287
0.0617
0.0596
0.1048
0.0177
0.0236

0.0478

0.055

0.147

<0.001

0.836

0.124

<0.001

0.562

0.022

0.023

<0.001

0.894

0.402

<0.001

0.715

0.009

0.017

<0.001

<0.001





OEBPS/Images/fcimb.2022.1057298_cover.jpg
, frontiers ‘ Frontiers in Cellular and Infection Microbiology

The association between diabetes
status and latent-TB IGRA
levels from a cross-sectional
study in eastern China





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/table1.jpg
5302) Negative QFT (N

Age 219.391 <0.001
Mean + SD (years) 49.96 + 17.57 48.07 + 18.02 57.51 + 13.10 <0.001*
<0 417 (7.9%) 410 (9.7%) 7 (0.7%)

20-40 880 (16.6%) 794 (18.7%) 86 (8.1%)

40-60 2452 (46.2%) 1930 (45.5%) 522 (49.8%)

>60 1553 (29.3%) 1109 (26.1%) 444 (41.9%)

Sex 37.107 <0.001
Male 2466 (46.5%) 1885 (44.4%) 581 (54.9%)

Female 2836 (53.5%) 1358 (55.6%) 479 (45.1%)

Smoking 74.912 <0.001
No 4011 (75.7%) 3318 (78.2%) 693 (65.4%)

Yes 1291 (24.3%) 925 (21.8%) 366 (34.6%)

Drinking 43.855 <0.001
No 4117 (77.6%) 3375 (79.5%) 742 (70.1%)

Yes 1185 (22.4%) 868 (20.5%) 317 (29.9%)

Body mass index 20.031 <0.001 ‘
Mean + SD 2334 £358 23.23 £ 3.66 23.75+3.24 <0.001* ‘
<185 330 (6.2%) 289 (6.8%) 41 (3.9%)

18.5-24 2884 (54.4%) 2331 (54.9%) 553 (52.2%)

24-28 1641 (31.0%) 1272 (30.0%) 369 (34.8%)

>28 447 (8.4%) I 351 (8.3%) 96 (9.1%)

Glucose status 11.947 0.008
No diabetes 4869 (91.8%) 3915 (92.3%) 954 (90.1%)

Pre- diabetes 138 (2.6%) 112 (2.6%) 26 (2.5%)

Previously diagnosed diabetes 117 (2.2%) 80 (1.9%) 37 (3.5%)

Undiagnosed diabetes 178 (3.4%) 136 (3.2%) 42 (4.0%)

FPG Mean + SD (mmol/L) 4.96 + 1.42 494 + 1.38 5.07 £ 1.57 0.007*

*Unpaired student t test for continuous variables among QFT position and negative groups.
FPG: fasting plasma glucose
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Baseline
population (N=7311)

Exclusion step 1

1.1 children younger than 5
years(n=110)

1.2 pregnant women (n=4)

1.3 declined or could not complete the
survey (n=1199)

Exclusion step 2

2.1 absent result of IGRA (N=1)
2.2 absent result of digital chest
radiography (N=16)

2.3 history of tuberculosis (N=45)
2.4 clinically suspected pulmonary
tuberculosis (N=54)

2.5 without attending the
investigation (N=520)

Exclusion step 3
3.1 indeterminate QFT result (N=56)
3.2 have no FPG result (N=3)

4. Included in the final
analysis (N=5302)





