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Abstract: Type 2 diabetes mellitus (T2DM) and tuberculosis (TB) together impose a high disease
burden in terms of both mortality and health economics worldwide. The objective of this study was
to estimate the prevalence and risk factors of latent TB infection (LTBI) in patients with T2DM in
Malaysia. A cross-sectional study was performed, and adult T2DM patients (n = 299) were included.
Simple and multiple logistic regression analyses were performed to identify the LTBI-associated risk
factors in patients with T2DM. Multiple logistic regression was used to estimate adjusted odds ratios
(aOR) and 95% confidence intervals (CIs) between T2DM and LTBI and was adjusted for potential
confounders. The prevalence of LTBI in patients with T2DM was 11.4% (95% CI: 8.0–15.0%). There
was no significant difference in the socio-demographic characteristics between LTBI and non-LTBI
subjects. No significant difference in the smoking status, the duration of smoking, and the duration of
T2DM, HbA1c, or treatments was observed. Interestingly, a higher level of education was observed
to be associated with a lower prevalence of LTBI in T2DM patients (aOR: 0.08, 95% CI: 0.01–0.70,
p = 0.02). Although the prevalence of LTBI in T2DM was low, it is important to screen for it in T2DM
patients due to the risk of developing severe active TB.

Keywords: latent tuberculosis infection; type 2 diabetes mellitus; tuberculin skin test; prevalence;
risk factors

1. Introduction

In 2018, 10 million people developed active TB [non-human immunodeficiency virus
(HIV) TB], and 1.2 million of them died [1]. Latent tuberculosis infection (LTBI) is rec-
ognized as a state when a person is infected with Mycobacterium tuberculosis without the
representation of any clinical manifestations of active TB [2,3]. It was estimated that glob-
ally, approximately 1.7 billion people were latently infected with Mycobacterium tuberculosis
in the year 2014 [4]. The exact mechanism of the development of LTBI is still unclear;
however, there is growing evidence suggesting that the risk of reactivation of LTBI into an
active TB is greater in some noncommunicable diseases which affect the function of the
immune system. Even though the rate of latent TB reactivation is around 10% [5,6], the risk
of reactivation is many folds higher in immunosuppressed patients and patients with type
2 diabetes mellitus (T2DM) [7–9].

T2DM is still considered as a steadily increasing epidemic global disease burden, with
382 million worldwide sufferers in 2014 and a projected 592 million sufferers by the year
2035 [10,11]. In a meta-analysis, it was observed that T2DM increased the risk of being
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diagnosed with active TB by three-fold, and 95% of the TB patients were from low- and
middle-income countries [12]. Increased incidence of T2DM has also been projected, which
may substantially increase the economic impact of this double disease burden [13,14]. Thus,
both TB and T2DM are currently amongst the main global public health priorities. Based
on the latest (2018) WHO data on Malaysia, over 25,000 people have developed active TB
with an incidence rate of 92 per 100,000 and over 2.4 million people are projected to be
diabetic by the year 2030 [15,16].

Although researchers have established a relationship between active TB and T2DM, it
is yet unclear the extent of the prevalence of T2DM in LTBI and if this comorbid condition
increases the risk of developing LTBI. Identifying LTBI (who are at greater risk of reactiva-
tion to active TB) in patients with T2DM is an imperative measure as adequate prophylaxis
can prevent TB reactivation significantly [6,17]. There are few studies that have explored
the relationship between T2DM and LTBI thus far; therefore, the objective of this study was
to estimate the prevalence and risk factors of LTBI in Malaysian patients with T2DM.

2. Materials and Methods
2.1. Study Design and Participants

In this cross-sectional study, adult patients (>18 years) with confirmed T2DM by
clinical and blood parameters (fasting blood sugar level and HbA1c) were recruited from
Hospital Universiti Sains Malaysia (USM) using the systematic random sampling method
in the ratio 1:1 based on the attendance list at the outpatient clinic. Hospital USM is situated
between the suburban and rural districts, much like other places in Kelantan state and
other residential areas in Peninsular Malaysia. Patients were excluded if they were already
diagnosed with TB or had symptoms suggestive of TB, were immunocompromised patients
(i.e., HIV-infected), or were on immunosuppressive or on immune-modulatory medications
(i.e., >15 mg/day prednisolone for ≥1 month or taking tumor necrosis factor-α antagonists).
They were then interviewed using a questionnaire that includes information on gender,
ethnicity, marital status, education level, occupation, monthly income, smoking status, age,
and smoking duration. On the same day, they underwent the Mantoux test/Tuberculin
test, and they were checked for the presence of a Bacillus Calmette–Guérin (BCG) scar.
All participants were given an appointment to be seen again after three days. Written
informed consents were obtained from the study participants following the ethics approval
from the Human Research Ethics Committee, Universiti Sains Malaysia [USMKK/PPP/
JEPeM 266.3.(7)].

2.2. Sample Size Calculation

The sample size was calculated based on the prevalence of 42% previously reported
in a study on LTBI prevalence among diabetic patients in Spain [18]. Using a precision
of 6% at the 5% significance level, a total of 325 subjects was required after considering a
non-response rate of 20%.

2.3. Tuberculin Skin Test (TST) and Interpretation

The standard one-step tuberculin test (TST) was performed, which consisted of an
intracutaneous injection of 0.1 mL (5 tuberculin units) of purified protein derivative
(Tuberkulin RT 23, Statens Serum Institute, Copenhagen, Denmark) on the volar side
of the forearm. Any induration was measured in millimeters after 72 h of the injection.
The indurated area referred to the raised region, not the surrounding erythema. The “pen
technique” was used for distinguishing the indurated area from the surrounding erythema,
where a line was lightly drawn with a pen in the horizontal and vertical planes until the
edge of the induration was reached. This procedure was carried out by the well-trained
staff nurses using the Mantoux technique. To determine the size of the reaction, the indura-
tion was measured transversely to the long axis of the forearm from the most medial point.
Generally, an induration of ≥10 mm was considered positive and ≥5 mm was considered
positive only in case of recent contact with a TB-positive person. Additionally, the positive
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subjects were assessed by clinical examinations and a chest X-ray (CXR). Patients with a
positive TST without clinical evidence of active TB and with a normal CXR were considered
to be LTBI. None of the participants had clinical or radiological evidence of active TB.

2.4. Risk Factor Assessment

From the TST result, patients were assigned into two groups: TST-positive (LTBI) or
TST-negative (non-LTBI). Data on the duration of T2DM, the HbA1c level (below 6.5%,
6.5–7.0%, and above 7.0%), the diet-controlled only factors, monotherapy with oral hypo-
glycemic agents (OHA), the use of insulin alone, and the use of a combination of OHA and
insulin were verified using hospital records and information was taken during the first
interview. The LTBI patients were offered an appointment with a TB specialist, and the
non-LTBI patients were given an appointment for a yearly chest X-ray.

2.5. Statistical Analysis

All descriptive data were reported as mean and percentages. Continuous data were
described as mean, median, and standard deviation (SD). Descriptive statistics were used
to determine the prevalence of LTBI in patients with T2DM. Simple and multiple logistic
regression analyses were performed to identify the LTBI-associated risk factors in patients
with T2DM. Bivariate analyses were performed to determine which independent vari-
ables were associated with LTBI. Variables with p-value of <0.25 and clinically significant
variables were included in the multiple logistic regression analysis. From the multiple
logistic regression, we obtained estimate adjusted odds ratios (aOR) and 95% confidence
intervals (CIs) between T2DM and LTBI, which were adjusted for potential confounders.
A p-value of <0.05 was defined as the level of statistical significance. Data analyses were
performed using the Statistical Package for Social Sciences (SPSS) version 27 software
(IBM Corporation, Armonk, NY, USA).

3. Results

Initially, 325 eligible patients with T2DM were recruited; however, only 299 patients
were finally included in this study, as these patients came up during the 72-h follow-up
for the Mantoux test reading. The prevalence of LTBI in patients with T2DM was 11.4%
(95% CI: 8.0–15.0%). Socio-demographic characteristics of the participants are presented in
Table 1. In brief, there was no significant difference in the mean ages of patients with LTBI
vs. non-LTBI (57.7 ± 9.5 vs. 57.24 ± 9.1). The male female ratio was 1:1. The majority of the
participants were married (91.6%) and of Malay ethnicity (86.6%). There was no significant
difference on the educational levels, occupation or monthly income between LTBI and non-
LTBI subjects. There were no significant differences for duration of T2DM, smoking status,
duration of smoking, HbA1c result, previous BCG vaccination, and treatments between
the patients with LTBI and non-LTBI (Table 2). A significant association was observed from
the multiple logistic regression between the education level and LTBI. Higher education
levels (degree/master/PhD) were associated with a lower prevalence of LTBI (Table 3).

Table 1. Socio-demographic characteristics of patients with latent tuberculosis infection (LTBI)
and non-LTBI.

Characteristics
Non-LTBI (n = 265) LTBI (n = 34)

p-Value
n (%) Mean ± SD n (%) Mean ± SD

Age 57.7 ± 9.5 57.2 ± 9.1 0.75 a

Gender

Male 125 (47.2) 18 (53.0) 0.59 c

Female 140 (52.8) 16 (47.0)
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Table 1. Cont.

Characteristics
Non-LTBI (n = 265) LTBI (n = 34)

p-Value
n (%) Mean ± SD n (%) Mean ± SD

Ethnicity

Malay 227 (85.7) 32 (94.0) 0.11 b

Chinese 35 (13.2) 1 (3.0)
Indian 1 (0.3) 1 (3.0)
Others 2 (0.8) 0 (0.0)

Marital status

Married 242 (91.3) 32 (94.2) 0.40 b

Single 11 (4.1) 0 (0.0)
Divorced 2 (0.8) 1 (2.9)
Widow 10 (3.8) 1 (2.9)

Educational level

None 47 (17.7) 10 (29.4) 0.19 b

Primary 53 (20.0) 5 (14.7)
Secondary 99 (37.4) 15 (44.1)
Diploma 27 (10.2) 3 (8.8)

Degree/Master 39 (14.7) 1 (3.0)

Occupation

Unemployed 107 (40.4) 17 (50.0) 0.47 b

Self-employed 71 (26.8) 7 (20.6)
Labour work 46 (17.4) 6 (17.6)
Managerial 17 (6.4) 0 (0.0)
Pensioner 24 (9.0) 4 (11.8)

Monthly income 1508.9 ± 1975.4 1599.6 ± 3705.6 0.82 a

a Numerical variable using Independent t-test, b Categorical variable using Chi-square test, c Fisher’s exact test.

Table 2. Risk factors between patients with LTBI and non-LTBI.

Risk Factors
Non-LTBI LTBI p-Value

n (%) Mean ± SD n (%) Mean ± SD

Smoking status

Non-smoker 225 (85.0) 29 (85.3)
>0.95 b

Smoker 19 (7.1) 2 (5.9)
Ex-smoker 21 (7.9) 3 (8.8)

Duration of smoking (years) 21.2 ± 10.0 19.5 ± 0.7 0.68 a

Duration of T2DM (months) 108.7 ± 83.3 104.2 ± 82.3 0.77 a

HbA1c (%) 8.5 ± 2.2 8.8 ± 2.0 0.49 a

BCG scar

No 2 (0.8) 0 (0.0)
>0.95 c

Yes 263 (99.2) 34 (100.0)

Treatments

Diet alone 3 (1.1) 0 (0.0)
0.45 bOHA 164 (61.9) 18 (53.0)

Insulin 98 (37.0) 16 (47.0)
a Numerical variable using Independent t-test, b Categorical variable using Chi-square test, c Fisher’s exact test,
T2DM: type 2 diabetes mellitus, OHA: oral hypoglycemic agent.
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Table 3. Associated factors for LTBI by multiple logistic regression.

Factors Regression
Coefficient

Adjusted Odds
Ratio (95% CI) p-Value

Age −0.11 0.99 (0.94, 1.04) 0.66

Gender

Male 1.0
Female −0.398 0.67 (0.29, 1.56) 0.36

Ethnicity

Malay 1.0
Chinese −1.675 0.19 (0.02, 1.44) 0.11
Indian 1.904 6.71 (0.39, 114.72) 0.19
Others −19.724 0.000 >0.95

Educational level

None 1.0
Primary −1.186 0.30 (0.09, 1.06) 0.06
Secondary −0.753 0.47 (0.19, 1.20) 0.11
Diploma −0.936 0.39 (0.10, 1.58) 0.19

Degree/Master/PhD −2.459 0.09 (0.01, 0.71) 0.02

Smoking status

Non-smoker 1.0
Smoker −0.077 0.93 (0.17, 4.98) 0.93
Ex-smoker −0.556 0.57 (0.10, 3.35) 0.54

Duration of T2DM 0.000 1.00 (0.99, 1.01) 0.91

HbA1c −0.021 0.98 (0.80, 1.20) 0.84

Treatments

Diet alone 1.0
OHA/Insulin alone

and/or combination 0.641 1.90 (0.86, 4.18) 0.11

4. Discussion

This cross-sectional study estimated the prevalence of LTBI as being 11.4% in patients
with T2DM. T2DM is considered as a well-established risk factor for active TB. Although
the association between T2DM and LTBI has been hypothesized previously, there is a
limitation of evidence from epidemiologic studies. In a cross-sectional study from the USA,
a similar prevalence of LTBI [11.6% (95% CI: 7.9–15.3)] was observed, although the type
of diabetes was not addressed in the study [19]. In comparison to our Malaysian cohort,
the prevalence of LTBI was high in some other T2DM populations, including Egyptian
(21.6%) [20] and Singaporean (28.2%, 95.5% T2DM patients) populations [21]. An extremely
high prevalence of LTBI was observed in a Mexican T2DM cohort (51.3%) [22] and in a
group of Chinese residents of old age homes (mean age 82 years) (52.5%) with diabetes [23].

Interestingly, our study determined that a lower prevalence of LTBI in patients with
T2DM was associated with higher levels of education, although this result should be
considered with caution as it is based on a small sample size. From our observation,
subjects with lower levels of education have higher chances of exposure to TB by working
in construction sites or factory settings where they had increased risk to the exposure of
migrant workers, especially from high TB burden countries. In contrast, patients with high
levels of education mostly work in offices and in other managerial working environments
where their exposure to crowded places and poor sanitation areas was less high. They also
have more of an ability and knowledge for monitoring their T2DM and had more frequent
medical screenings.
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There are a few established molecular bases of the prevalence of LTBI in T2DM.
In patients with T2DM, the immune system is compromised, which actually favors the
reactivation of latent TB to an active status [19,24]. This possibly happens through the
activities of adipocytokines—cytokines produced by the adipose tissues of T2DM patients.
Adipokines induce inflammatory processes in patients with T2DM and dysregulation of this
cytokine has an impact on increased risk of developing LTBI in patients with T2DM [25].

There are some notable strengths in this study. To the best of our knowledge, this is
the first cross-sectional study aiming to estimate the prevalence of LTBI in patients with
T2DM in a Malaysian population. Previously, another study conducted by Swarna Nantha
et al. [26] included both diabetic and non-diabetic patients in a case-control setting and the
OR of LTBI in diabetic patients was estimated to be 1.88 (95% CI: 1.22–2.82) compared to non-
diabetic patients. The diagnosis of T2DM was diagnostically confirmed and was not on a
self-reported basis. The sample size was based on the sample size calculation; therefore, the
outcomes of this study is robust. Although most of our participants were vaccinated with
BCG and this can cross-react with the TST test with false-positive results, the participants
had their BCG vaccination more than 15 years prior to our study, which reduced the chance
of false positive results [27]. In our study, there are some limitations to address. One of
the main limitations is that the participants were screened through TST only, which is a
one-step TST test and therefore has less specificity, especially in immunocompromised
patients. However, patients that agreed to the prophylactic treatment with rifampicin for
six months underwent an interferon-γ release assay (IGRA) test for re-confirmation of their
LTBI status. Unfortunately, less than 20% of patients agreed to prophylactic treatment, as
most patients were reluctant to start the treatment because of its long duration time. All
of the LTBI positive by TST were found to be positive by IGRA as well; however, as the
number of overlapping positive results was very small, this has to be interpreted with
caution. Some of the socio-demographic information collected such as smoking status or
any previous TB contact may be undermined by the limitations of stigmatization. Due to
the nature of the cross-sectional study design, it is difficult to draw inferences of causality
with certainty.

The confirmation of LTBI in patients with T2DM is notoriously challenging [28]. The
available methods—(i) TST and (ii) IGRAs—are based on patients’ immunological response
to a stimulus, where the immunological response in patients with T2DM may be impaired
which ultimately affects the results, unfortunately. TST has a poor specificity and boosting
phenomenon as well whereby the initial response towards TST can be negative, whereas
IGRA show higher rates of false positive results [29,30]. Therefore, improvements in the
diagnosis of LTBI in patients with T2DM are indeed warranted.

5. Conclusions

Although the prevalence of LTBI in T2DM was low, it is important to screen for it in
patients with T2DM due to the risk of developing severe active TB. Prospective studies are
warranted to further investigate the temporal relationship between T2DM and both LTBI
and disease onset. In the future, observational studies with long-term follow-up would be
interesting to carry out to investigate the reactivation of LTBI in patients with T2DM.

Author Contributions: Conceptualization, R.Z.; methodology, P.A.P.; software, P.A.P.; validation,
M.A.I.; formal analysis, P.A.P.; investigation, P.A.P.; resources, R.Z.; data curation, M.A.I. and
P.A.P.; writing—original draft preparation, M.A.I. and P.A.P.; writing—review and editing, R.Z.,
M.A.I., L.H.Y., R.M., W.M.Z.W.M., and H.M.Y.; visualization, M.A.I.; supervision, R.Z.; project
administration, R.Z.; funding acquisition, R.Z. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Universiti Sains Malaysia short term grant 304/
PPSP/61313027.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the human research ethics committee of Universiti Sains
Malaysia (USMKK/PPP/JEPeM[266.3.(7)].



Int. J. Environ. Res. Public Health 2021, 18, 305 7 of 8

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available in article.

Acknowledgments: We would like to thank Mat Zuki Mat Jaeb (Respiratory Physician) and Siti
Suraiya Noor (Microbiologist) for their supports in this research.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Global Tuberculosis Report 2019; WHO: Geneva, Switzerland, 2019.
2. World Health Organization. Latent TB Infection: Updated and Consolidated Guidelines for Programmatic Management; WHO: Geneva,

Switzerland, 2018.
3. Sanjay, R.; Arora, V. Latent TB (LTBI) treatment: Challenges in India with an EYE on 2025. Indian J. Tuberc. 2020. [CrossRef]
4. Houben, R.M.; Dodd, P.J. The global burden of latent tuberculosis infection: A re-estimation using mathematical modelling.

PLoS Med. 2016, 13, e1002152. [CrossRef] [PubMed]
5. Corbett, E.L.; Watt, C.J.; Walker, N.; Maher, D.; Williams, B.G.; Raviglione, M.C.; Dye, C. The growing burden of tuberculosis:

Global trends and interactions with the HIV epidemic. Arch. Intern. Med. 2003, 163, 1009–1021. [CrossRef] [PubMed]
6. Gutti, G.; Arya, K.; Singh, S.K. Latent tuberculosis infection (LTBI) and its potential targets: An investigation into dormant phase

pathogens. Mini Rev. Med. Chem. 2019, 19, 1627–1642. [CrossRef] [PubMed]
7. Hasan, T.; Au, E.; Chen, S.; Tong, A.; Wong, G. Screening and prevention for latent tuberculosis in immunosuppressed patients at

risk for tuberculosis: A systematic review of clinical practice guidelines. BMJ Open 2018, 8, e022445. [CrossRef]
8. Lee, M.-R.; Huang, Y.-P.; Kuo, Y.-T.; Luo, C.-H.; Shih, Y.-J.; Shu, C.-C.; Wang, J.-Y.; Ko, J.-C.; Yu, C.-J.; Lin, H.-H. Diabetes mellitus

and latent tuberculosis infection: A systemic review and metaanalysis. Clin. Infect. Dis. 2017, 64, 719–727. [CrossRef]
9. Villa, S.; Ferrarese, M.; Sotgiu, G.; Castellotti, P.F.; Saderi, L.; Grecchi, C.; Saporiti, M.; Raviglione, M.; Codecasa, L.R. Latent

tuberculosis infection treatment completion while shifting prescription from isoniazid-only to rifampicin-containing regimens:
A two-decade experience in Milan, Italy. J. Clin. Med. 2020, 9, 101. [CrossRef]

10. Emerging Risk Factors Collaboration. Diabetes mellitus, fasting blood glucose concentration, and risk of vascular disease:
A collaborative meta-analysis of 102 prospective studies. Lancet 2010, 375, 2215–2222. [CrossRef]

11. Guariguata, L.; Whiting, D.R.; Hambleton, I.; Beagley, J.; Linnenkamp, U.; Shaw, J.E. Global estimates of diabetes prevalence for
2013 and projections for 2035. Diabetes Res. Clin. Pract. 2014, 103, 137–149. [CrossRef]

12. Jeon, C.Y.; Murray, M.B. Diabetes mellitus increases the risk of active tuberculosis: A systematic review of 13 observational
studies. PLoS Med. 2008, 5, e152.

13. Kapur, A.; Harries, A.D. The double burden of diabetes and tuberculosis—Public health implications. Diabetes Res. Clin. Pract.
2013, 101, 10–19. [CrossRef] [PubMed]

14. Harries, A.D.; Murray, M.B.; Jeon, C.Y.; Ottmani, S.E.; Lonnroth, K.; Barreto, M.L.; Billo, N.; Brostrom, R.; Bygbjerg, I.C.; Fisher-
Hoch, S. Defining the research agenda to reduce the joint burden of disease from diabetes mellitus and tuberculosis. Trop. Med.
Int. Health 2010, 15, 659–663. [CrossRef] [PubMed]

15. World Health Organization. Prevalence of Diabetes in the WHO Western Pacific Region; WHO: Manila, Philippines, 2018.
16. World Health Organization. Tuberculosis Profile; WHO: Cyberjaya, Malaysia, 2018.
17. Yassin, K.; Ahmed, E.G.; Musa, A.O.; Hamdan, H.Z.; Abuzied, N.; Fagear, A.A.; Adam, G.K.; Abdalla, T.M.; Ali, A.A. Prevalence

of Latent Tuberculosis (LTB) Among Pregnant Women in a High Burden Setting in Sudan using Interferon Gamma (IFN-γ)
Releasing Assay (IGRA). Curr. Womens Health Rev. 2019, 15, 214–217. [CrossRef]

18. Mansilla, M.B.; Sanz, M.G.; Moraleda, P.V.; Alvárez, A.P.; Carbayo, J.G.; Mata, F.G. Tuberculin test in diabetic patients in a health
center. Aten. Primaria 1995, 16, 154–157.

19. Barron, M.M.; Shaw, K.M.; Bullard, K.M.; Ali, M.K.; Magee, M.J. 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.
2018, 139, 366–379. [CrossRef]

20. Agha, M.A.; Yousif, M.; Shehab-Eldin, W.; El-Helbawy, N.G.; Moustafa, R.G.; Sweed, E.M. Latent tuberculosis infection among
patients with type 2 diabetes mellitus. Egypt. J. Chest Dis. Tuberc. 2020, 69, 277.

21. Leow, M.; Dalan, R.; Chee, C.B.E.; Earnest, A.; Chew, D.; Tan, A.; Kon, W.; Jong, M.; Barkham, T.; Wang, Y. Latent tuberculosis in
patients with diabetes mellitus: Prevalence, progression and public health implications. Exp. Clin. Endocrinol. Diabetes 2014, 122,
528–532. [CrossRef]

22. Martínez-Aguilar, G.; Serrano, C.J.; Castaneda-Delgado, J.E.; Macías-Segura, N.; Hernández-Delgadillo, N.; Enciso-Moreno, L.;
de Lira, Y.G.; Valenzuela-Méndez, E.; Gándara-Jasso, B.; Correa-Chacón, J. Associated risk factors for latent tuberculosis infection
in subjects with diabetes. Arch. Med. Res. 2015, 46, 221–227. [CrossRef]

23. Chan-Yeung, M.; Cheung, A.; Dai, D.; Chan, F.; Kam, K.; Tam, C.; Leung, C. Prevalence and determinants of positive tuberculin
reactions of residents in old age homes in Hong Kong. Int. J. Tuberc. Lung Dis. 2006, 10, 892–898.

24. Gonzalez-Curiel, I.; Castañeda-Delgado, J.; Lopez-Lopez, N.; Araujo, Z.; Hernandez-Pando, R.; Gandara-Jasso, B.; Macias-Segura,
N.; Enciso-Moreno, A.; Rivas-Santiago, B. Differential expression of antimicrobial peptides in active and latent tuberculosis and
its relationship with diabetes mellitus. Hum. Immunol. 2011, 72, 656–662. [CrossRef]

http://doi.org/10.1016/j.ijtb.2020.1009.1028
http://doi.org/10.1371/journal.pmed.1002152
http://www.ncbi.nlm.nih.gov/pubmed/27780211
http://doi.org/10.1001/archinte.163.9.1009
http://www.ncbi.nlm.nih.gov/pubmed/12742798
http://doi.org/10.2174/1389557519666190625165512
http://www.ncbi.nlm.nih.gov/pubmed/31241015
http://doi.org/10.1136/bmjopen-2018-022445
http://doi.org/10.1093/cid/ciw836
http://doi.org/10.3390/jcm9010101
http://doi.org/10.1016/S0140-6736(10)60484-9
http://doi.org/10.1016/j.diabres.2013.11.002
http://doi.org/10.1016/j.diabres.2012.12.001
http://www.ncbi.nlm.nih.gov/pubmed/23305899
http://doi.org/10.1111/j.1365-3156.2010.02523.x
http://www.ncbi.nlm.nih.gov/pubmed/20406430
http://doi.org/10.2174/1573404814666180906125843
http://doi.org/10.1016/j.diabres.2018.03.022
http://doi.org/10.1055/s-0034-1377044
http://doi.org/10.1016/j.arcmed.2015.03.009
http://doi.org/10.1016/j.humimm.2011.03.027


Int. J. Environ. Res. Public Health 2021, 18, 305 8 of 8

25. Kumar, N.P.; Nair, D.; Banurekha, V.; Dolla, C.; Kumaran, P.; Sridhar, R.; Babu, S. Type 2 diabetes mellitus coincident with
pulmonary or latent tuberculosis results in modulation of adipocytokines. Cytokine 2016, 79, 74–81. [CrossRef] [PubMed]

26. Nantha, Y.S.; Puri, A.; Ali, S.Z.M.; Suppiah, P.; Ali, S.A.C.; Ramasamy, B.; Ibrahim, I.M. Epidemiology of latent tuberculosis
infection among patients with and without diabetes mellitus. Fam. Pract. 2017, 34, 532–538. [CrossRef] [PubMed]

27. Wang, L.; Turner, M.; Elwood, R.; Schulzer, M.; FitzGerald, J. A meta-analysis of the effect of Bacille Calmette Guerin vaccination
on tuberculin skin test measurements. Thorax 2002, 57, 804–809. [CrossRef] [PubMed]

28. Mamishi, S.; Pourakbari, B.; Sadeghi, R.H.; Marjani, M.; Mahmoudi, S. Diagnostic Accuracy of Monocyte Chemotactic Protein
(MCP)-2 as Biomarker in Response to PE35/PPE68 Proteins: A Promising Diagnostic Method for the Discrimination of Active
and Latent Tuberculosis. Protein Pept. Lett. 2019, 26, 281–286. [CrossRef]

29. Faurholt-Jepsen, D.; Aabye, M.G.; Jensen, A.V.; Range, N.; Praygod, G.; Jeremiah, K.; Changalucha, J.; Faurholt-Jepsen, M.;
Jensen, L.; Jensen, S.M. Diabetes is associated with lower tuberculosis antigen-specific interferon gamma release in Tanzanian
tuberculosis patients and non-tuberculosis controls. Scand. J. Infect. Dis. 2014, 46, 384–391. [CrossRef]

30. Ugarte-Gil, C.; Carrillo-Larco, R.M.; Kirwan, D.E. Latent tuberculosis infection and non-infectious co-morbidities: Diabetes
mellitus type 2, chronic kidney disease and rheumatoid arthritis. Int. J. Infect. Dis. 2019, 80, S29–S31. [CrossRef]

http://doi.org/10.1016/j.cyto.2015.12.026
http://www.ncbi.nlm.nih.gov/pubmed/26771473
http://doi.org/10.1093/fampra/cmx017
http://www.ncbi.nlm.nih.gov/pubmed/28369346
http://doi.org/10.1136/thorax.57.9.804
http://www.ncbi.nlm.nih.gov/pubmed/12200526
http://doi.org/10.2174/0929866526666190119165805
http://doi.org/10.3109/00365548.2014.885657
http://doi.org/10.1016/j.ijid.2019.02.018

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Sample Size Calculation 
	Tuberculin Skin Test (TST) and Interpretation 
	Risk Factor Assessment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

