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Tuberculosis (TB) has re-emerged as 
a major threat to public health. The 
World Health Organization (WHO) 
has reported that people infected 

with TB have increased from 8.6 million in 2013 
to 9.9 million (with 1.3 million deaths) in 2020.1,2 
Furthermore, it is estimated that one in four people 
in the world is infected with latent tuberculosis 
infection (LTBI).3 Moreover, 5–10% of those with 
LTBI may in time develop active TB.1,4,5

The prevalence of diabetes mellitus (DM) has  
also been increasing dramatically worldwide, with 
a 129.7% increase in prevalence from 1990 (211.2 
million) to 2017 (476.0 million).6 Historically, the 
incidence of TB has been high in diabetic patients 
whose lower immunity triples the risk of TB.5,7,8 
In addition to DM, smoking, older age, history of 
TB contact, working as a healthcare worker, and 
having other comorbidities increase the risk of 
TB.8–11 Therefore, in populations with the above 

characteristics, it is essential to regularly screen for 
the prevalence of LTBI and TB and manage these 
conditions when identified.

Malaysia has an intermediate burden of TB.12 
This study aimed to determine the prevalence of 
LTBI and its associated factors among diabetic 
patients in primary care clinics in Terengganu 
state in the east coast of Malaysia to counter the 
effects of the dual problem of diabetes and TB in  
this population.13

M ET H O D S
This community-based cross-sectional study was 
conducted from June 2017 to November 2018 
among diabetic patients in 11 selected primary care 
clinics in the region of Terengganu. Government 
primary health clinics having family medicine 
specialists in Terengganu were categorized into 
three areas; central, north, and south. Using 
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A B S T R AC T
Objectives: Diabetes mellitus (DM) patients are considered to be at high risk for 
contracting latent tuberculosis infection (LTBI). This study aimed to determine 
the prevalence of LTBI and its associated factors among diabetic patients attending 
primary care clinics in Terengganu state, Malaysia. Methods: This cross-sectional study 
was conducted among diabetic patients attending 11 health clinics in the Terengganu 
region from June 2017 to November 2018. The selected participants were administered 
a tuberculin skin test (TST). Simple and multivariate logistic regressions were applied 
to evaluate the significant associated factors of LTBI. Results: The total number of 
participants were 703 DM patients. The factors found associated with LTBI were poor 
diabetic control status (odds ratio (OR) = 8.53; p = 0.008), being a healthcare worker 
(OR = 7.91; p = 0.001), history of contact with TB patients (OR = 5.69; p < 0.001), 
bronchial asthma (OR = 5.28; p = 0.019), coronary heart disease (OR = 3.45; p = 
0.026), and nephropathy (OR = 0.34; p = 0.040). The presence of LTBI was found in 34 
(4.8%) participants. Conclusions: At 4.8%, the prevalence of LTBI among DM patients 
in Terengganu is relatively low. Diabetics with poorly controlled blood glucose levels, 
nephropathy, bronchial asthma, coronary heart disease, history of TB patient contact, or 
working in the healthcare profession should be periodically tested for LTBI.
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stratified random sampling, five of nine clinics in 
the central area, three of five clinics in the northern 
area, and three of six clinics in the southern area  
were selected.

ethical approval was given by the Human 
Research ethics Committee Universiti Sultan Zainal 
Abidin and the National Medical Research and 
ethics Committee (NMRR-16-1937- 30162).

The sample size for the study was calculated 
by using pS Software (power and Sample Size 
Calculation version 3.1.6 by Vanderbilt University 
School of Medicine), assuming a 28.2% prevalence of 
LTBI,14 95% CI, 5% margin of error, and 1.96 value 
for the standard normal distribution. Assuming 
20% non-participation and considering a cluster 
design effect, a minimum sample size of 746 was 
arrived at. Systematic random sampling with 1:3 
ratios was then applied to choose samples among 
diabetic patients who attended the clinics during 
the study period.

All diabetic patients who fulfilled the inclusion 
criteria and were willing to participate in the study 
were eligible for participation. Inclusion criteria 
comprised: age ≥ 18 years, having been diagnosed 
with DM for at least 12 months, and having no mental 
health problems [Figure 1]. exclusion criteria were 
being previously diagnosed with or currently having 
TB, being in an immunocompromised state (due 
to conditions such as HIV, malignancies, end-stage 
renal failure, or being on any immunosuppressive 
therapy), and with a history of allergic reaction to 
the tuberculin skin test (TST).

After receiving the respondent’s written consent, 
the researcher interviewed and completed the case 
report form, which required information on socio-
demographic data such as age, gender, marital 
status, education occupation, monthly household 
income, and place of residence. Also collected were 
history of contact with TB patients, smoking status, 
and presence of comorbidities such as asthma, 
hypertension, hyperlipidemia, and rheumatoid 
arthritis. Further clinical data was obtained from the 
patient’s medical records in the clinic.

patients who had no chest X-ray (CXR) done 
within one year were subjected to a new CXR. 
The results of all CXR were read by the medical 
doctor in each clinic and were verified by a research 
team member (a clinician), to exclude active 
TB. Thereafter, the tuberculin skin test (TST)  
was performed.

The diagnosis of LTBI was confirmed by TST 
which uses a protein precipitate of heat-inactivated 
tubercle bacilli, known as purified protein derivative. 
The standard TST consists of an intracutaneous 
injection of 0.1 mL (5 tuberculin units) of purified 
protein derivative into the volar forearm. TST 
was administered by a trained staff nurse who also 
measured any induration (in mm) occurring 48–72 
hours post-injection.15 Indurated area refers to the 
raised region, not the surrounding erythema. The 
‘pen technique’ was used by lightly drawing with a 
pen in the horizontal and vertical planes until the 
edge of the induration was reached to distinguish 
the indurated area from the surrounding erythema. 
The size of the reaction was indicated by the 
measurement of induration transversely to the long 
axis of the forearm from the most medial point.16 
The Development Group of CpG TB Malaysia (4th 

edition) suggests that a TST induration of ≥ 10 mm 
should be considered as a positive LTBI for high-risk 
individuals such as diabetic patients.15,17

Latent TB refers to inactive TB, which differs 
from active TB whereby the body is already affected 
by Mycobacterium tuberculosis complex, whereas 
in latent TB, the bacteria cause no symptoms of 
TB with normal CXR, negative sputum, and the 
individual does not feel sick.4,6,18 To confirm the 
presence of inactive M. tuberculosis complex in the 
body, TST or interferon-gamma release assay (IGRA) 
test is required.6,19

Potential subjects: diabetic patients attending primary health care 
clinics (n = 746), excluding:
Diabetic patients with active TB
Diabetic patients on TB treatment
Diabetic patients with symptoms suggestive of TB
Diabetic patients who are infected with HIV, recent live-virus 
vaccination, or other viral illness
History of allergic reaction of TST

Diabetic patients were interviewed (n = 719, 96.4%)

16 patients were absent for TST reading. 

Diabetic patients who completed TST reading: N = 703 (94.2%). No 
LTBI patients had symptoms warranting further TB work-up.

LTBI: latent tuberculosis infection; TST: tuberculin skin test.

Figure 1: The enrolment process of diabetic 
patients in the study.
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DM was defined as Type 1 or Type 2 diabetes 
diagnosed using fasting plasma glucose of ≥ 7.0 
mmol/L or random plasma glucose ≥ 11.1 mmol/L 
(single reading in a symptomatic patient and two 
readings in an asymptomatic patient) or modified 
oral glucose tolerance test of fasting ≥ 7.0 mmol and 
2-hour postprandial of ≥ 11.1 mmol/L.20

IBM SpSS Statistics (IBM Corp. Released 
2013. IBM SpSS Statistics for Windows, Version 
22.0. Armonk, NY: IBM Corp.) was used for 
statistical analysis. A 5% level of significance was set,  
p-value ≤ 0.05 or less was considered statistically 
significant. A descriptive statistic such as percentage, 
mean and SD for each variable was calculated to 
describe frequencies (n) and percentage (%) for 
categorical variables while mean and SD were 

used for numerical variables. This study also 
involved simple and multiple logistic regressions 
to determine the significance of association 
between the LTBI and related variables among 
diabetic patients. Variables having p-values ≤ 0.25 
were included to proceed for further multivariable 
analysis. Also applied were goodness of fit tests 
such as classification table and area under the  
curve (ROC).

R E SU LTS
A total of 703 eligible diabetic patients attending 
selected health clinics in Terengganu participated in 
this study. Figure 1 shows the procedure to enroll 
the participants.

Table 1: Comparative characteristics of latent tuberculosis infection (LTBI) and non-LTBI participants of 
the study (N = 703).

Variables Total, n (%) No LTBI, n (%) LTBI, n (%) p-value

Mean age (SD) 58.9 (10.3) 59.1 (10.1) 58.9 (9.3) 0.888a

Gender 0.459b

Male 228 (32.4) 215 (94.3) 13 (5.7)
Female 475 (67.6) 454 (95.6) 21 (4.4)

Ethnicity 0.952c

Malay 702 (99.9) 668 (95.2) 34 (4.8)
Chinese 1 (0.1) 1 (100) 0 (0.0)

Marital status 0.426c

Single 17 (2.4) 17 (100) 0 (0.0)
Married 585 (83.2) 555 (94.9) 30 (5.1)
Divorced/separated 11 (1.6) 9 (81.8) 2 (18.2)
Widowed 90 (12.8) 88 (97.8) 2 (2.2)

Highest educational level 0.151b

No formal education 80 (11.4) 78 (97.5) 2 (2.5)
Primary 261 (37.1) 251 (96.2) 10 (3.8)
Secondary 303 (43.1) 287 (94.7) 16 (5.3)
Diploma Degree/ Master/ Ph.D. 59 (8.4) 53 (89.8) 6 (10.2)

Mean household monthly income (SD), RM 1790 (2787) 17 734 (28 288) 2100 (1808) 0.031b

< 3000 574 (81.7) 551 (96.0) 23 (4.0)
≥ 3000 129 (18.3) 118 (91.5) 11 (8.5)

Occupation < 0.001b

Not working 345 (49.1) 334 (96.8) 11 (3.2)
Healthcare worker 26 (3.7) 20 (76.9) 6 (23.1)
Non-healthcare worker 332 (47.2) 315 (94.9) 17 (5.1)

Place of residency 0.616b

Rural 533 (75.8) 506 (94.9) 27 (5.1)
Urban 170 (24.2) 163 (95.9) 7 (4.1)

Smoking status 0.023c

Non-smoker 336 (47.8) 325 (96.7) 11 (3.3)
Active smoker 49 (7.0) 42 (85.7) 7 (14.3)
Ex-smoker 64 (9.1) 61 (95.3) 3 (4.7)
Passive smoker 254 (36.1) 241 (94.9) 13 (5.1)



O M A N  M e D  J,  V O L  3 8 ,  N O  5 ,  S e p T e M B e R  2 0 2 3

Nu r  Fat i n i  Hus a i n ,  et  a l . Nu r  Fat i n i  Hus a i n ,  et  a l .

Variables Total, n (%) No LTBI, n (%) LTBI, n (%) p-value

History contact with TB patient < 0.001c

No 644 (91.6) 621 (96.4) 23 (3.6)
Yes 59 (8.4) 48 (81.4) 11 (18.6)

Obesity 0.711b

No 232 (33.0) 220 (94.8) 12 (5.2)
Yes 471 (67.0) 449 (95.3) 22 (4.7)

Hypertension 0.424b

No 141 (20.1) 136 (96.5) 5 (3.5)
Yes 562 (79.9) 533 (94.8) 29 (5.2)

Hyperlipidemia 0.526b

No 199 (28.3) 191 (96.0) 8 (4.0)
Yes 504 (71.7) 478 (94.8) 26 (5.2)

Bronchial asthma 0.062b

No 680 (96.7) 649 (95.4) 31 (4.6)
Yes 23 (3.3) 20 (87.0) 3 (13.0)

Rheumatoid arthritis 0.552c

No 687 (97.7) 654 (95.2) 33 (4.8)
Yes 16 (2.3) 15 (93.8) 1 (6.2)

Mean TST value (SD) 2.53 (3.7)
Mean duration of diabetes (SD), years 6.83 (5.1) 6.86 (5.1) 6.24 (5.3) 0.487a

Types of medication 0.934b

Diabetic oral medication 414 (58.9) 393 (94.9) 21 (5.1)
Insulin therapy 41 (5.8) 39 (95.1) 2 (4.9)
Both 248 (35.3) 237 (95.6) 11 (4.4)

Mean HbA1c levels for the last one year (SD) 8.41 (3.2) 8.38 (3.3) 9.07 (2.5) 0.228a

Diabetic control status 0.010b

< 6.5 172 (24.5) 170 (98.8) 2 (1.2)
≥ 6.5 531 (75.5) 499 (94.0) 32 (6.0)

Microvascular complications
Retinopathy 0.173b

No 484 (68.8) 457 (94.4) 27 (5.6)
Yes 219 (31.2) 212 (96.8) 7 (3.2)

Neuropathy 0.081b

No 469 (66.7) 451 (96.2) 18 (3.8)
Yes 234 (33.3) 218 (93.2) 16 (6.8)

Nephropathy 0.057b

No 498 (70.8) 469 (94.2) 29 (5.8)
Yes 205 (29.2) 200 (97.6) 5 (2.4)

Macrovascular complications
Coronary heart disease 0.046c

No 661 (94.0) 632 (95.6) 29 (4.4)
Yes 42 (6.0) 37 (88.1) 5 (11.9)

Stroke 0.288c

No 681 (96.9) 649 (95.3) 32 (4.7)
Yes 22 (3.1) 20 (90.9) 2 (9.1)

Peripheral vascular disease 0.670c

No 670 (95.3) 638 (95.2) 32 (4.8)
Yes 33 (4.7) 31 (93.9) 2 (6.1)

HbA1c: glycated hemoglobin; a: numerical variables using independent t-test; b: categorical variables using chi-square test; c: Fisher exact test; TST: tuberculin skin test.

Table 1: Comparative characteristics of latent tuberculosis infection (LTBI) and non-LTBI participants of 
the study (N = 703).

-continued
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The mean age of the respondents was 58.9±10.2 
years. Females (67.6%) and married people (83.2%) 
were in the majority. The mean duration of the 
participants’ diabetes was 6.8±5.0 years and the 
mean of glycated hemoglobin (HbA1c) levels for 
the last one year was 8.4±3.2). Most (414; 58.9%) 
participants took oral medications to keep DM in 
control. Three-quarters (531; 75.5%) had HbA1c 

levels ≥ 6.5 mmol/L in the previous one year. LTBI 
was found in 34 (4.8%) participants. Table 1 shows 
the comparative characteristics of the LTBI and non-
LTBI participants.

In the multivariate analysis using forward logistic 
regression, there were significant associations 
between poor diabetic control (p = 0.008), healthcare 
workers (p = 0.001), history of TB contact (p < 
0.001), bronchial asthma (p = 0.019), coronary heart 
disease (p = 0.026), and nephropathy (p = 0.040) 
with latent TB status [Table 2].

participants with poorly controlled diabetes 
(HbA1c > 6.5 mmol/L) had 8.53 times higher odds 
of having LTBI than those with good diabetic 
control (HbA1c ≤ 6.5 mmol/L). Healthcare workers 
had 7.91 times higher odds of having LTBI than 

the unemployed; non-healthcare workers had 1.67 
higher odds than the unemployed.

The participants who had contact with TB 
patients were 5.7 times more likely to have LTBI 
than those who did not. patients with coronary 
heart disease had 3.5 greater odds of having LTBI 
compared to those without this condition. patients 
with bronchial asthma had 5.3 times higher odds 
of having LTBI and nephropathy patients had 66% 
lower odds.

The model reasonably fits well. Model 
assumptions are met. There are no interaction and 
multicollinearity problems. Classification table 
(overall correctly classified percentage is 95.3%, which 
is > 70.0%) and ROC is 0.798 (95% CI: 0.73–0.87).

D I S C U S S I O N
Accurate diagnosis of LTBI, establishing its local 
prevalence, and identifying the associated risk factors 
are vital for TB control in any population. WHO’s 
end TB Strategy21 recommends early screening for 
LTBI in countries with lower or intermediate TB 
incidence to reduce the incidence of TB cases.

Table 2: Multivariate analysis of the association between associated factors and latent tuberculosis infection  
(LTBI) status among diabetic patients (N = 703).

Variables Simple logistic regression Multiple logistic regression

Wald B OR (95% CI) p-value Wald B Adjusted OR (95% CI) p-value

Diabetic control status
No 1.00 1.00
Yes 5.33 1.70 5.45 (1.29–22.99) 0.021 7.04 2.14 8.53 (1.75–41.61) 0.008

Occupational status
Unemployed 1.00 1.00
Healthcare workers 15.72 2.21 9.11 (3.06–27.15) < 0.001 11.11 2.07 7.91 (2.34–26.70) 0.001
Non-healthcare workers 1.57 0.49 1.64 (0.76–3.55) 0.211 1.52 0.52 1.67 (0.74–3.80) 0.217

History of TB contact
No 1.00 1.00
Yes 21.18 1.82 6.19 (2.85–13.45) < 0.001 16.15 1.74 5.69 (2.44–13.28) < 0.001

Bronchial asthma
No 1.00
Yes 3.14 1.14 3.14 (0.89–11.14) 0.076 5.53 1.66 5.28 (1.32–21.13) 0.019

Coronary heart disease
No 1.00 1.00
Yes 4.43 1.08 0.34 (0.12–0.93) 0.035 4.95 1.24 3.45 (1.16–10.25) 0.026

Nephropathy
No 1.00
Yes 3.39 -0.91 0.40 (0.15–1.06) 0.065 4.23 -1.08 0.34 (0.12–0.95) 0.040

OR: odds ratio. Significant p-values are given in bold.
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The current results indicate a low (4.8%) 
prevalence of LTBI among DM patients in 
Terengganu. The overall incidence of TB in Malaysia 
in the year 2021 was 97 per 100 000 people, which 
puts the country in the category of low-intermediate 
incidence of TB cases (< 100 TB cases per 100 000 
people).22 However, there are regional variations 
within Malaysia as shown by the high prevalence 
of LTBI in Seremban23 (28.5%) and Kelantan24 
(11.4%), compared to our 4.8%. It may be instructive 
to take a closer look.

Data collection for the Seremban study was during 
2014–2015.23 The participants were older than ours 
(61.7 years vs. 58.9 years), and they would have 
had greater cumulative exposure to M. tuberculosis. 
Further, the Seremban study was based on patients 
attending a single clinic within a city, while our 
patients were from multiple clinics located in three 
locations in Terengganu state, giving us a much 
wider geoclimatic and ethnic representation. The 
location of the clinic in Seremban city also suggests 
that its subjects were more likely than ours to be 
exposed to an urbanized, industrialized, and thus 
relatively polluted environment.

The second study, conducted in a university 
clinic in Kelantan24 during 2013–2015 on  
a DM population of mean age = 57.6, recorded  
a significantly lower prevalence of LTBI of 11.4% 
compared to the Seremban study, albeit more than 
twice as much as in the current study. Kelantan is less 
urbanized than Seremban which may partly explain 
the lower prevalence. Meanwhile, a reason for the 
higher prevalence of DM there compared to our 
study might be their poorer diabetic control status 
(HbA1c = 8.82±2.10)24 compared to ours (8.4±5.0). 
Hyperglycemia induces immune dysfunction with 
alteration of circulating levels of type 1 (interferon 
γ, interleukin 2, and tumor necrosis factor α) and 
type 17 (interleukin 17F) cytokines.25 Therefore, 
poor glycemic control may influence the potential 
immunological mechanism, increasing the risk of 
LTBI in individuals with DM.

The wide variations in infection rates can strongly 
influence the incidence of TB in each country. 
For instance, many studies conducted in high TB 
incidence countries such as Mozambique, India, and 
South Africa have also reported a high prevalence  
of LTBI.26–28

Multivariate analysis identified six factors 
significantly associated with LTBI among DM 

patients — poor diabetic control status, being a 
healthcare worker, history of contact with TB 
patients, bronchial asthma, coronary heart disease, 
and nephropathy. Regarding glycemic control, our 
findings are consistent with studies in Mexico, 
USA, and India,9,29–31 which also associated poor 
glycemic control with LTBI. Diabetic patients with 
immunocompromised states tend to have diminished 
cytokine levels, increasing their susceptibility to 
various pathogens including LTBI.32

In the current study, healthcare workers were 
significantly more likely to have LTBI than those 
working in other professions or unemployed. 
Likewise, previous studies have shown that the 
prevalence of LTBI in people who had a history of 
contact with TB patients increased by 1.14 to 1.32 
times.9,33 The prevalence of LTBI among healthcare 
workers may also increase with the number of years of 
work, being a smoker, or having diabetes.8,34 A study 
from Malaysia showed that healthcare workers with  
a history of TB contact had 8.69 times higher odds 
of getting LTBI, while in Thailand, the risk of LTBI 
among nurses increased by 6% each year increase 
in age.35,36 The association between age and LTBI 
among healthcare workers was also confirmed by 
studies in Italy and Oman.34,37 Diabetic patients 
who live in the same house as TB patients are also 
at risk of being infected themselves, due to their  
weak immunity.8

Our results also agree with other studies that 
bronchial asthma is positively associated with LTBI. 
A study by Lee et al,38 highlighted the association 
of consumption of the inhaled corticosteroid (ICS) 
with TB, where ICS decreases the local immunity of 
the lungs, facilitating the invasion of M. tuberculosis, 
leading to LTBI.

In our study, after adjusting for associated factors 
and other potential confounders, coronary heart 
disease was found significant to LTBI positivity. This 
was also in agreement with a peruvian study which 
found that the adjusted risk of LTBI was 1.90 times 
higher in patients with acute myocardial infection 
(AMI) compared with no AMI, and also noted  
a higher prevalence of LTBI among AMI case-
patient than in control (64% vs. 49%).39

However, we observed lower odds of LTBI among 
our patients with nephropathy. This was in contrast 
to previous studies which highlighted the increased 
risk of LTBI and active TB with chronic kidney 
disease.40 This finding deserves further evaluation 
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and may be due to the impairment of the specific 
immune response in patients with chronic kidney 
disease in our patients towards the TST, leading to a 
lower reactivity. Other methods such as IGRA may 
perform better in elucidating LTBI in this group  
of patients.

To our knowledge, this is the first cross-sectional 
study to determine the associated factors of LTBI 
among diabetic patients conducted in a state in the 
east coast of Malaysia. It was a relatively large study 
that recruited patients in several primary care clinics 
across different regions of Terengganu, although it 
may not be absolutely representative of the diabetic 
population of the east coast of Malaysia.

Our study has several limitations. Being a cross-
sectional study conducted within a limited period, 
we could identify only the associated factors rather 
than the actual risk factors. In view of the time and 
financial limitations, we used the TST instead of the 
more accurate IGRA test. Furthermore, this study 
did not compare the prevalence of LTBI between 
diabetic and non-diabetic patients.

C O N C LU S I O N
The burden of LTBI is low among diabetic patients 
living on the east coast of Malaysia. However, 
screening for LTBI may be needed in diabetic patients 
with the associated factors of LTBI, namely having 
uncontrolled blood glucose level, nephropathy, 
bronchial asthma, coronary heart disease, history 
of TB contact, and working in the healthcare field. 
efforts should be made to increase awareness of the 
benefit of improving blood sugar control in diabetic 
patients with LTBI.

Disclosure
The authors declared no conflicts of interest. This study was 
supported by the Ministry of Higher education, Malaysia 
Special Research Grant (UNISZA/2015/SRGS/4).

Acknowledgments
The researchers would like to thank the patients who participated 
in this study, as well as all family medicine specialists, medical 
officers, nurses, and medical assistants involved in the study data 
collection for their valuable cooperation.

r efer ences
1. World Health Organization. Global tuberculosis report 

2021. World Health Organization: Geneva. 2021 [cited 
2022 July 1]. Available from: https://www.who.int/
publications/i/item/9789240037021.

2. World Health Organization. Global tuberculosis report 

2013. World Health Organization: Geneva. 2013 [cited 
2022 July 1]. Available from: https://apps.who.int/iris/
handle/10665/91355.

3. Adam C, Victor DM, Thomas S, Christian W. The global 
prevalence of latent tuberculosis: a systematic review 
and meta-analysis. european Respiratory Journal Sep 
2019;54(3):1900655.

4. Abdul Rahaman JA, Ker HB, Yusof M, Hanafi NS, Wong 
JL. Tuberculosis in adults. Malays Fam physician 2014 
Dec;9(3):34-37.

5. Riza AL, pearson F, Ugarte-Gil C, Alisjahbana B, van 
de Vijver S, panduru NM, et al. Clinical management of 
concurrent diabetes and tuberculosis and the implications 
for patient services. Lancet Diabetes endocrinol 2014 
Sep;2(9):740-753.

6. Lin X, Xu Y, pan X, Xu J, Ding Y, Sun X, et al. Global, 
regional, and national burden and trend of diabetes in 195 
countries and territories: an analysis from 1990 to 2025. 
Sci Rep 2020;10(1):14790.

7. Bhattacharya pK, Roy A. Tuberculosis and diabetes 
mellitus: a double whammy for the developing nations. J 
Med Diagn Meth 2015;4(3):1-4.

8. el-Sokkary RH, Abu-Taleb AM, el-Seifi OS, Zidan He, 
Mortada eM, el-Hossary D, et al. Assessing the prevalence 
of latent tuberculosis among health care providers in 
Zagazig City, egypt using tuberculin skin test and 
quantiferon-tb gold in-tube test. Cent eur J public Health 
2015 Dec;23(4):324-330.

9. Martínez-Aguilar G, Serrano CJ, Castañeda-Delgado 
Je, Macías-Segura N, Hernández-Delgadillo N, enciso-
Moreno L, et al. Associated risk factors for latent 
tuberculosis infection in subjects with diabetes. Arch Med 
Res 2015 Apr;46(3):221-227.

10. pal R, Ansari MA, Hameed S, Fatima Z. Diabetes mellitus 
as hub for tuberculosis infection: a snapshot. Int J Chronic 
Dis 2016;2016:5981574.

11. Umakanth M, Rishikesavan S. prevalence of diabetes 
mellitus among tuberculosis patients in Batticaloa district. 
Sri Lanka. International Journal of Medicine Research 
2017;2(2):21-23.

12. The World Bank. Incidence of tuberculosis (per 100,000 
people) - Malaysia. 2016 [cited 2022 July 1]. Available 
from: https://data.worldbank.org/indicator/SH.TBS.
INCD?locations = MY.

13. International Union against Tuberculosis and Lung 
Disease. The looming co-epidemic of TB-diabetes: a 
call to action. 2014 [cited 2021 April 22]. Available 
from: https://theunion.org/sites/default/files/2020-08/
TBDM_epidemic_Report.pdf.

14. Leow MK, Dalan R, Chee CB, earnest A, Chew De, 
Tan AW, et al. Latent tuberculosis in patients with 
diabetes mellitus: prevalence, progression and public 
health implications. exp Clin endocrinol Diabetes 2014 
Oct;122(9):528-532.

15. Academy of Medicine of Malaysia. Clinical practice 
guidelines (CpGs). 2021 [cited 2022 July 1]. 
Available from: https://www.acadmed.org.my/index.
cfm?&menuid=67.

16. Ayub A, Yale SH, Reed KD, Nasser RM, Gilbert SR. 
Testing for latent tuberculosis. Clin Med Res 2004 
Aug;2(3):191-194.

17. Lewinsohn DM, Leonard MK, LoBue pA, Cohn DL, 
Daley CL, Desmond e, et al. Official American thoracic 
society/infectious diseases society of America/centers for 
disease control and prevention clinical practice guidelines: 
diagnosis of tuberculosis in adults and children. Clin 
Infect Dis 2017 Jan;64(2):e1-e33.

18. Shanmuganathan R , Subramaniam ID. Clinical 
manifestation and risk factors of tuberculosis infection in 
Malaysia: case study of a community clinic. Glob J Health 
Sci 2015 Jan;7(4):110-120.

19. Herzmann C, Sotgiu G, Bellinger O, Diel R, Gerdes S, 
Goetsch U, et al; TB or not TB consortium. Risk for 



O M A N  M e D  J,  V O L  3 8 ,  N O  5 ,  S e p T e M B e R  2 0 2 3

Nu r  Fat i n i  Hus a i n ,  et  a l . Nu r  Fat i n i  Hus a i n ,  et  a l .

latent and active tuberculosis in Germany. Infection 2017 
Jun;45(3):283-290.

20. Mustapha FI, Ghani RA, Tan A, Mohamed WM, Swee 
WC. A summary of the Malaysian clinical practice 
guidelines: management of type 2 diabetes mellitus 2009. 
Journal of the ASeAN Federation of endocrine Societies 
2011;26(1):20.

21. World Health Organization. Guideline on the 
management of latent tuberculosis infection. World 
Health Organization: Spain. 2015 [cited 2021 April 22]. 
Available from: https://www.who.int/publications/i/
item/9789241548908.

22. World Health Organization. TB country, regional and 
global profiles. Global tuberculosis report 2022. Geneva: 
World Health Organization. 2022 [cited 2021 April 22]. 
Available from: https://worldhealthorg.shinyapps.io/
tb_profiles/?_inputs_&entity_type=%22country%22&l
an=%22eN%22&iso2=%22MY%22.

23. Swarna Nantha Y, puri A, Mohamad Ali SZ, Suppiah p, 
Che Ali SA, Ramasamy B, et al. epidemiology of latent 
tuberculosis infection among patients with and without 
diabetes mellitus. Fam pract 2017 Sep;34(5):532-538.

24. ping pA, Zakaria R, Islam MA, Yaacob LH, Muhamad R, 
Wan Mohamad WMZ, et al. prevalence and risk factors 
of latent tuberculosis infection (LTBI) in patients with 
type 2 diabetes mellitus (T2DM). Int J environ Res public 
Health 2021 Jan 4;18(1):305.

25. Kumar Np, Moideen K, George pJ, Dolla C, Kumaran 
p, Babu S. Coincident diabetes mellitus modulates Th1-
, Th2-, and Th17-cell responses in latent tuberculosis in 
an IL-10- and TGF-β-dependent manner. eur J Immunol 
2016 Feb;46(2):390-399.

26. Adams S, ehrlich R, Baatjies R, van Zyl-Smit RN, Said-
Hartley Q, Dawson R, et al. Incidence of occupational 
latent tuberculosis infection in South African healthcare 
workers. eur Respir J 2015 May;45(5):1364-1373.

27. Belo C, Naidoo S. prevalence and risk factors for latent 
tuberculosis infection among healthcare workers in 
Nampula Central Hospital, Mozambique. BMC Infect 
Dis 2017 Jun;17(1):408.

28. Lee SJ, Lee SH, Kim Ye, Cho YJ, Jeong YY, Kim HC, 
et al. Risk factors for latent tuberculosis infection in 
close contacts of active tuberculosis patients in South 
Korea: a prospective cohort study. BMC Infect Dis 2014 
Nov;14(1):566.

29. Rajalakshmi KV, Anbalagan Vp. prevalence of latent 
tuberculosis infection in type 2 diabetic and nondiabetic 
individuals. Journal of Medical Science and Clinical 

Research 2017;5(6):23617-23623.
30. Remy WL. The association between latent tuberculosis 

infection and diabetes mellitus control in the United 
States. Theses and Dissertations--public Health (M.p.H. 
& Dr.p.H.) 2016:122.

31. Cousins S. Diabetic patients with poor glycaemic 
control have higher risk of latent TB, study shows. BMJ 
2017;359:j4767.

32. Kumar Np, George pJ, Kumaran p, Dolla CK, Nutman 
TB, Babu S. Diminished systemic and antigen-specific 
type 1, type 17, and other proinflammatory cytokines 
in diabetic and prediabetic individuals with latent 
Mycobacterium tuberculosis infection. J Infect Dis 2014 
Nov;210(10):1670-1678.

33. Jackson C, Southern J, Lalvani A, Drobniewski F, 
Griffiths CJ, Lipman M, et al. Diabetes mellitus and 
latent tuberculosis infection: baseline analysis of a large 
UK cohort. Thorax 2019 Jan;74(1):91-94.

34. Lamberti M, Muoio M, Arnese A, Borrelli S, Di Lorenzo 
T, Garzillo eM, et al. prevalence of latent tuberculosis 
infection in healthcare workers at a hospital in Naples, 
Italy, a low-incidence country. J Occup Med Toxicol 2016 
Nov;11:53.

35. Rafiza S, Rampal KG, Tahir A. prevalence and risk factors 
of latent tuberculosis infection among health care workers 
in Malaysia. BMC Infect Dis 2011 Jan;11(1):19.

36. Chaiear N, Bourpoern J, Sawanyawisuth K, Sawanyawisuth 
K, Limpawattana p, Reechaipichitkul W. Age is associated 
with latent tuberculosis in nurses. Asian pac J Trop Dis 
2016;6(12):940-942.

37. Khamis F, Al-Lawati A, Al-Zakwani I, Al-Abri S, Al-
Naamani J, Al-Harthi H, et al. Latent tuberculosis in 
health care workers exposed to active tuberculosis in 
a tertiary care hospital in Oman. Oman Med J 2016 
Jul;31(4):298-303.

38. Lee CH, Kim K, Hyun MK, Jang eJ, Lee NR, Yim JJ. 
Use of inhaled corticosteroids and the risk of tuberculosis. 
Thorax 2013 Dec;68(12):1105-1113.

39. Huaman MA, Ticona e, Miranda G, Kryscio RJ, Mugruza 
R, Aranda e, et al. The relationship between latent 
tuberculosis infection and acute myocardial infarction. 
Clin Infect Dis 2018 Mar;66(6):886-892.

40. Al-efraij K, Mota L, Lunny C, Schachter M, Cook V, 
Johnston J. Risk of active tuberculosis in chronic kidney 
disease: a systematic review and meta-analysis. Int J Tuberc 
Lung Dis 2015;19(12):1493-1499.


