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ABSTRACT

Objective To investigate the association between
diabetes and latent tuberculosis infections (LTBI) in high TB
incidence areas.

Design Community-based comparison study.

Setting Outpatient diabetes clinics at 4 hospitals and 13
health centres in urban and rural townships. A community-
based screening programme was used to recruit non-
diabetic participants.

Participants A total of 2948 patients with diabetes aged
older than 40 years were recruited, and 453 non-diabetic
participants from the community were enrolled.

Primary and secondary outcome measures The
interferon-gamma release assay (IGRA) and the tuberculin
skin test were used to detect LTBI. The IGRA result was
used as a surrogate of LTBI in logistic regression analysis.
Results Diabetes was significantly associated with

LTBI (adjusted OR (aOR)=1.59; 95%Cl 1.11 t0 2.28) and
age correlated positively with LTBI. Many subjects with
diabetes also had additional risk factors (current smokers
(a0R=1.28; 95% Cl 0.95 to 1.71), comorbid chronic kidney
disease (aOR=1.26; 95% Cl 1.03 to 1.55) and history of
TB (aOR=2.08; 95% Cl 1.19 to 3.63)). The presence of
BCG scar was protective (aOR=0.66; 95% CI 0.51 to 0.85).
Duration of diabetes and poor glycaemic control were
unrelated to the risk of LTBI.

Conclusion There was a moderately increased risk of
LTBI in patients with diabetes from this high TB incidence
area. This finding suggests LTBI screening for the diabetics
be combined with other risk factors and comorbidities

of TB to better identify high-risk groups and improve the
efficacy of targeted screening for LTBI.

BACKGROUND

The co-occurrence of diabetes mellitus (DM)
and tuberculosis (TB) cannot be overem-
phasised because of the high prevalence
of each disease throughout the world.'
Previous studies found that DM affects TB
disease presentation, leads to poor treat-
ment outcomes and increases the risk for

Strengths and limitations of this study

» The strengths of this study are the adoption of strin-
gent diagnostic criteria for diabetes mellitus (DM)
and comprehensiveness of information obtained
from community-based programmes.

» Protection of BCG vaccination, remote tuberculosis
(TB) infection and other important potential con-
founding variables were controlled for assessing the
DM-latent TB infection association.

» The study limitations are the reduced sensitivity
of the QuantiFERON-TB Gold In-Tube and tubercu-
lin skin test in elderly diabetics and better general
health status among the DM group.

active TB." * The recently published WHO
guideline recommends screening for active
TB with DM,3 but it remains elusive whether
screening and treatment of latent TB infec-
tions (LTBI) should be prioritised to target
individuals with DM.' *°

There is only limited information on the
LTBI status of patients with DM. Most of
antecedentrelevant studies were in low TB
incidence countries’ or based on selected
population by identifying DM in high-risk
populations, such as TB contacts, immuno-
compromised patients with comorbid DM or
crisis-affected people.® The results of these
studies are also inconsistent, mainly due to
the different methods used to ascertain DM
status (eg, self-report, medical records or labo-
ratory testing) and differences in the control
of potentially important confounders."

In high TB incidence areas, where most of
TB infection occurred at young age before
the onset of DM,? the temporal relationship
between DM and TB infection is different
from that in low-incidence areas (figure 1A,B

BM)

Lin C-H, et al. BMJ Open 2019;9:2029948. doi:10.1136/bmjopen-2019-029948 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-1091-387X
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-029948&domain=pdf&date_stamp=2019-010-24

A

Susceptible pre-existing

Onset of DM

| ® -

LTBI

Onset of DM

B

diseases

g—e @ ® T8
Susceptible ,| Pre i 1 » Re-infection .
LTBI diseases
C Onset of DM
. 1 @ Primary @ TB
Susceptible ] i )
infection diseases

Figure 1

Possible temporal relationships between the onset of DM and the occurrence of TB infection. Circled letters

indicate times when DM could possibly affect the pathogenesis of TB (i, increased susceptibility to TB infection; p, accelerated
progression from infection to clinical disease). (A) Onset of DM with a pre-existing latent TB infection (LTBI). (B) Onset of DM
with a pre-existing LTBI, but before reinfection. (C) Onset of DM before the primary TB infection. DM, diabetes mellitus; TB,

tuberculosis.

and C).° This temporal characteristic may lead to non-dif-
ferential misclassification of DM-related TB infection in
cross-sectional studies and therefore bias the association
towards the null (figure 1A).° It is also worth noting that
BCG vaccine is widely used in high-burden TB countries
for childhood immunisation against TB. Recent studies
found BCG vaccine has a protective effect against TB
infection in children® and can even last into adulthood."’
Although several research have been devoted to assess-
ment of DM-LTBI association, rather less attention has
been paid to confounding from the protection conferred
by BCG vaccination in settings where coverage of BCG
vaccination in study subjects was high.

In this study, using data from community-based
programmes in an area with a high incidence of TB and a
high coverage of BCG vaccination, we assessed the overall
risk of LTBI in people with and without DM by care-
fully controlling for potential confounders, specifically
including BCG vaccination, risk of remote TB infection,
comorbidities, important lifestyle factors and DM severity.

METHODS

We conducted a community-based study that comprised
DM and non-DM subjects by combining two communi-
ty-based programmes to investigate the effect of DM on
risk of LTBI in Changhua, a county in Taiwan with a TB
incidence of 58.7 per 100000 and a BCG vaccination
coverage of around 99% in 2012." The first programme
recruited the DM group from patients registered in the
Changhua Diabetes Shared Care (CHDSC) programme'?

to participate in the LTBI survey. The second recruited
the community comparison (CC) group from participants
of a community-based LTBI screening programme."” Due
to the lack of a gold standard test for LTBI, the tuber-
culin skin test (TST) was used in parallel with the inter-
feron-gamma release assay (IGRA).

DM group

Nearly 60% of patients with DM in Changhua were
enrolled in the national diabetes disease management
programme (DDMP) and registered in the CHDSC.'"
These enrollees were suitable to be included as the study
subjects, because their DM status had been ascertained by
certified physicians who provided diabetes care according
to national guidelines. We prospectively invited all those
registered DM cases aged older than 40 years when they
presented to outpatient diabetes clinics of the Changhua
Christian Healthcare System (CCHS) or 13 nearby health
centres in the surrounding townships from 1 April 2013 to
31 December 2013. CCHS comprises one medical centre
and three branch hospitals, distributed evenly at different
locations of the county, and covers urban and rural areas.
Thus, the participants of this study were a representative
sample of the total DM population.

All study subjects were screened for pulmonary TB
based on respiratory symptoms and chest X-rays on entry
into the study. Suspected cases submitted sputum spec-
imens for acid-fast bacilli smears and culture. The diag-
nosis of TB was confirmed by chest specialists. Subjects
were excluded if they had active pulmonary TB, a life
expectancy of less than 2 years, metastatic cancer or
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organ failure (eg, severe liver disease (Child-Pugh class B
or C)) except chronic renal failure. The included eligible
DM cases then received a TST and IGRA for detection of
LTBI

Community comparison group

The Changhua Community-based Integrated Screening
(CHCIS) programme, which began in 2005, screens
for neoplastic and non-neoplastic diseases (including
DM and pulmonary TB)."” The method used to screen
for pulmonary TB was the same as that used in the DM
group. We invited all consecutive attendees of the CHCIS
programme within the major catchment area of the
CCHS to participate in LTBI screening on 1 May 2011.
Participants with known DM or newly screened DM (ie,
fasting plasma glucose 2126 mg/dL) were excluded.

Tests for LTBI

Venous blood was collected for the QuantiFERON-TB
Gold In-Tube test (QFI-GIT; Cellestis, Carnegie,
Australia), which was performed in two stages, according
to the manufacturer’s instructions. The cut-off for a posi-
tive result was 0.351U/mL. The reactions of a nil control
and a mitogen control were within the range provided
by the manufacturer. After collection of blood samples
for QFT-GIT, trained nurses administered the TST using
2 tuberculin units of purified protein derivative RT23
(Statens Serum Institut, Copenhagen, Denmark) by the
Mantoux method, and inspected the presence of BCG
scars. Tuberculin indurations were measured 48-72 hours
after injection using the palpation method, and a diam-
eter of 10mm or more was defined as positive. All TST
procedures followed the national guidelines issued by the
Centers for Disease Control of Taiwan."*

Data collection

We examined the DDMP database, and abstracted demo-
graphic data and information on DM care in the same year
when each subject was recruited. This included duration
of DM, glycated haemoglobin (HbAlc), blood pressure,
lipid profile, renal function and other related cardiovas-
cular disease risk factors. We also linked individual data
with the TB registry at the local health authority to assess
whether each study subject had a history of TB or contact
with TB.

Statistical analysis

Although both TST and IGRA indicate a cellular
immune response to Mycobacterium tuberculosis and are
useful for the diagnosis of LTBI, the two tests identi-
fied different population with distinct immunological
processes.'” Substantial discordance of TST and IGRA
has been found in previous studies.'” '® Nevertheless,
IGRA has a dose-response relationship with recent TB
exposure and it wanes rapidly.”” '° It may be better than
TST at detecting recent rather than remote TB infection.
Thus, we used the result of the QFT-GIT as a surrogate
of LTBI status to estimate univariate ORs and 95% CIs
using a logistic regression model. Variables that met p

values less than 0.2 at univariable analysis were retained
for the multivariable model, which also incorporated
standard sociodemographic variables such as age and
gender. The multivariable model was fitted to generate
adjusted ORs (aOR) of the association between LTBI and
DM by comparing the DM group with the CC group and
adjusting for other independent variables, including age,
gender, BCG scar, smoking, history of TB, contact with
TB and comorbid chronic kidney disease (CKD), and so
on.

Since tuberculin reactivity was known to represent the
cumulative effect of previous TB infection, we further
included the TST results in the models in attempt to
control the confounding of remote TB infection (ie, TB
infection acquired at young age before the onset of DM,
figure 1A). All analyses were conducted using SAS V.9.3
(SAS Institute).

Patient and public involvement

Patients and/or the public were not involved in this
study. There are no plans to disseminate the results of the
research to study participants.

RESULTS

Characteristics of participants

We ultimately enrolled 2948 patients in the DM group
and 453 non-DM subjects in CC group, and included all
of these individuals in the final analysis (figure 2). The
mean duration of DM in the DM group was 9.0 years
(SD=6.6) and nearly half of these patients achieved good
glycaemic control (ie, HbAlc <7%) (table 1). The DM
group had a greater mean age, higher percentages of
males and smokers, greater prevalences of obesity, CKD
and history of TB. The DM group also had a greater prev-
alence of tuberculin reactivity (Z15mm) and of QFT-GIT
positivity, and a higher proportion of indeterminate
results (table 1).

TST and QFT-GIT results

The presence of BCG scars had no effect on the tuber-
culin reactivity of the DM group (figure 3A). TST posi-
tivity decreased with age, and was higher in the DM group
than the CC group, except among the elderly (60+ years).
Figure 3B shows that QFI-GIT positivity of DM group was
highest among those with no BCG scars, and that posi-
tivity declined dramatically in those more than 60 years
old. In contrast, the rate of QFI-GIT positivity in those
with BCG scars gradually increased with age. For each
age group, there was an inverse correlation between the
number of BCG scars and QFI-GIT positivity. Individuals
in the CC group with BCG scars had the lowest QFT-GIT
positivity, but elderly individuals from the CC group (age
70+) had the highest QFT-GIT positivity. Generally, the
concordance between the TST and QFI-GIT was low
(online supplementary table 1).
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A DM group

Participants with
signed informed
consent
n=23114
Dropped out from the study after
signed the informed consent form
1 n =105
Screened
population for
LTBI
n = 3009
Incomplete tests or not return for
TST reading n = 43
v
Completed TST
and IGRA
n = 2966 excluded n = 18
o Liver cirrhosisn =6
¢ Haemodialysisn =5
e Cancern=4
v e Active TBn=2
Analysed o Younger than 40 years n = 1
population
n = 2948

B Community comparison group

Participants of
CHCIS in
Changhua city
n=618
v
Screened
population for
LTBI
n =500
Incomplete tests or not return for
TST readingn =4
v
Completed
TST and IGRA
n =496
excluded n = 44
e Active TBn=1
o diabetes (with a past history of
DM or newly diagnosed DM)
v
n=43
Analyzed
population
n =453

Figure 2 Patient selection and enrolment in the DM group (A) and the community comparison (CC) group (B). CHCIS,
Changhua Community-based Integrated Screening programme; DM, diabetes mellitus; IGRA, interferon-gamma release assay;
LTBI, latent tuberculosis infection; TB, tuberculosis; TST, tuberculin skin test.

Effect of DM and other factors on risk of LTBI
Multivariate regression analysis indicates DM significantly
increased the risk of LTBI after controlling for major
confounders (aOR=1.67; 95% CI 1.18 to 2.38). This risk
was similar after adjustment for tuberculin reactivity
(aOR=1.59; 95% CI 1.11 to 2.28). In addition, the pres-
ence of LTBIs increased with age. For age older than 70
years, TST adjustment had a marked effect and changed
its aOR from 4.27 (95% CI 2.83 to 6.44) to 2.98 (95% CI
2.00 to 4.44). Other variables, such as current smoking,
CKD and history of TB, were also significant risk factors
for LTBI, and their effects were similar with or without
adjustment for tuberculin reactivity. Notably, the pres-
ence of a BCG scar had a significantly protective effect on
LTBI (aOR=0.66; 95% CI 0.51 to 0.85) (table 2).
Comorbidities, such as hyperlipidaemia, hypertension
and abnormal body mass index (BMI), had no signifi-
cant associations with LTBI. We further investigated the
effect of long-duration DM and poor glycaemic control
by dividing the DM group into four subgroups according
to duration of DM and HbAlc level, and then compared
the risk of LTBI of these different subgroups, using the
CC group as a reference. All of the DM subgroups had
similar risks for LTBI. This indicates that long duration of
DM and poor glycaemic control had no effect on the risk
of LTBI (online supplementary table 2).

DISCUSSION

Very few studies have examined the effect of DM on the
risk of LTBI in high TB incidence areas and simultane-
ously taken into account confounding effects resulting
from protection of BCG vaccination and remote TB infec-
tion. To our best knowledge, this is the first study of this
kind. The key strengths of this study included adoption
of stringent diagnostic criteria for DM and comprehen-
siveness of information obtained from community-based
programmes, which enabled thorough adjustment for
important potential confounding variables. Our multivar-
iate analysis indicated that DM had a positive association
with risk of LTBI (aOR: 1.59; 95% CI 1.11 to 2.28). This
finding has profound implications.

A recent systematic review concluded the pooled OR
estimate for DM on risk of LTBI was 1.18 (95% CI 1.06
to 1.30).° Reasons for the different results from our study
could be related to differences in the populations studied,
methods for pooling results from distinct measurements
for LTBI (ie, TST vs IGRA), ascertainment of diabetes
status by self-reports or medical records and lack of
control for several major confounders. By contrast, a
recently published population-based study in the USA,
a country where BCG is not generally recommended for
use, using similar diagnostic criteria as this study, showed
DM was associated with LTBI with aOR 1.5 (95% CI 1.0 to
2.2),” very similar to our finding.

Although there is abundant evidence on the positive
association of DM and active TB, it is uncertain whether

Lin C-H, et al. BMJ Open 2019;9:2029948. doi:10.1136/bmjopen-2019-029948


https://dx.doi.org/10.1136/bmjopen-2019-029948

Table 1 Characteristics of the DM group and the
community comparison (CC) group

Table 1 Continued

DM group CC group
(n=2948) (n=453) P value
<5 1077 (36.5%)
>5 1871 (63.5%)
HbA1c
Mean (SD) 7.4 (1.5)
<7% 1400 (47.5%)
7% 1548 (52.5%)
Unknown 6 (0.2%)
TST positive (mm)
>5 2280 (77.3%) 350 (77.3%) 0.9895
<5 668 (22.7%) 103 (22.7%)
>10 1665 (56.5%) 251 (55.4%) 0.6974
<10 1283 (43.5%) 202 (44.6%)
>15 890 (30.2%) 112 (24.7%) 0.0211
<15 2058 (69.8%) 341 (75.3%)
QFT-GIT
Positive 623 (21.1%) 44 (9.7%) <0.001
Negative 2144 (72.7%) 406 (89.6%)
Indeterminate 181 (6.1%) 3 (0.7%)

DM group CC group
(n=2948) (n=453) P value
Age (years)
Mean (SD) 61.5(9.3) 51.3 (10.5) <0.001
<50 304 (10.3%) 209(46.1%)
50-59 918 (31.1%) 137 (30.2%) <0.001
60-69 1123 (38.1%) 91 (20.1%)
>70 603 (20.5%) 16 (3.5%)
Sex
Male 1468 (49.8%) 109 (24.1%) <0.001
Female 1480 (50.2%) 344 (75.9%)
History of TB
Yes 61 (2.1%) 4 (0.9%) 0.0852
No 2887 (97.9%) 449 (99.1%)
History of contact with
B
Yes 115 (3.9%) 65 (14.3%) <0.001
No 2283 (77.4%) 388 (85.7%)
Unknown 550 (18.7%) 0 (0.0%)
BCG scar
Yes 2436 (82.6%) 440 (97.1%)
1 scar 1481 (50.2%) <0.001
2 scars 934 (31.7%)
>2 scars 21 (0.7%)
No 502 (17.0%) 13 (2.9%)
Unknown 10 (0.3%)
BMI (kg/m?)
Underweight (<18.5) 50 (1.7%) 7 (1.5%)
Normal (18.5-24.9) 1175 (39.9%) 274 (60.5%) <0-001
Overweight (25-29.9) 1265 (42.9%) 149 (32.9%)
Obese (>30) 458 (15.5%) 23 (5.1%)
Smoking status
Current 433 (14.7%) 31 (6.8%)
Quit 434 (147%) 34(75%)  <0-001
Never 2081 (70.6%) 388 (85.7%)
Triglycerides (mg/dL)
<150 1962 (66.6%) 371 (81.9%) <0.001
>150 986 (33.4%) 82 (18.1%)
HDL-C*
Low 1336 (45.3%) 299 (66%) <0.001
Ideal 1612 (54.7%) 154 (34%)
CKDTt
Yes 948 (32.2%) 57 (12.6%) <0.001
No 1941 (65.8%) 375 (82.8%)
Unknown 59 (2.0%) 21 (4.6%)
Duration of diabetes
(years)
Mean (SD) 9 (6.6)
Continued

Bold values denote statistical significance at the p < 0.05 level.

*Low HDL-C: <40mg/dL (males) and <50 mg/dL (females).

TCKD was assessed by the Modification of Diet in Renal Disease
(MDRD) study equation using the estimated glomerular filtration rate
(eGFR).

BMI, body mass index;CKD, chronic kidney disease; DB, diabetes
mellitus; HbA1c, glycated haemoglobin; HDL-C, high-density
lipoprotein cholesterol; QFT-GIT, QuantiFERON-TB Gold In-Tube; TB,
tuberculosis; TST, tuberculin skin test.

DM increases the susceptibility to TB infection or accel-
erates the progression from infection to clinical disease
(figure 1).15 More recent studies found DM increased the
risk of active TB disease with aORs ranging from 1.3 to
2.6, or no significant effect at all.'”'? The strength of the
association of DM and LTBI in our study was comparable
to these estimates, and was particularly close to the results
of Pealing et al; like our study, Pealing et al also examined
patients with DM under chronic disease management.'
The observations above provide indirect evidence that
increased susceptibility to TB infection might play a major
contributory role in the occurrence of active TB in the
diabetics. However, we must be cautious in this interpre-
tation, because most new infections among LTBI subjects
are attributable to reinfection in high TB incidence areas
(figure 1B). In such cases, LTBI is associated with a signifi-
cantly lower risk of progressive TB relative to primary
infection (incidence rate ratio, 0.21).20 Consequently, the
effect of DM on TB still depends on the extent to which
the negative impact of DM on the immune response over-
rides the presumably immunoprotective effect provided
by pre-existing LTBI.

Since DM is a progressive disease, longer diabetes dura-
tion was found to be a major predictor of DM-related
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Figure 3 Tuberculin skin test (TST) positivity (A) and
interferon-gamma release assay (IGRA) positivity (B) in

the diabetes mellitus group (DMG) and the community
comparison group (CCG) according to age and BCG scar
status. A tuberculin induration size of 10mm was used as the
cut-off point for both groups. QFT, QuantiFERON-TB Gold
In-Tube.

complications and death, independent of glycaemic
control.?! An earlier study also revealed the risk of devel-
oping TB disease increased among those with increasing
diabetes severity.” Thus, in this study, we investigated
the combined effect of longer duration of DM and poor
glycaemic control (online supplementary table 2). We
found they did not affect the risk of LTBI. While associ-
ation between glycaemic control and risk of TB was not
observed either in other research targeting patients with
long-established DM,17 19 there have been several studies
on cases of pre-diabetes or untreated early diabetes
supported the hypothesis.1 57 Patients with diabetes with
poor glycaemic control and longer disease duration tend
to have a smaller social network and less contact with
their family members or friends.”** This may reduce the
opportunity of social contact with TB cases and trumped
the risk for recent TB infection.

Many of the subjects with DM in the present study
also smoked (14.7%), had abnormal BMIs (overweight
and obese, 58.4%; underweight, 1.7%), CKD (32.2%),
history of TB (2.1%) and advanced age (58.6% older
than 60 years), and these may also be the risk factors
for TB.***® We found that each factor alone had only
a mild to moderate association with LTBI (table 2)
after adjustment of BCG protection. However, when an
individual has all of these other factors as well as DM,
there may be a particularly high risk of LTBI, especially
in those who are elderly. For example, male patients
with DM older than 60 years who smoke have an aOR
of LTBI up to 6.7 (derived by summation of the esti-
mated regression coefficients). Conventional targeted
screening for LTBI mostly focuses on host variables and
the environment, such as infectiousness of index cases
and contact patterns, but seldom consider the effects of
multiple factors simultaneously.?” ** Our results under-
score the necessity of incorporating DM, BCG, TST
results, related risk factors and comorbidities to develop
a composite scoring system that improves the efficacy of
LTBI screening programmes.

There are some limitations in our study. First, although
the in vivo TST and ex vivo IGRAs are the only two
methods available for diagnosing LTBI, there is concern
that immune dysfunction in DM may compromise the
performance of these tests.” Reduced sensitivity of the
QFT-GIT and TST in elderly diabetics (figure 3A,B) may
lead to false negatives, and therefore underestimate the
effect of DM. Second, all patients with DM were enrolled
from the DDMP, an intervention designed to facilitate
lifestyle modification in patients with DM.'* Thus, these
study subjects may have better general health status, and
hence lower risk of TB infection, than patients with DM
from the general population.'” Third, the differences in
the characteristics of the DM group and the CC group
suggested selection bias existed between the two groups.
Some unmeasured confounders, such as the exposure
of TB related to social environment and socioeconomic
status, may have biased our estimation of effect of DM on
risk of LTBI.

The comorbidity of TB and DM is due to the interac-
tion between DM-impaired immunity and the occurrence
of active TB by endogenous reactivation (figure 1A)
or exogenous new or reinfection (figure 1B,C)." > This
process is further complicated by the protection conferred
from BCG vaccination, remote TB infection, social envi-
ronment, the coexistence of multiple non-communi-
cable risk factors and other related comorbidities and
complications.” ** * We tried to control for all possible
confounders, but this remains challenging due to the lack
of a gold standard for diagnosis of LTBI and the presence
of only limited tools to identify patients with DM who
have the greatest risk of progressing to active TB. More
studies are therefore required to identify the predictive
value for progression to active TB based on IGRA and/
or TST results in patients with DM. There is an ongoing
longitudinal study of the present study cohort.

Lin C-H, et al. BMJ Open 2019;9:2029948. doi:10.1136/bmjopen-2019-029948


https://dx.doi.org/10.1136/bmjopen-2019-029948

Table 2 Multivariable logistic regression analysis of factors associated with LTBI by comparing the DM group with the

community comparison group (n=3217)

Variable Crude OR (95% CI)

aOR1 (95% Cl)

aOR2 (95% Cl)

DM 2.68 (1.94 to 3.71)

TST 10+ 3.66 (2.99 to 4.49)
BCG scar

No Reference

Yes 0.51 (0.41 to 0.63)
Age (years)

<50 Reference

50-59 1.98 (1.42 to 2.76)

60-69 2.52 (1.83 to 3.49)

>70 4.07 (2.89 to 5.71)
Male 1.41 (1.19 to 1.68)
Smoking status

Never Reference

Current 1.54 (1.22 to 1.95)

Quit 1.00 (0.77 to 1.29)

Chronic kidney disease
History of TB
TB contact

1.56 (1.31 to 1.87)
2.95 (1.78 to 4.89)
0.75 (0.50 to 1.13)

1.67 (1.18 to 2.38)

Reference
0.73 (0.57 to 0.93)

Reference

1.86 (1.30 to 2.65)
2.25 (1.58 to 3.20)
2.98 (2.00 to 4.44)
1.22 (0.98 to 1.52)

Reference
1.49 (1.13t0 1.97
0.87 (0.64 to 1.17

1.59 (1.11 to 2.28)
4.56 (3.67 to 5.66)

Reference
0.66 (0.51 to 0.85)

Reference

2.12 (1.48 to 3.05)
2.77 (1.98 to 3.97)
4.27 (2.83 to 6.44)
1.12 (0.89 to 1.41)

Reference

1.28 (0.95 to 1.71)
0.82 (0.60 to 1.11)
1.26 (1.03 to 1.55)
2.08 (1.19 to 3.63)

)
)
1.17 (0.96 to0 1.42)
)
0.92 (0.60 to 1.40)

(
(

2.17 (1.28 to 3.68
( 0.86 (0.55 to 1.33)

The aOR of DM has been adjusted for age, gender, smoking status, chronic kidney disease, history of TB and TB contact in this multivariable

logistic regression model.

aOR, adjusted OR;aOR1, adjusted OR without adjustment of TST results; aOR2, adjusted OR with adjustment of TST results.; DM, diabetes
mellitus; LTBI, latent TB infection; TB, tuberculosis; TST 10+, tuberculin skin test >10 mm result.

CONCLUSION

In conclusion, our study demonstrated a 1.59-fold
increased risk of LTBI in patients with DM from a
geographic area that has a high incidence of TB. This
finding suggests that practitioners should incorporate
BCG vaccination, comorbidities and other coexisting risk
factors, in addition to DM, to better identify high-risk
groups and enhance the efficacy of targeted screening
for LTBI.
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