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ABSTRACT
Background: The double burden of tuberculosis (TB) and diabetes mellitus (DM) is hitting
certain Asian countries harder than other areas. In a global estimate, 15% of all TB cases could
be attributable to DM, with 40% of those cases coming from India and China. Many other
countries of South, East, and South-East Asia are of particular concern given their TB burdens,
large projected increases in DM prevalence, and population size.
Objective: In this narrative review, we aimed to: (i) give an overall insight into the evidence
on TB-DM epidemiology from high double burden Asian countries, (ii) present the evidence
on bi-directional screening implementation in this region, (iii) discuss possible factors related
to higher TB susceptibility of Asian diabetic patients, and (iv) identify TB-DM comorbidity
treatment challenges.
Methods: The PubMed and Google Scholar databases were searched for all studies addres-
sing DM/TB epidemiology, bi-directional screening and management in South, East and
South-East Asia.
Results: We identified the DMprevalences among TB patients as ranging from approximately 5%
to more than 50%, whereas TB prevalences among diabetic patients were 1.8–9.5 times higher
than in the general population in developing Asian countries. Evidence from studies designed to
address diagnosis and treatment of the dual disease in these critical regions is scarce as well as
the evidence related to possible DM patients’ genetic and acquired predisposition for TB.
Conclusion: More prospective studies specifically designed to address adequate screening
techniques, identify patients at risk, and define an adequate treatment of dual disease in this
region are needed without delay.
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Background

Diabetes mellitus (DM) is a serious lifelong disease
that has been increasing in prevalence year after year.
In 2012 alone, it caused 1.5 million deaths worldwide.
The global prevalence has risen from 4.7% to 8.5%
since the 1980s, and it was estimated that 422 million
of adults were living with DM in 2014 [1]. This
increase has been due to the accelerated rise of DM
in low- and middle-income countries rather than in
high-income countries [1]. By 2030, it is estimated
that approximately 552 million people will be affected
by the disease [1]. A national survey study from 2007
to 2008 reported that DM had reached epidemic
proportions in China with a prevalence of 9.7% [2].

In contrast to DM, tuberculosis (TB) incidence
has been decreasing by an average of 1.5% per
year since 2000, to a current level 18% lower
than the incidence reported in 2000. However,
TB remains one of the world’s biggest threats. In
2014 alone, 1.5 million people died from TB and
another 9.6 million are speculated to have fallen

sick [3]. Of these, Indonesia and China had the
largest number of cases [3]. In addition, there is
an even more unsettling problem – multidrug-
resistant TB (MDR-TB). These statistics, along
with worsening of TB through comorbidities
such as HIV and DM, jeopardize the global objec-
tive of ending TB by 2030 and achieving its elim-
ination by 2050 [3,4].

Worldwide, there are an estimated 9.6 million new
patients with active TB annually [3] and of them, 1
million have both TB and DM (TB-DM) [5]. In the
current scenario, the number of patients with TB-DM
comorbidity is higher than the number of patients with
TB-HIV co-infection around the world [6]. This is extre-
melyworrying, as highlighted in a review byHarries et al.:

The response to the growing HIV-associated TB
epidemic in the 1980s and 1990s was slow and
uncoordinated, despite clearly articulated warnings
about the scale of the forthcoming problem. We
must not make the same mistake with diabetes and
TB [7].
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China has one of the highest TB burdens in the
world, including its multidrug resistant forms, along
with a growing diabetic population. In China, there
are around 1.5 million new TB cases and 270,000 TB
deaths each year [8]. China accounts for almost 17%
of the world’s burden of TB, and it also has a very
large burden of DM with nearly 100 million people
affected [8]. In India, in 2011, there were 61.3 million
people living with DM. This country also has 1.98
million people developing TB and almost 300,000
people dying of it each year [9]. In Indonesia, every
year, 450,000 new TB cases occur resulting in 64,000
TB deaths. Moreover, Indonesia is ranked number 6
in terms of DM cases in the world [10].

Even though awareness about the possible conse-
quences of the dual disease now exists in almost all
Asian countries with a high TB-DM burden, there are
still many questions to be addressed. This review
gives a global overview of epidemiological researches
related to TB-DM comorbidity, placing special atten-
tion on the TB-DM epidemic in developing Asian
countries. It also addresses the question of the sus-
ceptibility of Asian diabetic patients to develop TB,
provides an insight into the current TB-DM care
challenges, and reviews the status of bi-directional
screening implementation in Asian countries.

Methods

The PubMed and Google Scholar databases were
searched using the following English-language
terms: ‘tuberculosis’ and ‘diabetes’ and/or ‘south east
Asia’ and/or ‘south Asia’ and/or ‘east Asia’ or the
following countries, ‘Afghanistan,’ ‘Bangladesh,’
‘Cambodia,’ ‘China,’ ‘India,’ ‘Indonesia,’ ‘Korea,’
‘Laos,’ ‘Malaysia,’ ‘Nepal,’ ‘Pakistan,’ ‘Singapore,’ ‘Sri
Lanka,’ ‘Thailand,’ or ‘Vietnam.’ All studies for which
there was access to the abstract and that had a prin-
cipal hypothesis related to both diseases and/or any
study of TB patients that reported individual data on
DM, or vice versa, were included. Articles written in
the English language were included and were grouped
by country of origin. A priori topics of interest
included regional DM/TB epidemiology, bi-direc-
tional screening and management strategies.
Additionally, we selected large cohort TB-DM studies
or reviews from other regions of the world to give an
overall insight into the global TB-DM epidemiologi-
cal situation. We also searched the available literature
for the specific characteristics of DM in Asian popu-
lations and their potential role in increased suscept-
ibility to M. tuberculosis infection.

Results and Discussion

Global TB-DM burden

In the last decade, a rapidly growing epidemic of
DM in low- and middle-income countries and a
slower than expected decline in global TB incidence
rates have raised serious concerns [11]. In the
Middle East, for example, the TB prevalence rate
in 2010 was as low as 6.2 per 100,000 people in the
United Arab Emirates, 71 per 100,000 people in
Yemen, 51 per 100,000 people in Kuwait, and 23
per 100,000 people in Saudi Arabia and Iran [12].
However, with growing DM prevalence in these
countries and a great number of expatriate workers
coming from countries with a high prevalence of
TB, TB-DM comorbidity has become a serious
issue. In 2015, a systematic review identified 59
studies on DM and TB from 10 Middle East coun-
tries [13]. The prevalence of TB-DM comorbidity
was very variable among studies (from 4.2% in Iran
to 60% in Yemen). In Africa, DM prevalence
among TB patients also varies greatly between
studies (3.35–16.4%) [14–17]. HIV co-infection,
age (older than 45), overweight, and being male
were identified as predictive factors for TB-DM
association [16,17]. There is also a high prevalence
of TB in children and adolescents with DM1 in
South Africa [18]. The studies that have evaluated
the prevalence of TB-DM comorbidity in Hispanic
populations all came to the same general conclu-
sion: in this population, people affected by DM
have 3 times the chance of developing TB compared
to the non-diabetic population [6,19,20].

Even in developed countries, where TB is often
largely controlled, a TB-DM association has been
postulated, although the results also vary to a great
degree. A cohort of 5,849 TB patients from Barcelona
recruited between 2000 and 2013 reported that DM
prevalence ranged from 4% to 7.2% each year [21]. In
2006, Jick et al. conducted a case-control study in the
United Kingdom finding that the adjusted odd ratio
(OR) of TB was 3.8 for patients with history of DM
(p < 0.05), and confirming that DM is an indepen-
dent risk factor for TB [22]. However, a case-control
study from Denmark, as well as various studies from
Australia and the US, found only modestly increased
TB risk estimates associated with DM [23–25]. The
prevalence of DM among TB patients in Japan is
higher than in other developed countries (13.1%),
probably due to the fact that Japan has a significantly
larger elderly population, compared to that in the UK
or the US (23% compared to 16% and 12%, respec-
tively) [26].
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Quantitative estimate of DM cases among active
TB patients in developing Asian countries

In a global estimate, it was found that out of all TB
cases, 15% could be attributable to DM, with 40% of
those cases coming from India and China [5].

Our search identified 33 studies on DM-TB epide-
miology, representing 11 separate countries. A total of
27 studies addressed DM quantitative estimates among
TB patients, whereas 6 studies addressed TB quantita-
tive estimates in diabetic individuals. India contributed
the most studies [8]. No published studies were found
from Afghanistan, Laos, Cambodia, and Singapore.

Out of 27 studies that addressed DM prevalence in
TB patients, 13 were cross-sectional, 10 were prospec-
tive cohort studies comparing DM/TB to non-DM/
TB patients, 2 studies had case-control design, and
the remainder were retrospective studies evaluating
the demographic and clinical characteristics of TB-
infected patients.

India leads the region with regard to DM preva-
lence among TB patients (in one study, as many as
54.1% of all TB patients were reported to have DM).
DM prevalence among TB patients from studies
included in this review varies from 6.3% to 54.1%
(Table 1).

Quantitative estimate of active TB cases among
DM patients in developing Asian countries

The prevalence of TB is 4 times greater in the DM
population than in the general population
[14,35,55]. Our study identified 6 studies that
addressed quantitative estimates of active TB in
diabetic individuals – 2 from China and 1 from
each of the following countries: Bangladesh,
Korea, Nepal, and Pakistan.

A prospective study conducted in Dhaka,
Bangladesh in 2011 included 17,344 DM patients
screened for pulmonary TB and found that the
incidence of confirmed TB cases among DM
patients was double the one observed in the general

population (213.33/100,000) [56]. In China, TB case
notification rates in screened DM patients were
several times higher than those of the general
population (774/100,000) [57]. In another prospec-
tive study conducted in China, the rate of TB
diagnosis was almost 3 times higher than that
found in the general population in Yunnan pro-
vince [58].

A large prospective study carried out in Korea in a
cohort of 331,601 DM patients showed TB case notifi-
cation rates of 180 per 100,000 during a 3-year follow-
up [59], whereas a small cross-sectional study con-
ducted in Nepal showed that 8 out of 100 DM patients
were positive for pulmonary TB [60]. A retrospective
study conducted in Pakistan found that the prevalence
of TB in diabetic patients was 11.9%, 10 times higher
than in non-diabetic patients (1.7%, p < 0.05) [61].

Bi-directional screening in Asian countries
with high TB-DM burden

Since India and China represent countries with some
of the highest burdens of DM-TB in the world, the
International Union Against Tuberculosis and Lung
Disease (the Union) launched a project aiming to
investigate the links between DM and TB through
the implementation of bi-directional screening in
selected health facilities in India and China.
National stakeholder meetings between the Union,
the World Health Organization (WHO), the World
Diabetes Foundation (WDF), and national DM and
TB authorities were held in China and India and
standardized procedures of screening DM patients
for TB and vice versa, a monitoring tool, and a
quarterly system of reporting were developed. Forty
health care providers from China and India were
trained in bi-directional screening of DM and TB,
data analysis, and writing scientific papers on DM
and TB. In China, the implementation of the bi-
directional screening programme started in
September 2011 [32,57].

Table 1. Diabetes mellitus and tuberculosis epidemiology and country-specific citations

Country
Estimated TB prevalence as the rate per

100,000 population (range) [27]

Estimated DM prevalence as a
percentage of the total population

aged 20–79 years [28]
Percentage of DM prevalence among TB

patients from studies included in this review

Bangladesh 404 (211–659) 8.3 37 (29)
China 89 (78–102) 9.8 5.05 (30), 6.3 (31), 12.4 (32), 16.2 (33), 19.9 (34),

27.9 (35)
India 195 (131–271) 9.3 14.7 (20), 14 (36), 25 (37), 25.3 (38), 29 (39), 33

(40), 35.5 (41), 54.1 (42)
Indonesia 647 (513–797) 6.5 13.2 (43), 14.8 (44)
Democratic People’s
Republic of Korea

552 (150–1210) 4.4 20 (45)

Malaysia 135 (63–232) 17.9 17.7 (46), 28.5 (47), 30 (48)
Nepal 215 (102–369) 3.7 9.1 (49)
Pakistan 341 (285–402) 8.1 25.9 (50)
Sri Lanka 99 (51–164) 8.0 9 (51)
Thailand 236 (161–326) 7.1 16.3 (52), 23 (53)
Vietnam 198 (83–362) 6.0 8.8 (54)
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Our search identified 4 studies that specifically
addressed bi-directional screening in patients with
TB-DM comorbidity (Table 2).

The Union is currently carrying out several pro-
jects similar to the one completed in India and China,
aiming to develop primary care settings guidelines for
screening of DM in TB patients and vice versa, and to
train a great number of health care professionals for
systemic screening. Such projects are ongoing in
Pakistan and Indonesia.

Although it is obvious that bi-directional screening
is highly needed in countries with TB-DM comorbid-
ity, there are still many strategic issues to be resolved.
One of the most important issues in developing
countries is the cost-effectiveness of the screening.
India and China are countries with a very high TB
prevalence, but a large proportion of TB cases dis-
covered in the studies in India and China were
already diagnosed and on treatment prior to screen-
ing [64]. Thus, the cost-effectiveness of this approach
has to be cautiously assessed. Furthermore, it is
unclear whether screening should be directed at all
patients or targeted at those with high-risk character-
istics [64]. Although there is a large amount of data
on the risk factors associated with TB-DM comorbid-
ity, they are very ambiguous and further research is
needed to identify populations at risk.

Another problem is related to the technologies for
diagnosing TB and DM in routine settings. Fasting
blood glucose testing was proved to have low sensi-
tivity, whereas oral glucose tolerance test performed
better as a screening tool when combined with
HbAc1 [42]. TB diagnostic approaches that rely on
sputum smear examination and chest radiography
have low sensitivity as well [65]. Further work is
needed to determine whether new TB and DM
screening technologies, such as rapid nucleic acid
amplification technology for TB diagnosis and auto-
fluorescence-based readers or sudomotor function
devices for DM screening, are feasible, more sensitive,
and cost-effective.

The best time to screen TB patients for DM has
not been defined either. Although screening at the
time of registration would be easiest, stress-induced
hyperglycaemia may lead to false-positive diagnoses.
On the other hand, if the screening is performed at

the end of the initial or continuation phase, the
possibility of early DM intervention or TB treatment
improvement will be lost [64].

Another issue in bi-directional screening is a lack
of non-communicable disease programme or sys-
tematic, decentralized DM programme in these coun-
tries. Hence, it is very difficult to diagnose DM
systematically, track what happens to the patient
post-DM diagnosis, or implement TB screening
among diabetic patients [64]. Given the escalating
proportions of TB-DM comorbidity in Asian coun-
tries, more evidence is urgently needed to answer
important questions about bi-directional screening
in different settings.

Sensitivity of Asian people with DM to TB

Although changes have been found in both innate
and adaptive immune responses of people with DM,
it is not clear why they are at increased risk of TB.
The mechanisms underlying this susceptibility to TB
are still in need of detailed investigation. In Asian
people, DM has certain characteristics that may make
this population more prone to TB in the presence of
DM. These characteristics are probably a result of
external (e.g. poor glycaemic control) and internal
factors (e.g. specific mechanisms of insulin resistance,
genetic susceptibility to DM).

Poor glycaemic control

Achieving optimum glycaemic control is hard in
Asian countries due to scarcity of adequate health
care facilities, low educational status, and economic
disparities. A 5-year survey, documenting changes in
diabetes practice in developing regions that included
11,799 patients out of which 5,888 were Asian,
showed that only 20–30% of patients were at the
HbA1c < 7% goal [66]. The Diabcare-Asia project, a
cross-sectional survey of 24,317 diabetic patients
from Bangladesh, China, India, Indonesia, Malaysia,
Philippines, Singapore, South Korea, Sri Lanka,
Taiwan, Thailand, and Vietnam, found that 55% of
patients had values of HbA1c exceeding 8% [67].

Poor glycaemic control in Asian populations
represents a potentially important risk factor for TB.

Table 2. Bi-directional screening in high TB-DM burden Asian countries

Country

TB prevalence among DM patients from studies
included in this review as the rate per 100,000

population

Percentage of DM prevalence among
TB patients from studies included in

this review

China
Li et al. [32,57] 300–800 12.4
India
India Diabetes Mellitus-

Tuberculosis Study
Group [62]

Prakash et al. [63]
642–956

413
13
6.2
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Restrepo and colleagues conducted one of the first
studies which revealed that persistent hyperglycaemia
could play a key role in altering the immune
responses to M. tuberculosis in diabetic patients
[68]. The study showed that poor DM control (as
indicated by HbA1c level) was associated with differ-
ences in the innate and cellular cytokine responses to
stimulation with purified protein derivative from M.
tuberculosis, thus facilitating progression to active TB
[68]. Another recent study, that recruited 4,690
elderly diabetic patients in Hong Kong, showed that
the patients with greater HbA1c value (>7%) had a
hazard risk of active TB that was 3 times increased
compared with those who had HbA1c < 7% (HR 3.11;
95% CI 1.63–5.92, p < 0.01) [69]. A cohort study with
123,546 individuals performed in Taiwan found that,
during a median follow-up period of 4.6 years, dia-
betic patients with poor glycaemic control had a sig-
nificantly higher hazard risk of TB (adjusted HR 2.21;
95% CI 1.63–2.99, p < 0.01) compared to those with-
out DM [70]. The evidence of poor glycaemic control
in Asian patients, along with the fact that poor gly-
caemic control represents an important risk factor for
TB, call for further therapeutic actions in order to
decrease TB-DM prevalence in developing Asian
countries.

Insulin resistance

A very high prevalence of insulin resistance in Asian
populations may contribute to susceptibility of this
population to TB. It is known that TB affects the
production of insulin and that it is detrimental to
insulin sensitivity [71]. Although several studies
have shown the role of insulin in cellular metabolism
and phagocytosis of M. tuberculosis, little is known
about insulin resistance as a potential risk factor for
active TB [72,73]. Chao et al. investigated the immu-
nological mechanisms underlying the susceptibility of
diabetic patients to TB [74]. They measured the level
of resistin, a protein produced by immune cells in
humans that causes insulin resistance and inhibits
reactive oxygen species (ROS) production in leuko-
cytes, and found that serum resistin levels were sig-
nificantly higher in patient groups with severe TB
and DM when compared with mild TB cases and
healthy controls. They postulated that the elevation
of serum resistin suppresses the Mycobacterium-
induced immune response, leading to ineffective con-
trol of bacterial growth [74]. In the article by Mao
et al., the authors hypothesize that functional changes
in macrophages seen in the state of insulin resistance
may increase the risk for active TB. They based their
hypothesis on data that suggested insulin signalling
may play a role in regulating the carbohydrate meta-
bolism, redox activity, and phagocytic capacity in

macrophages, that act as the first line of defence
against M. tuberculosis invasion [75].

Insulin resistance is reported even in children and
adolescents of Asian Indian origin [76]. Normally,
insulin resistance is associated with visceral and sub-
cutaneous fat content. However, characteristics of
insulin resistance such as hyperinsulinaemia and
hypertriglyceridaemia are seen even in non-obese
Asian populations, especially in Asian Indian groups
[76]. In the study of Chandalia et al., young men of
south Asian origin who did not have increased intra-
peritoneal fat mass still had insulin resistance, unlike
their white counterparts [77]. These findings suggest
that the mechanisms underlying insulin resistance in
these populations differ from those seen in white
populations. More studies are needed to discover
those mechanisms and reveal the role of insulin resis-
tance in pathogenesis of TB.

Genetic make-up

It is striking that even when they are not in their
home countries, people of Asian or Indian/subconti-
nental origin show a higher prevalence of DM in the
presence of TB than the rest of the population. A
study examining 4 ethnic groups in England – white,
black, ‘Asian’ (people from the subcontinent), and
other (which included Chinese) – found 3,461 new
cases of pulmonary TB during 2005. Of those, 384
(11.1%) were attributable to DM. The group most
affected from both diseases was that of patients of
subcontinental and Asian origin (55%). Black and
white populations were affected in almost equal pro-
portions (22% and 23%). The authors concluded that
about one-third of Asians with newly diagnosed TB
will have DM [78]. Similarly, Suwanpimolkul et al.
gathered information from a TB clinic in San
Francisco from 2005 to 2012 [79]. They recruited
791 patients with TB, of which 29.2% were born in
the US, 26.7% in Asia, 11% in Mexico, and the
remaining 33.1% were from other countries.
Calculated prevalence of DM among patients with
TB was 15.9%. Of these, 26.7% were patients of
Asian origin (China and Philippines), accounting
for the highest percentage of the non-Americans
affected by both diseases [79]. These data suggest
that there is something in the genetic make-up, or
in early childhood, which makes people from these
regions particularly sensitive to TB-DM comorbidity.

Although the possible genetic basis of high TB-
DM susceptibility in Asians remains unclear, sug-
gested genetic causes of predisposition to insulin
resistance and DM in Asians may partially explain a
higher prevalence of TB-DM in this group. Radha
et al. investigated the prevalence of the peroxisome
proliferator-activated receptor (PPAR)-gamma
Pro12Ala polymorphism (known to have a protective
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role against diabetes) in Caucasians, in a migrant
population of South Asians, and in a homogeneous
population of South Asians residing in India [80]. In
all 3 populations, the authors observed a similar pre-
valence of the 12Ala allele. However, while the fre-
quency of this allele was significantly lower in the
diabetic Caucasians when compared with the non-
diabetic Caucasians, South Asian diabetic and non-
diabetic subjects had virtually the same prevalence of
12Ala allele [80]. This finding suggests that PPAR-
gamma Pro12Ala polymorphism is protective against
DM in Caucasians but not in South Asians. Chang
et al. identified a novel risk-conferring genetic variant
of the transcription factor 7-like 2 (TCF7L2) for DM2
in a Chinese population, different from the variants
observed in populations of European ancestry [81].
Further studies are needed to discover whether these
genetic polymorphisms, specific to Asian popula-
tions, are responsible for higher rates of DM and
insulin resistance and consequently for higher sus-
ceptibility to TB in this patient group.

Age

A high prevalence of TB-DM comorbidity in Asian
countries, especially in China and India, may be a
result of the rapidly increasing prevalence of young-
onset DM in these countries. In southern India, from
2000 to 2006, the prevalence of DM in people younger
than 44 years increased by 10.7% [82]. Data from
China show an 88% increase in the prevalence of
maturity-onset DM in the 35–44 years age group
from 1994 to 2000, probably due to the rapid transi-
tion in dietary habits, reduced physical activity, longer
working hours, and decreasing sleep hours [82].
Although the data is very ambiguous, it has been
shown that the relation between DM and TB is more
prominent in younger people. A meta-analysis of 13
observational studies of association between DM and
active TB identified 2 studies that presented age-stra-
tified RRs (Risk ratios). They demonstrated stronger
associations of DM and TB under the age of 40 and
declining RR with increasing age in age groups over 40
years (trend pKim = 0.014, pPonce-de-Leon = 0.184)
[83]. However, since many other studies found that
TB-DM comorbidity was significantly more common
in patients over 40 years [31,35,36], these results and
the potential relation of young-onset DM and TB
should be taken with caution.

Treatment challenges and current TB-DM
comorbidity care guidelines in Asian
countries with high TB-DM burden

In general, the clinical course of a patient with both
TB and DM tends to be more severe due to factors
like immunosuppression, different pharmacokinetics

of anti-TB and DM drugs, and comorbidities that
affect the clinical course, such as hypertension and
obesity [71,84,85]. Treatment failure occurs in 4.8%
of TB-DM patients compared with a failure rate of
1.5% in non-diabetic TB patients [86]. Furthermore,
the TB relapse rate (20%) and multidrug-resistant TB
frequency (17.7%) are statistically significantly higher
in DM patients compared with non-DM (5.3% and
8.4%, respectively). Although the implementation of
the Directly Observed Treatment Short course
(DOTs) strategy has been widely accepted in devel-
oping Asian countries, there are still many uncertain-
ties related to the optimum treatment strategies in
patients with both TB and DM.

Some of the most important problems are the
length of anti-TB treatment, drug–drug interactions
(e.g. rifampicin and oral sulphonylurea derivatives),
drug–disease interactions (e.g. peripheral neuropathy
induced by both isoniazid and DM), adherence to
medication being compromised by high pill counts
or adverse drug effects, and the lack of DM clinics
designed to prevent easy M. tuberculosis transmission
[87]. In addition to these issues, Asian countries face
insufficient supplies of second-line anti-TB drugs and
shortages of trained personnel [88].

Currently, there is insufficient evidence to support
changing the recommended standard TB treatment
regimens or making specific recommendations for
clinical case management of TB in people with DM.
It is common clinical practice in some settings to
extend the duration of TB treatment in these patients.
However, there are very few published trials on the
effectiveness of extending the duration of treatment.
In Asian populations, only 1 study specifically
addressed the question of optimal duration of anti-
TB treatment in patients with DM. The study of
Wang et al. classified 12,688 Taiwanese TB patients
with DM in 6-month and 9-month anti-TB treatment
groups [89]. They concluded that extending the anti-
TB treatment by 3 months may decrease the recur-
rence rate when the DOTs strategy is not applied. In
a retrospective population-based study that included
201 newly diagnosed pulmonary TB patients in
Shanghai, Wu et al. found that pulmonary TB
patients with DM more frequently had an extended
anti-TB treatment duration than those without DM,
but they could not confirm that the similarity of
treatment outcomes was a result of the extended
treatment duration [34].

A multi-centre cohort study conducted in China in
2015 compared treatment success rates between pul-
monary TB patients with DM who received standar-
dized anti-TB treatment and a group of pulmonary
TB patients with DM who received an individualized,
drug susceptibility testing (DST)-based treatment
[90]. The authors reported higher treatment success
rates in the individualized treatment group than in
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the conventionally treated group (83.3% vs. 60.0%
respectively, p = 0.045).

According to the WHO recommendations (2011),
the same TB treatment regimen should be prescribed
to people with DM as for people without it, whereas
the management of DM in TB patients should be
provided in line with special recommendations for
people with worsened glucose control as an effect of
an ongoing infection [91]. China’s National TB pro-
gramme guidelines recommend that all patients with
TB should receive the standardized short-term
regime for TB treatment, except those with MDR-
TB [92]. However, there is insufficient information
about how TB-DM patients would respond to this
short treatment regime, as good or poor control of
DM in patients may lead to different treatment out-
comes [93,94]. Technical and operational guidelines
issued by the Central Tuberculosis Division of the
Indian government recommend the standardized
short-term regime for TB treatment for all patients,
except for those with MDR-TB and central nervous
system, skeletal, or disseminated drug-sensitive TB.
This document includes specific guidelines for special
patient groups such as pregnant patients, those with
seizures, psychosis, or renal or hepatic impairment,
but not for patients with DM [95]. A comprehensive
guideline for the management of TB-DM comorbid-
ity developed by the WHO and Cambodia Diabetes
Association (CDA) also applies WHO recommenda-
tions on TB management, advising the use of insulin,
metformin, sulphonylurea derivatives, and thiazolidi-
nediones in patients with dual disease [96].

There are not yet randomized trials that evaluate
an adequate treatment for TB-DM, neither there is
sufficient evidence on drug–drug and drug–disease
interactions in the TB-DM patient group. A systema-
tic review aiming to determine the effect of insulin,
alone or in combination with oral hypoglycaemic
agents, and the effect of poor glycaemic control on
unsuccessful TB treatment outcome(s) is currently
ongoing [97].

Optimal TB-DM management and integration of
services could lead to the earlier start of treatment for
DM and improved health outcomes for those with
dual disease. More studies that address this topic are
urgently needed and are especially important for
developing Asian countries.

Conclusions

The studies summarized from East, South, and
South-East Asia demonstrated very inconsistent co-
prevalence rates, with a prevalence of DM among TB
patients ranging from approximately 5% to more
than 50%. The data on the prevalence of TB among
patients with DM are limited, but available evidence
from China, Bangladesh, Korea, Nepal, and Pakistan

shows a TB prevalence rate 1.8–9.5 times higher than
in the general population. High prevalence rates of
TB in Asian patients with DM are at least partially a
consequence of poor glycaemic control in Asian
patients and their high insulin resistance rates.

The majority of studies were retrospective analyses
without a specific design to compare DM/TB and
non-DM/TB patients, and while certain countries
had numerous studies (China, India) there were 4
countries for which studies of DM/TB were not
found (Afghanistan, Laos, Cambodia, and Singapore).

Developing Asian countries face many strategic
issues, like insufficient supplies of second-line anti-
TB drugs, shortages of trained personnel, and lack of
DM facilities designed to prevent transmission of
Mycobacteria. Additionally, we found a significant
knowledge gap related to optimum TB-DM treatment
strategies, and drug–disease and drug–drug interac-
tions in this area. Our search identified only 1 study
specifically designed to compare the extended anti-
TB regime in diabetic patients and only 1 guideline
developed specifically for TB-DM care.

Although we identified several studies that specifi-
cally addressed the implementation of bi-directional
screening, they were limited to 2 countries only
(India and China) and there were no studies that
examined the best method or could comment on
the diagnostic yield.

There exists considerable potential for meaningful
study of DM/TB in the region. Prospective studies
specifically designed to address differences between
DM and non-DM TB patients, interpretation of DM/
TB treatment outcomes, drug–drug and drug–disease
interactions, and the optimal TB and DM diagnostic
strategies are urgently needed. Decentralized DM care
facilities would provide a systematic DM diagnosis and
may prevent easy M. tuberculosis transmission.
Defining the population at risk followed by bi-direc-
tional screening implementation in the whole region
should be the ultimate goal of the health authorities.
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Paper context

Asia faces an epidemic of TB-DM comorbidity, but its
prevalence in the South, East, and South-East regions
remains under-examined. Along with bi-directional screen-
ing and optimal treatment issues, we detected very incon-
sistent co-prevalence rates, and an important knowledge
gap related to screening and TB-DM management.
Prospective studies specifically designed to address differ-
ences between DM and non-DM TB patients, interpreta-
tion of DM/TB treatment outcomes, best screening
methods and strategy, together with systematic DM pro-
gramme implementation are urgently needed.
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