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ABSTRACT
Introduction:Researches implicated diabetes as independent risk factor for multi-drug resistant 
tuberculosis and unfavorable outcome of treatment. There is no data to address the association between 
diabetes mellitus (DM) and tuberculosis (TB) in Nepal. Thus we assessed the burden and demographics 
of active tuberculosis among diabetic patients attending tertiary care hospitals in Nepal. 

Methods: A cross-sectional study was conducted in adult DM patients attending seven tertiary care 
hospitals representing five development region of the country. Relevant data were collected and 
participants were screened for active TB (symptom screening and microbiological diagnosis).

Results: Among the 520 enrolled DM patients screened, 23 had active TB. The prevalence was 4.42% 
(CI 2.96 - 6.54). The positive cases had older age group with the mean age of 59.73 ± 17.36 years 
with male predominance of 78% (18/23). Among the 23 positive cases, only two (8.69 %) had extra 
pulmonary TB. Diabetic control had significant (p=0.006) relationship to develop Tuberculosis. The 
comorbid conditions e.g., Hypertension (OR 13, 95% CI: 4.54  to 37.14); diabetic nephritis (OR 9.25, 
95% CI: 2.03  to 42.20); and Diabetic neuropathy (OR 26.66, 95% CI: 5.16  to 137.71) are significant 
risk factors to develop tuberculosis among the diabetes patients. There were no significant differences 
in occupation, literacy rate, tobacco or alcohol consumption, HbA1c levels between TB and non-TB 
participants.

Conclusion: The prevalence of tuberculosis among diabetic patients is low in Nepal. This is the result 
of tertiary care hospital outdoor patients only, thus representativeness was compromised. Thus to 
assess the magnitude of comorbidities, mandatory screening in all level were recommended. 
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INTRODUCTION 

The burden of diabetes and tuberculosis are 
enormous, particularly in developing countries. The 
International Diabetes Federation has reported that 
there were 451 (95% CI 367 – 585) million cases 
of diabetes worldwide in the year 2017 and about 
79% of people with diabetes live in low- and middle-

income countries.1 Meanwhile, the World Health 
Organization has reported that an estimated 10.4 
million cases of tuberculosis occurred worldwide in 
the year 2016 and 87% of all the cases occurred in 
the 30 high-burden countries, many of which are 
low and middle income countries.2 The interactions 
between these two diseases present additional 
clinical as well as a public health challenge. 
Diabetes has long been recognized as an important 
risk factor for tuberculosis. The widely quoted 
systematic review published in 2008 had found that 
DM was associated with an increased risk of TB by 
three-fold (Relative Risk 3.11, 95% CI 2.27-4.26).3 
The more recent studies have however estimated 
this risk to be between 1.77 (95% CI 1.48–2.11) 
to 2 (95% CI 1.78 – 2.24).4,5 A systematic review 



23SAARC Journal of Tuberculosis, Lung Diseases and HIV/AIDS, 2019; XVII(2)

and meta-analysis has also reported that diabetes 
confers a small but statistically significant risk of 
latent TB infection (pooled odds ratio 1.18 (95% 
CI, 1.06–1.30).6 Diabetes also affects the natural 
history of tuberculosis and is associated with 
the worse treatment outcomes. It is associated 
with the delayed sputum conversion (aOR 1.51, 
95% CI 1.09 to 2.10) and a higher probability of 
treatment failure (aOR 2.93, 95% CI 1.18 to 7.23).7 
A systematic review has implicated diabetes as 
a risk factor for death (RR, 1.89; 95% CI, 1.52 
to 2.36), and increased risk of relapse (RR, 3.89; 
95% CI,2.43 to 6.23) as well.8 In another meta-
analysis, diabetes has also been identified as an 
independent risk factor for the multi-drug resistant 
tuberculosis (OR 1.71; 95% CI = 1.32, 2.22).9 
Conversely, tuberculosis in itself can worsen 
glycemic control among the people with diabetes. 
The interactions between the drugs can further 
complicate the picture, leading to a reduction in 
the effectiveness of both tuberculosis and diabetes 
treatments, as well as potential worsening of drug 
side-effects.10, 11Available studies have reported 
that the prevalence of active tuberculosis among 
the people with diabetes range from 0.38% to 
14% with the overall median global prevalence as 
4.1% (IQR 1.8%-6.2%). The median prevalence 
from Asia has been reported as 3.5% (IQR 0.9 
– 10.5%).12 A screening program in six diabetes 
clinics of tertiary healthcare centers in India 
identified 18 cases of active tuberculosis as a 
result of the screening program.13 Another study 
at a single tertiary care hospital from Bangladesh 
identified 37 cases of active tuberculosis while 
screening the people with diabetes.14 A cross-
sectional study in a tertiary care center in Eastern 
Nepal detected eight cases of tuberculosis among 
the 100 patients with established diabetes.15

For optimal outcomes of both the conditions, 
therefore, people with diabetes should be 
considered for evaluation of tuberculosis and vice 
–versa. World Health Organization (WHO) and the 
International Union Against Tuberculosis and Lung 
Disease launched the Collaborative Framework for 
the care and control of diabetes and tuberculosis in 
2011.16 It provides a guidance to the policy makers 
and health-care professionals in combating the 
dual epidemic with an emphasis on operational 
and clinical research to build-up and strengthen 
the evidence base for action. It has been further 
emphasized in the Bali declaration in 2015 which 

declared the looming tuberculosis-diabetes co-
epidemic as a public health priority and called for 
early and decisive action.17

Nevertheless, the adaptation and implementation 
of the collaborative framework under national 
programs have been slow. Several programmatic 
issues challenge the implementation of the TB-
Diabetes bidirectional screening and its cost-
effectiveness, particularly in the resource limited 
settings.18 The lack of non-communicable disease 
program or systematic and decentralized diabetes 
management centers in many developing countries 
make it more difficult to implement an effective 
collaborative model of care.19

Thus, it is imperative that the people with diabetes 
are screened for tuberculosis and vice-versa using 
the cost-effective screening strategies available, 
which are also feasible under the programmatic 
conditions. In this study, we aimed to estimate 
the prevalence of active tuberculosis among 
the people with established diagnosis seeking 
care at large public healthcare centers using the 
existing tools as per the national tuberculosis 
program protocols. We also aimed to assess the 
risk factors for developing active tuberculosis 
among the diabetic population to help identify the 
most appropriate individuals who will likely benefit 
from TB screening. This study also assessed the 
baseline knowledge of tuberculosis among those 
patients with diabetes mellitus

METHODOLOGY

This study aimed to assess the prevalence of active 
tuberculosis among the people with established 
diabetes. Therefore, a cross-sectional research 
design had been applied. The study sites were 
selected purposely. The diabetes care in Nepal 
is mainly provided through tertiary care centers 
or specialized private centers by endocrinologists 
and internists. These centers are concentrated in 
more accessible cities and Kathmandu, the capital 
city, contributes to a significant proportion of 
patients who seek diabetes care. Accordingly, this 
study had identified one major city in each of the 
five development regions. The centers identified 
are all large public hospitals, preferably university 
hospitals with a high volume of patients and 
services for diabetes management. Due to the high 
volume of patients, three major university teaching 
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hospitals had been identified from Kathmandu 
valley. Thus the sites were Institute of Medicine, 
Tribhuvan University Teaching Hospital, National 
Academy of Medical Sciences, Bir Hospital 
and Patan Academy of Health Sciences, Patan 
Hospital from central region; BP Koirala Institute 
of Health Sciences from Eastern region; Pokhara 
Academy of Health Sciences, Gandaki Regional 
Hospital from western region; Bheri Zonal Hospital 
from Mid- Western region and Seti Zonal Hospital 
from Far-Western region. 

People with established diabetes mellitus, who 
were attending to above hospitals during study 
period (August to October, 2019). The primary 
sampling units were each of the study site 
with diabetes clinics selected for the study and 
secondary sampling units were patients with 
established diabetes mellitus attending those 
hospitals. 

The sample size had been calculated by the formula 
n = Z2P(1-P)/d2. P is expected the prevalence 
active TB among the people with diabetes taken 
as 3.5%12. An additional 20% non-response rate 
had been estimated. Multi stage sampling was 
done. First stage was done by selecting each 
center considered as a cluster. Within each cluster, 
second stage was by systematic random sampling. 
The first sample was selected randomly and then 
every 5th patient with diabetes were included in the 
study till the required number of participants was 
obtained.  

Consented adults of 16 or more years of age with 
established diabetes mellitus according to ADA 
2018 criteria for the diagnosis of Diabetes were 
included in the study. 

In every study site, a focal person took the 
responsibility in close collaboration with the head 
of the institution to coordinate the data collection. 
A team from the SAARC TB and HIV/AIDS center 
comprising of the Principal Investigator and study 
team members visited each study sites and short 
training was done. A definite algorithm (Referenced 
by the national tuberculosis program) were followed 
to screen the study participants. 

Operational definitions were clearly defined in the 
data collection tool. The strategy of screening for 
active TB and testing them for confirmation has 
been validated and recommended by the World 

Health Organization, including in the settings of TB 
prevalence surveys.20, 21

Data management and analysis

Data entry was done in Microsoft Excel 2016 and 
Analysis in IBM SPSS 23. Socio-demographic 
and other relevant characteristics of the study 
participants using mean, standard deviation, 
median and percentages as appropriate. Data 
was statistically analyzed with the significance 
level setting as two-tailed and at p value <0.05. 
Descriptive statistics for continuous variables were 
described as means ± standard deviation, while 
categorical data were reported as frequency and 
percentage. Differences between the two groups 
(males and females) were compared using Fisher’s 
exact test for categorical variables, or independent 
t-test for continuous variables. Odds ratio were 
calculated to identify the risk factors associated 
with active tuberculosis. 

Ethical approval

Ethical approval were taken from Nepal Health 
Research Council and appropriate local ethical 
board of Pokhara Academy of Health Sciences, 
Gandaki Regional Hospital, Patan Academy of 
Health Sciences, Patan Hospital

RESULTS

A total of 520 eligible participants were enrolled 
in the study and went through the data collection 
and laboratory diagnosis. Among them, 23 
were diagnosed as having Tuberculosis. The 
prevalence counted as 4.42%. The mean age of 
the study subjects was 54.34 ± 12.67 years. 18 
(3.5%) subjects were aged less than 30 years, 23 
(4.4%) aged between 31–35 years, 34 (6.5%) of 
them were aged between 36–40 years, 62 (12%) 
subjects were aged between 41–45 years, 72 
(13.8%) between 46–50 years, and 311 (59.8%) of 
them were aged >50 years. The mean age of the 
positive TB cases were 59.73 ± 17.36 years with a 
minimum 28years, maximum 83 years and median 
age of 62 years. The gender-wise demographic 
information of all participants is detailed in Table 
1. Females were comparatively younger than male 
(53.57±12.12 vs. 55.40±13.17 years; p = 0.001). 
Gender difference were seen in educational status, 
occupation and personal habits. Majority of men 
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Table 1: Demographic details of the Study
Characteristics Total (n=520) Male (n=228) Female (291) P value (Male vs. Female)
Age (years) Values are mean ± SD 54.34±12.67 55.40±13.17 53.57±12.12 0.001
Educational Status
Literate 293 (56.34 %) 172 (75.43 %) 121 (41.58%) Not significant
Illiterate 219 (42.1%) 53 (23.24%) 166 (57%)
Personal habit 
Smoking 77 (14.8%) 56 (24.56%) 21 (7.21%) Not significant
Alcohol 59 (9.8%) 51 (22.36%) 8 (2.75%) Not significant
Tobacco 45 (8.65%) 35 (15.35%) 10 (3.43%) Not significant

** χ2 test and Fisher’s exact test were done

were employed compared to women. Above 22% 
of men gave history of smoking or consuming 
tobacco in other form and about 15% consumed 
alcohol. Among the positive TB cases, 78% (18/23) 
were male and 21% (5/23) were female. 

Figure 2: Common type of Tuberculosis among the diabetic 
patients, Nepal, 2018

Figure 1: Shows the sex differences of the positive cases who 
were positive to have TB.

Among the 23 positive cases, only two (8.69 %) 
had extra pulmonary TB. Rest 23 (91.3%) were 
diagnosed to have pulmonary TB.

While going through the demographic detail, none 
of the educational status, marital status shows any 
significant relation with the positive TB cases

Figure 3 : The occupation of the Cases were classified

Personal habit like tobacco and alcohol 
consumption or chewing of betel nuts or any other 
addictive substance didn’t show any significant 
relationship to develop TB among the diabetic 
patients. However the other co morbidities 
associated with diabetes showed as a risk factor to 
develop Tuberculosis among the participants.

Table 2: Relationship of the comorbidities
Co 
morbidities

Odds 
ratio

95% CI Significant 
level

Hypertension 13 4.54 to 37.14 P < 0.0001
Diabetic 
nephritis

9.25 2.03 to 42.20 P = 0.0040

Diabetic 
Neuropathy

26.66 5.16 to 137.71 P = 0.0001

Dyslipidemia 2.77 0.84 to 9.08 P = 0.0911

Table 2 shows the relationship of the comorbidities 
which acted as a risk factor. Among the positive 

Sex differences among the cases

Pulmonay Vs Extra pulmonary

Male
Female

Extra pulmonary
Pulmonary

8.70

91.30
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twenty three cases, the duration of diabetes 
calculates as 11.48 + 7.72 years (mean + SD). They 
are taking treatment of diabetes for average 9.83 
years. Diabetic control had significant (p=0.006) 
relationship to develop Tuberculosis. We asked 
five questions to assess the baseline knowledge 
of tuberculosis among the patient with diabetes. 
The variables were fact tuberculosis and its cause, 
symptoms, transmission and risk factors and 
Tuberculosis. The response of these are tabulated 
in Table 3.

Table 3: Baseline knowledge of tuberculosis 
among the patient with diabetes
S.N. Questions Positive 

answers (%)
1. Do you know, Tuberculosis is a 

curable disease or not?
60

2. Tuberculosis is caused by? 52.17
3. How Tuberculosis is 

transmitted?
60.86

4. Do you know the risk factor for 
tuberculosis?

73.91

5. Can you mention the 
symptoms for tuberculosis? 

73.91

DISCUSSION

In this study the overall prevalence of Tuberculosis 
among the diagnosed diabetes patient was seen 
as 4.42%, which is comparable with other studies 
which it shows that among the 78 studies, 48 
(61.5%) studies were conducted in countries of 
Asia and showed prevalence rates ranging from 
5.1% in Saluru-South India to 44% in Kerala-
India12. This meta-analysis also showed, overall 
median prevalence of DM among TB patients in 
Asia was calculated to be 17% (IQR 11.4%-25.8%). 

Among the positive cases we see male 
predominance (78%). In many of the studies, 
diabetes was associated with a progressive shift 
of male predominance with tuberculosis22. It might 
be because, male are more active in outside social 
activities then women and in Asian countries in 
middle and lower socio economic group. Though 
the other socio cultural variables were not evaluated 
in this study, different factors might play important 
role to explain this gender gap including biological 
differences in disease and disease presentation 
and different access to health care specifically in 
developing countries23. Also the mean age of the 

positive TB cases were 59.73 ± 17.36 years with a 
minimum 28years, maximum 83 years and median 
age of 62 years, which shows prevalence is more 
in older age group. Similar phenomena was seen 
in some other studies where they found diabetic 
group of TB was older in age with longer duration 
of cough 24.

Pulmonary tuberculosis were more (91.3%) among 
the study participants. This might be because of 
the diagnostic hurdle and unavailability of the 
diagnostic facilities among the study sites. On the 
other hand, pulmonary tuberculosis is predominant 
in these settings of Nepal. Most of the positive 
cases were farmer (43%). Other occupation poses 
minimal threat to develop Tuberculosis. The exact 
cause of this occupational relationship were not 
revealed in depth. 

In many studies, Diabetes mellitus itself was 
identified as a risk factor for developing tuberculosis 
infection. In this study smoking, consumption of 
alcohol, educational level didn’t pose any threat to 
develop tuberculosis among the diabetes patients. 
But tuberculosis developed most frequently in 
patients with poor diabetic control and associated 
co morbidities were significant risk factors to 
develop tuberculosis. 

Similarly, poor glycemic control in Asian populations 
represents a potentially important risk factor for 
TB25. This might be because, hyperglycemia could 
play a role to alter the immune responses to the 
causative organism of tuberculosis in diabetic 
patients. Some studies shown that poor Diabetes 
control (indicated by HbA1c level) was associated 
with differences in the innate and cellular cytokine 
responses to stimulation with purified protein 
derivative from M. tuberculosis, thus facilitating 
progression to active TB26. 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)27. 

In this study, other co morbidities related to diabetes 
e.g., Hypertension, Nephritis, Neuropathy and 
Dyslipidemia came up as significant risk factors to 
develop tuberculosis. The reason might be same 
as hyperglycemia; compromised and poor immune 
response;and interaction of the microorganism etc. 
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The study participants had overall good conception 
regarding tuberculosis. Several questions were 
asked to reveal the baseline knowledge of 
tuberculosis. More than half of the participants 
came up to have good knowledge. 

However there were some limitations of the study. 
As much as an effort has been made to take samples 
representative of the whole country, many of the 
health centers could not be included. The private 
diabetes centers, which also hold a significant 
number of patients with diabetes, have not been 
included in the study. Also all the patients have 
not been screened for microbiological analysis. 
Thus the study result could not be generalize to be 
representative of Nepal.

Thus more comprehensive study is recommended 
including the private sector, indoor patients. Also it 
is recommended to have mandatory tuberculosis 
screening to all indoor and outdoor patients who 
will be coming to take health care.

CONFLICT OF INTEREST

 None

ACKNOWLEDGEMENT

We deeply acknowledge all the study participants, 
physicians who helped us to collect the data and 
all STAC staff who contributed in the study directly 
or indirectly. The study was fully funded by the 
program cost budget of STAC.  

REFERENCES

1.	 Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha 
Fernandes JD, Ohlrogge AW, et al. IDF Diabetes 
Atlas: Global estimates of diabetes prevalence 
for 2017 and projections for 2045. Diabetes Res 
ClinPract [Internet]. 2018 Feb 26 [cited 2018 Mar 
25]; Available from: http://www.sciencedirect.com/
science/article/pii/S0168822718302031

2.	 WHO | Global tuberculosis report 2017 [Internet]. 
WHO. [cited 2018 Mar 25]. Available from: http://
www.who.int/tb/publications/global_report/en/

3.	 Jeon CY, Murray MB. Diabetes mellitus increases 
the risk of active tuberculosis: a systematic review 
of 13 observational studies. PLoS Med. 2008 Jul 
15;5(7):e152. 

4.	 Lee P-H, Fu H, Lee M-R, Magee M, Lin H-H. 
Tuberculosis and diabetes in low and moderate 
tuberculosis incidence countries. Int J Tuberc Lung 
Dis Off J Int Union Tuberc Lung Dis. 2018 Jan 
1;22(1):7–16. 

5.	 Al-Rifai RH, Pearson F, Critchley JA, Abu-
Raddad LJ. Association between diabetes 
mellitus and active tuberculosis: A systematic 
review and meta-analysis. PLOS ONE. 2017 Nov 
21;12(11):e0187967. 

6.	 Lee M-R, Huang Y-P, Kuo Y-T, Luo C-H, Shih 
Y-J, Shu C-C, et al. Diabetes Mellitus and Latent 
Tuberculosis Infection: A Systemic Review and 
Metaanalysis. Clin Infect Dis Off Publ Infect Dis 
Soc Am. 2017 Mar 15;64(6):719–27. 

7.	 Jiménez-Corona ME, Cruz-Hervert LP, García-
García L, Ferreyra-Reyes L, Delgado-Sánchez G, 
Bobadilla-Del-Valle M, et al. Association of diabetes 
and tuberculosis: impact on treatment and post-
treatment outcomes. Thorax. 2013 Mar;68(3):214–
20. 

8.	 Baker MA, Harries AD, Jeon CY, Hart JE, Kapur 
A, Lönnroth K, et al. The impact of diabetes on 
tuberculosis treatment outcomes: a systematic 
review. BMC Med. 2011 Jul 1;9:81. 

9.	 Liu Q, Li W, Xue M, Chen Y, Du X, Wang C, et al. 
Diabetes mellitus and the risk of multidrug resistant 
tuberculosis: a meta-analysis. Sci Rep. 2017 Apr 
24;7(1):1090. 

10.	 Lönnroth K, Roglic G, Harries AD. Improving 
tuberculosis prevention and care through 
addressing the global diabetes epidemic: from 
evidence to policy and practice. Lancet Diabetes 
Endocrinol. 2014 Sep;2(9):730–9. 

11.	 Riza AL, Pearson F, Ugarte-Gil C, Alisjahbana 
B, Vijver S van de, Panduru NM, et al. Clinical 
management of concurrent diabetes and 
tuberculosis and the implications for patient 
services. Lancet Diabetes Endocrinol. 2014 Sep 
1;2(9):740–53. 

12.	 Workneh MH, Bjune GA, Yimer SA. Prevalence 
and associated factors of tuberculosis and diabetes 
mellitus comorbidity: A systematic review. PLOS 
ONE. 2017 Apr 21;12(4):e0175925. 

13.	 India Diabetes Mellitus--Tuberculosis Study Group. 
Screening of patients with diabetes mellitus for 
tuberculosis in India. Trop Med Int Health TM IH. 
2013 May;18(5):646–54. 

14.	 Rahim Z, Momi MSB, Saha SK, Zaman K, Uddin 
KN, Jamil SNAA, et al. Pulmonary tuberculosis 
in patients with diabetes mellitus in Bangladesh 
[Correspondence]. Int J Tuberc Lung Dis. 2012 
Aug 1;16(8):1132–3. 



28 SAARC Journal of Tuberculosis, Lung Diseases and HIV/AIDS, 2019; XVII(2)

15.	 Regmi HS, Gurung R, Sharma SK, Pradhan B, 
Bhattacharya SK. Pulmonary tuberculosis among 
diabetic patients in Dharan Municipality, Eastern 
Nepal. Int J Infect Dis. 2014 Apr 1;21:304. 

 16.	 International Union against Tuberculosis and 
Lung Disease, World Health Organization, WHO 
Global Task Force on TB Impact Measurement. 
Collaborative framework for care and control of 
tuberculosis and diabetes [Internet]. Geneva, 
Switzerland: World Health Organization; 2011 [cited 
2018 Mar 25]. Available from: http://whqlibdoc.
who.int/publications/2011/9789241502252_eng_
support-material.pdf

17.	 Kapur A, Harries AD, Lönnroth K, Wilson P, 
Sulistyowati LS. Diabetes and tuberculosis co-
epidemic: the Bali Declaration. Lancet Diabetes 
Endocrinol. 2016 Jan 1;4(1):8–10. 

18.	 Harries AD, Kumar AMV, Satyanarayana S, Lin Y, 
Zachariah R, Lönnroth K, et al. Diabetes mellitus 
and tuberculosis: programmatic management 
issues. Int J Tuberc Lung Dis. 2015 Aug;19(8):879–
86. 

19.	 Zheng C, Hu M, Gao F. Diabetes and pulmonary 
tuberculosis: a global overview with special focus 
on the situation in Asian countries with high TB-DM 
burden. Glob Health Action. 2017;10(1):1–11. 

20.	 World Health Organization, editor. Systematic 
screening for active tuberculosis: principles and 
recommendations. Geneva, Switzerland: World 
Health Organization; 2013. 133 p. 

21.	 WHO | Tuberculosis prevalence surveys: a 
handbook [Internet]. WHO. [cited 2018 Mar 
26]. Available from: http://www.who.int/tb/
advisory_bodies/impact_measurement_taskforce/
resources_documents/thelimebook/en/

22.	 Pérez-Guzmán C1, Vargas MH, Torres-Cruz A, 
Pérez-Padilla JR, Furuya ME, Villarreal-Velarde 
H, Diabetes modifies the male:female ratio in 
pulmonary tuberculosis , Int J Tuberc Lung Dis. 
2003 Apr;7(4):354-8.

23.	 S. van den Hof, C.A. Najlis, E. Bloss, M. 
Straetemans. A systematic review on the role of 
gender in tuberculosis control. KNCV Tuberculosis 
Foundation, (2010), https://www.kncvtbc.org/
uploaded/2015/09/Role_of_Gender_in_TB_
Control.pdf [accessed 09.03.18]

24.	 Mohammad Abdulrazaq, Abdulla Alfarttoosi, 
Prevalence of diabetes mellitus in new tuberculosis 
cases in Baghdad, European Respiratory Journal 
2015 46: PA2726; DOI: 10.1183/13993003.
congress-2015.PA2726

25.	 Zheng C, Hu M, Gao F. Diabetes and pulmonary 
tuberculosis: a global overview with special focus 
on the situation in Asian countries with high TB-DM 
burden. Glob Health Action. 2017;10(1):1–11. doi:1
0.1080/16549716.2016.1264702

26.	 Restrepo B, Fisher-Hoch S, Pino P. Tuberculosis in 
poorly controlled type 2 diabetes: altered cytokine 
expression in peripheral white blood cells. Clin 
Infect Dis. 2008;47:634–641. doi: 10.1086/590565. 
[PMC free article] [PubMed] [CrossRef] [Google 
Scholar]

27.	 Leung CC, Lam TH, Chan WM. Diabetic control 
and risk of tuberculosis: a cohort study. Am J 
Epidemiol. 2008;167:1486–1494. doi: 10.1093/aje/
kwn075. [PubMed] [CrossRef] [Google Scholar


	_GoBack

