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Abstract
The diabetics have risk of pulmonary tuberculosis It caused by lacking of immune system and malnutrition, 
eventhough the diabetics’ nutritional status commonly is normal or overweight. This research aimed 
to analyze risk of nutritional status and blood sugar to patients of diabetes mellitus with pulmonary 
tuberculosis. The study was observational analytic with case control design. There were 20 samples in 
each case and control located in Sawahan Sub-district, Surabaya. The data collection used questionnaire 
and medical record of participants from the community health care. The data was analysed using Pearson 
test correlation and odd ratio. The result showed no correlation between body mass index and blood sugar 
of both random (p=0.138) and fasting (p=0.166). The oberweight diabetics are much more likely to get 
pulmonary tuberculosis 1.3 times compared to normal diabetics (95% CI= 0.313<OR<5.393), while the odd 
ratio of pulmonary tuberculosis in underweight diabetics is estimated to be 1.2 times compared to diabetics 
who are normal (95% CI= 0,121<OR<11,865). The diabetics who have random blood sugar level of ≥200 
mg/dL are 0.46 times to have pulmonary tuberculosis compared to blood sugar level of <200 mg/dL (95% 
CI=0.111<OR<1.94). The diabetics who have fasting blood sugar level of ≥126 mg/dL showed effect 2.43 
times to be likely get pulmonary tuberculosis either they have <126 mg/dL 95% CI= 0.51<OR<11.51). 
There was no relationship between blood sugar level, nutritional status, and pulmonary tuberculosis on 
patients with type 2 diabetes mellitus.
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Introduction
Non-communicable diseases are a public health 

discussion globally due to the recent cases that have 
occurred this. In 2016, non-communicable diseases have 
caused 41 million deaths (71%). The problem of non-
communicable diseases is more prevalent in developing 
countries. Metabolic factors such as high blood sugar 
and obesity require attention from public health experts. 
This is due to the prevalence of excessive blood sugar 
levels in 2014 estimated at 9% in the world according 
to WHO in 2018. The number of people with diabetes 
has nearly a quarter of the world’s population since 
1980 and it is estimated that there are 650 million obese 
people above the age of 18 in 2016(1).

Diabetes mellitus includes non- communicable 
diseases and is a metabolic disorder with characteristics 

of hyperglycemia caused by the pancreas not producing 
enough insulin or the body cannot use insects that are 
produced effectively so that there is an increase in 
glucose concentration in the blood2. Diabates include 
a serious threat to public health because of one of the 
diseases that contribute to high mortality, morbidity and 
health costs across the country(2). Indonesia as one of 
the developing countries is estimated to have total deaths 
from non-communicable diseases in 2016 of 73% of 
total deaths(1).

Diabetes is positively associated with the risk of 
tuberculosis (TB)(3). East Java Province has a diabetes 
prevalence of 2.02% while the prevalence of diabetes 
mellitus in the city of Surabaya alone reaches almost 
3.5% (4). Sawahan Subdistrict in Surabaya City is one 
of the regions with a third population density of Mostof 
29.75%(5). Variable occupancy density and contact 
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between households include risk factors for transmission 
of pulmonary TB(6).

The incidence of pulmonary TB in diabetics is 
related to nutritional status and blood sugar levels(7). 
Patients with type 2 diabetes mellitus are in fact more 
often found with normal ornutritional status overweight 
so that the risk of nutritional status of the two categories 
needs to be studied against cases of pulmonary TB in 
patients. Based on these problems, the study will analyze 
the risk and correlation of nutritional status and blood 
sugar levels of patients with type 2 diabetes mellitus 
with and without pulmonary TB. This study aims to 
analyze the risk of blood sugar levels and nutritional 
status on the incidence of pulmonary TB in patients with 
type 2 diabetes mellitus. This study is expected to be 
useful for improving the quality of health services in 
disease prevention and adding new information about 
the incidence of type 2 diabetes mellitus with TB lung.

Material and Method
This study used design case control with 

observational analytic types. The research locations 
were in the Sawah Puloh and Sawahan Health Center, 
Surabaya City. The study took place from September 
2017 to December 2017. The population of the case 
was all patients diagnosed with type 2 diabetes mellitus 
with pulmonary TB in Sawahan District, Surabaya City 
while the control population was all patients with type 
2 diabetes mellitus in the same location. Retrieval of 
data using probability sampling techniques with method 
simple random sampling. Sample calculation using the 
formula case control uses the value of Zα = 95% and Zβ 
= 90% (8).The proportion of population effect cases P1 
= 0.82 and control population P2 = 0.49(9). The results 
of the sample calculation with the ratio of the number of 
cases compared to the number of controls of 1: 1, there 
were 20 samples in each case and control. Sampling of 
cases and controls were randomized (random).

Characteristic variables studied in the respondents 
included case group and control, sex, body mass index, 
random blood sugar, and fasting blood sugar of type 2 
diabetes mellitus. The dependent variable is pulmonary 
TB while the independent variable is blood sugar levels 
and nutritional status.

Data retrieval is done by interviewing questionnaires 
and documentation from the respondent’s medical 
record from the health center where the respondent is 
treated. Data taken from medical records is a diagnosis 

of pulmonary TB and type 2 diabetes mellitus.

RESULTS

The results of the study on the characteristics of the 
respondents (Table 1) showed that the majority were 
women (22%). The nutritional status of the respondents 
was mostly in thecategory overweight (62.5%) and the 
lowest was thegroup underweight (10%). The majority 
of respondents had random blood sugar 80-180 mg / dL 
(80%) and fasting blood sugar ≥100 mg / dL (85%).

The results of the Pearson test correlation with α 
= (0.05) showed no correlation between body mass 
index and random blood sugar levels (p = 0.14> 0.05) 
and fasting blood sugar (p = 0.17> 0.05 ) Pearson 
correlation coefficient showed a weak correlation in both 
correlations, namely the correlation of body mass index 
with random blood sugar levels (Pearson correlation = 
0.24) and body mass index correlation with fasting blood 
sugar levels (Pearson Correlation = 0.22) (Table 2).

Tabel 1: Distribution of Respondents based on 
Characteristics of Diabetes Mellitus Patients

Variabel
Frequency
(n)

Percentage
 (%)

Sex
Male
Female

18
22

45
55

Nutritional Status
Underweight
Normal
Overweight

4
11
25

10
27,5
62,5

Fasting Blood Sugar
< 126 mg/dL
≥ 126 mg/dL

11
29

27,5
72,5

Random Blood Sugar
< 200 mg/dL
≥ 200 mg/dL

9
31

22,5
77,5

Total 40 100
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Tabel 2: Pearson Statistics Test Results on the 
Relationship between Body Mass Index (BMI) and 
Random Blood Sugar and Fasting Blood Sugar 

Variabel Pearson Corelation p

BMI with Random 
Blood Sugar 0,24 0,14

BMI with Fasting 
Blood Sugar 0,22 0,17

Values odds ratio in table 3 show the meaning that 
the risk of type 2 diabetes mellitus with pulmonary 
tuberculosis in respondents who have a random blood 
glucose levels ≥200 mg / dL was 0.46 times than that 

flies random blood sugar levels <200 mg / dL. The result 
of the odd ratio in fasting blood sugar levels showed 
the risk of type 2 diabetes mellitus with pulmonary 
TB in respondents who had fasting blood sugar levels 
6126 mg / dL was 2.43 times greater than respondents 
with fasting blood sugar levels <126 mg / dL . The two 
odd ratio values ​​do not show the relationship between 
blood sugar levels and the incidence of pulmonary TB in 
patients with type 2 diabetes mellitus, which is viewed 
from the confidence interval values ​​(Table 3)

The results odds ratio of the risk pulmonary TB in 
patients with type 2 diabetes mellitus with nutritional 
status underweight 1.2 times greater than respondents 
with normal nutritional status. In respondents with 
nutritional status they overweight have a risk 1.3 
times more likely to be exposed to pulmonary TB than 
respondents who are of normal nutritional status.

Tabel 3: Odd Rasio Blood Sugar and Nutritional Status Type 2 Diabetes Mellitus Patients with and without 
pulmonary TB 

Blood Sugar

Type 2 Diabetes Mellitus Patients Total
Odd Ratio
(95% CI)

Case Control

N % n % N %

Random Blood Sugar
≥ 200 mg/dL
< 200 mg/dL
Nutritional Status

16
4

55,2
36,4

13
7

44,8
63,6

29
11

100
100

0,46
(0,11<OR<1,94)

Nutritional
Status I
Underweight
Normal

2
5

50
45,5

2
6

50
54,5

4
11

100
100

1,20
(0,121<OR<11,87)

Nutritional
Status II
Overweight
Normal

13
5

52
45,5

12
6

48
54,5

25
11

100
100

1,30
(0,313<OR<5,40)

Discussion
The majority of respondents who suffer from type 

2 diabetes mellitus have nutritional status overweight. 
Similar studies also state that the majority of the 
nutritional status of diabetics is overweight (10).The 
results of research in Indonesia also stated that based 

on the 2014 TB-DM Registry, comorbidities of TB 
and DM were more commonly found in patients who 
had a relatively heavier body weight than TB without 
DM(11). Similar to the results of a study which states that 
someone with nutritional status obesity and overweight 
is associated with TB infection in diabetics (12). This is 
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because obesity is a risk factor for diabetes(13). The risk 
of developing diabetes is four times greater in obese 
people than those who have a normal BMI (14). Other 
causes can be related to reduced exposure to rifampicin 
(antibiotics for pulmonary TB) in patients treated(15). 
In contrast to the research of Chiang et al in 2019 the 
majority of patients with type 2 diabetes mellitus with 
pulmonary TB experienced weight loss. Decreasing 
weight occurs as a result of decreased appetite due to TB 
disease which is also experienced(15).

The risk of pulmonary TB for diabetics can occur 
in both patients with nutritional status underweight and 
overweight (16). findings in this study found a different 
matter, namely there was no correlation between 
nutritional status of BMI of type 2 diabetes mellitus 
patients with the incidence of pulmonary TB. These 
results are also similar to the study by Lin et al in 2018 
which is a non-significant risk between obesity, diabetes 
and tuberculosis. Possible causes of these results are 
confounding variables that affect like socio-economic 
status. If confounding variables can be controlled or 
regulated while the research is taking place, there may 
be an association between the two variables that can 
occur such as dividing the average number of people 
with obesity who are obese and not obese with their 
socio-economic status.The variable diabetes mellitus 
itself is an intermediate variable between the causal 
relationship between BMI and pulmonary TB but cannot 
be connected entirely because the BMI has two traits. The 
two characteristics of BMI associated with pulmonary 
TB are protective and risk. The biological mechanism 
in the body about this matter has also not been found 
clearly. Several possible mechanisms of origin originate 
from the role of fat tissue in the body against the bacteria 
Mycobacterium tuberculosis (17).

The risk of high blood sugar levels from normal 
limits in diabetics has been designated as a causal factor 
for type 2 diabetes mellitus with pulmonary TB (18). It 
is different from the findings of this study which shows 
that there is no relationship between blood sugar levels 
and incidence of pulmonary TB in patients with type 
2 diabetes mellitus. There are studies that also support 
these results, no relationship to the diagnosis of diabetes 
mellitus with a history of 37,862 respondents(4).

The results of the study by Lin et al in 2017 explain 
that 90% of TB patients who initially have fasting blood 
sugar levels <6.1 mmol / L can maintain <6.1 mmol / L 
while undergoing treatment for tuberculosis and show 

absolutely no symptoms of diabetes mellitus. This 
proves that TB patients who do not have a history of 
diabetes mellitus are proven by normal fasting blood 
sugar, there will not be comorbid diabetes mellitus (19).

This study shows no association between blood 
sugar levels and nutritional status with the incidence of 
pulmonary TB in type 2 diabetes mellitus, but the risk 
of nutritional status and blood sugar levels in diabetics 
needs to be considered together to avoid complications 
and comorbidities such as pulmonary TB. Lifestyle 
changes and physical activities to maintain normal 
nutritional status and routine blood sugar checks are 
preventative steps that can be taken for diabetics. Health 
services also need to improve diabetes care so that it can 
reduce comorbidities in patients and prevent diabetes 
with pulmonary TB (18). For diabetics with TB, health 
services should have diabetes screening at the beginning 
of TB treatment, appropriate treatment, and monitoring 
treatment to reduce the failure of TB treatment in patients 
with diabetes mellitus (20). 

Conclusion
There is no relationship between BMI and random 

blood sugar levels in people with diabetes mellitus with 
the incidence of pulmonary TB but there is a risk of BMI 
underweight and overweight and abnormal random blood 
sugar levels in diabetics for co-occurring pulmonary TB. 
The important thing to recommend for diabetics is to 
keep controlling blood sugar regularly, changing healthy 
lifestyles, and increasing physical activity in order to 
prevent comorbidities that arise.

Conflict of Interest: All authors have no conflicts 
of interest to declare.

Source of Funding:This is an article “Analisis 
risiko Tuberkulosis paru berdasarkan karakteristik, 
rerata kdar gula, lama diabetes dan status gizi pada 
penderita Diabetes Mellitus Tipe 2” of Epidemiology 
Department that was supported by Faculty of Public 
Health, Airlangga University.

Ethical Clearance: This study was approved by 
the Ethics Committee of the Faculty of Public Health 
Airlangga University No. 516-KEPK.

References
1.	 World Health Organization. Non-Communicable 

Diseases Country Profiles 2018. Geneva; 2018.
2.	 World Health Organization. Global report on 



Indian Journal of Forensic Medicine & Toxicology, July-September 2020, Vol. 14, No. 3      1057

diabetes. Geneva; 2016. Retrieved from <http://
www.who.int/diabetes/global-report/en>

3.	 Soh, A., Chee, C., Wang, Y.-T., & Koh, W.-P. 
Diabetes, body mass index, and risk of active 
tuberculosis. Erj 2018; 52. PA2722.

4.	 Badan Penelitian dan Pengembangan Kesehatan. 
Hasil Utama Riskesdas 2018 Provinsi Jawa Timur. 
Riset Kesehatan Dasar 2018. Jakarta; 2018.

5.	 Badan Pusat Statistik. Kepadatan Penduduk Kota 
Surabaya; 2012.

6.	 Cubilla-Batista, I., Ruiz, N., Sambrano, D., 
Castillo, J., & Goodridge, A. Overweight, Obesity, 
and Older Age Favor Latent Tuberculosis Infection 
among Household Contacts in Low Tuberculosis - 
Residence Settings within Panama. AJTMH 2019; 
100(5).pp.1141–1144.

7.	 Hapsari PNF, Isfandiari MA. Hubungan 
Sosioekonomi dan Gizi dengan Risiko Tuberkulosis 
pada Penderita DM Tipe 2. Jbe.2017; 5(2).pp.185–
194.

8.	 Lemeshow, S. Besar Sampel dalam Penelitian 
Kesehatan. Yogyakarta: Gajah Mada University; 
1997.

9.	 Wijaya, I. Lung Tuberculosis in People with 
Diabetes Mellitus. Conti Med Edu. 2015; 42(6), 
412–417

10.	 Gomez, DI, Twahirwa, M., Schlesinger, LS, & 
Restrepo, BI. Reduced Mycobacterium tuberculosis 
association with monocytes from diabetes patients 
that have poor glucose control. j.tube.2014; 08.006. 
94(5) March: pp. 533.

11.	 Harso, AD, Syarif, AK , Arlinda, D., Indah, RM, 
Yulianto, A., Yudhistira, A., & Karyana, M. 
Differences in Sociodemographic Factors and 
Nutritional Status of Tuberculosis Patients with and 
without Diabetes Based on the 2014 Tuberculosis-
Diabetes Mellitus Registry. mpk.v27i2. 2018; 
27(2), march: pp. 65–70.

12.	 Kubiak, RW, Sarkar, S., Horsburgh, CR, Roy, G., 
Kratz, M., Reshma, A., Hochberg, NS. Interaction 
of nutritional status and diabetes on active and 
latent tuberculosis: a cross-sectional analysis. BMC 
InfDis 2019; 19(627).

13.	 Kautzky-willer, A., Harreiter, J., & Pacini, G. 
Complications of Type 2 Diabetes Mellitus. 
er.2015; 37(June), pp. 278–316. [Accessed 19 01 
2019].

14.	 Abbasi, A., Juszczyk, D., & Jaarsveld, CHM Van. 
Body Mass Index and Incident Type 1 and Type 2 
Diabetes in Children and Young Adults. js.2017; 
1(May): pp.524–537.

15.	 Ronacher, K., Joosten, SA, Dockrell, HM, & 
Ottenhoff, THM. Acquired immunodeficiencies 
and tuberculosis: focus on HIV / AIDS and diabetes 
mellitus. ir 2015; 264. pp. 121–137.

16.	 Yen, YF, Hu, HY, Lee, YL & Lai, YJ. Obesity 
reduces the risk of active tuberculosis: a nationwide 
population-based cohort study in Taiwan. Ijo 2017; 
41(6).pp.971.

17.	 Lin, HH, Wu, CY, Wang, H., Lönnroth, K., & 
Huang, YT. Association of Obesity, Diabetes, 
and Risk of Tuberculosis: Two Population-Based 
Cohorts. cid 2018; 66(5). Pp.699–705.

18.	 Pérez-navarro, LM,.. & Zenteno-cuevas, R. 
Type 2 diabetes mellitus and its resistance 
in the development of multidrug resistance 
tuberculosis in patients from southeastern Mexico. 
j.jdiacomp.2014;29(1).pp. 77–82.

19.	 Lin, Yan, Yuan, Y., Zhao, X., Liu, J., Qiu, L., He, X. 
, Harries, AD. Before and during anti-tuberculosis 
treatment in China. Gha 2017; 10(1). 1289737.

20.	 Yanti, Z. The Effect of Diabetes Mellitus on the 
Success of Treatment for Pulmonary TB in Tanah 
Kalikedinding Health Center. jbe.v5i2.2017; 5(2).
pp.163–173. [Accessed 11 6 2019].


