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Problem considered: Directly Observed Treatment (DOT) has been the cornerstone for favorable outcomes in
Tuberculosis treatment. Hitherto, the role of Diabetic DOT for TB-DM patients has not been explored in the
present times when TB-DM dual epidemic has grown by significant proportions. The study aims to know the
treatment outcomes in TB-DM patients under programmatic settings with or without DM treatment supervision
and also to assess the concurrent glycemic control during the course of TB treatment.
Methods: In this cohort study with nested case control design, total 102 TB-DM patients registered under National
TB Elimination Programme of District Dakshina Kannada from July 2017 to March 2019 were enrolled. Sys
tematic Diabetic Treatment monitoring was done in one geographical area whereas in other areas the monitoring
was not done. Socio-clinico-demographic variables including glycemic control were analyzed.
Results: The results showed that the treatment success rate was 92% in both intervention and non-intervention
geographical areas. There was no association between the favorable TB treatment outcome amongst the TB
DM patients and their demographic variables. A two-way repeated measure ANOVA with a Greenhouse Giesser
correction determined that the mean value of HbA1c was statistically significant between assessment stages
during the course of treatment and the interaction HbA1c and supervision arm had a significant effect.
Conclusion: Diabetic DOT led to relatively better glycemic control (HbA1c) in TB-DM patients although in pro
grammatic management of TB-DM patients, it did not have any significant effect on the TB treatment outcomes.

1. Introduction

countries where TB is high. Currently, India is facing the dual problem of
being the highest TB burden country with a large number of people with
diabetes posing a serious challenge for the public health system.8,9
Human Immunodeficiency Virus (HIV) infection is one of the
important risk factors to develop TB; similarly, DM is one of the
important risk factors to develop TB. The prevalence of DM is more
common than HIV, making DM one of the important risk factors for
TB.10 Diabetics are three times more likely to develop active TB than
nondiabetics. The number of TB patients with concomitant diabetes is
now more than TB with HIV infection.11 DM may affect TB disease
presentation and antitubercular treatment response, thereby affecting
the TB treatment outcomes. This convergence of DM and TB epidemi
ology can have a serious impact on the control of TB.

Globally, tuberculosis (TB) is one of the major public health prob
lems; in 2019, the estimated TB cases were 10 million (8.9–11 million).1
India continues to be the major contributor to the global TB cases with
an estimated TB incidence of 2.69 million cases in 2019.2 Globally,
diabetes is on a rise and about 463 million people were having diabetes
in 2019,3 of which the majority were residing in middle and low-income
countries. India is deemed to be the global capital for diabetes with 77
million (17%) cases in 2019 alone.4,5
About 95% of patients with tuberculosis (TB) and 70% of patients
with diabetes mellitus (DM) live in low and middle-income countries.6,7
The epidemic growth of DM is witnessed in the many developing
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Several studies have shown increased time to sputum con
version12–15 and some of them have illustrated that there is no relation
between DM and sputum conversion rate at the end of 2nd
month.13,14,16,17 Park et al. in their study found that uncontrolled DM
(HbA1c ≥ 7%) was a significant risk factor for positive sputum culture
after two months.18 In all these studies the TB treatment was supervised
and monitored, and the diabetic treatment was not monitored. We hy
pothesized that the TB treatment outcome would be still better if the
diabetic treatment was systematically monitored along the lines of TB
treatment through a DOT provider. The feasibility of monitoring dia
betic patients at the field level by the programme is also not known. We
did not come across any studies from India that have seen the effect of
supervision of DM treatment on the TB treatment outcomes among TB
and diabetes patients.
We conducted the study among the TB-DM patients on treatment
under the programmatic settings in Dakshina Kannada district of Kar
nataka, India with the following objectives: (a) to compare the TB
treatment outcomes with and without DM treatment supervision (b) to
compare the HbA1c levels at the baseline, 3 months from baseline and at
the end of TB treatment (c) to assess the concurrent control of diabetes
through FBS and PPBS at the baseline and at the end of TB treatment (d)
to find the association between the control of diabetes and TB treatment
outcome.

2. Methods
2.1. Study design
It is a cohort study with a nested case-control study design. All the
TB-DM patients registered under the National Tuberculosis Elimination
Programme (NTEP) during 2017–19 formed the cohort. The TB-DM
patients registered in the select geographical region were provided
with systematic diabetic treatment monitoring as an intervention while
the TB-DM patients registered in other geographical areas were not
monitored. The selection of geographical regions for intervention and
non-intervention was based on feasibility and convenience.
2.2. Settings
The study was conducted in Dakshina Kannada district, which is
situated on the coastal border of Karnataka state. The District has a
population of about 22.15 lakhs.19 The district has a high literacy rate
among males and females. Under the National Tuberculosis Elimination
Programme, the district Dakshina Kannada has five tuberculosis units
(TUs) which are aligned with the sub-district administrative blocks and
have a population of approximately 4–4.5 lakhs each. The tuberculosis
units were namely Mangalore, Moodabidri, Puttur, Belthangady,
Bantwal, Each of the TUs has a designated Medical Officer Tuberculosis

Fig. 1. Diagram showing the details of intervention and non-intervention tuberculosis units.
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Control identified from one of the Primary health centres in the area;
and, Senior Treatment Supervisor (STS) and Senior TB Laboratory Su
pervisor (STLS) to supervise and implement the TB services in the area.2
In the year 2018, there were 2373 TB cases notified of which 1407 cases
knew their diabetic status and 246 (10.3%) were found to be diabetic.

management. The HbA1C was tested within two weeks of the initiation
of treatment if the patient was found to be diabetic, either by test or by
self-reporting, followed by one at the completion of 12 weeks and the
last one at the end of TB treatment respectively. The patient’s blood
samples were collected at the DMCs for HbA1C. The laboratory in
vestigations like FBS and PPBS were done at the peripheral health in
stitutions. The samples were sent to the nearest laboratory for the HBA1c
test and the cost of the test along with the transportation charge was
refunded through the project to the DOT provider on submission of
receipt or the bill to the investigators monthly. All the laboratories were
using either High-Performance liquid Chromatography with Bio-rad
Variant II Turbo HBA1c kit or Turbidimetric inhibition immunoassay.
The patients were asked to return empty blisters of oral hypoglycemic
drugs or empty insulin bottles to DOT providers on completion of
treatment.

2.3. Intervention and non-intervention areas
The five TUs were divided into intervention areas (two TUs) and nonintervention areas (three TUs) based on the feasibility and convenience
of the intervention. The intervention TUs were namely Mangalore and
Moodabidri and the non-intervention TUs were Belthangady, Bantwal
and Puttur TUs. The TUs in intervention areas contributed to nearly fifty
percent of the notified TB cases in Dakshina Kannada district [Fig. 1].
2.4. Study period

2.7.1. Operational definitions for TB treatment outcomes
Cured- Microbiologically confirmed TB patient at the beginning of
treatment who was smear or culture negative at the end of the complete
treatment.
Treatment completed- A TB patient who completed treatment
without evidence of failure or clinical deterioration but with no record
to show that the smear or culture results of biological specimens in the
last month of treatment were negative, either because the test was not
done or because results are unavailable.
Treatment success- TB patients whether cured or treatment
completed are accounted in treatment success.
Failure- A TB patient whose biological specimen is positive by smear
or culture at the end of treatment.
Treatment regimen changed-A TB patient who is on first line
regimen and has been diagnosed as having DRTB and switched to DRTB
regimen prior to being declared as failed.
Died- A TB patient who died during the course of anti TB treatment.
Unfavorable outcome- Failure, treatment regimen changed and
died were considered together as negative results for statistical analysis.
Lost to follow up- A TB patient whose treatment was interrupted for
1 consecutive month or more.

All the adult TB-DM patients registered under the NTEP from July
2017 to March 2019 were included in the study. The recruited cohort
was observed till December 2019 for their treatment outcome.
2.5. Sample size
Based on the previous literature, the success rate among the TB-DM
patients was found to be 81%.20 The sample size was calculated with the
power of 80%, confidence interval of 80%, the assumed risk difference
of 15% and the ratio of unexposed to exposed in the sample as 1:1.
Considering the non-response rate of 10% and the lost to follow-up of
5%, the sample size for the intervention and non-intervention areas was
estimated to be 47 each.
2.6. Study population
All the adult TB-DM patients routinely diagnosed and consecutively
registered in the area under the programme were included in the study.
Any patient on immunosuppressive therapy, or coinfected with HIV,
pregnant and lactating mothers and lost to follow-up were excluded
from the study.

2.7.2. Operational definitions for diabetic treatment adherence
Patients were categorized as adherent to diabetic treatment if they
had consumed anti-diabetic medications consecutively seven days in a
week. Number of days of missed treatment was assessed and the
adherence percentage was calculated as the number of days of missed
diabetes treatment per 100 days of diabetes treatment.

2.7. Intervention strategy
In the TUs selected for intervention, the diabetic patients who were
put on treatment for Tuberculosis (Secondary sampling units) were su
pervised for Diabetic Management through antidiabetic medications
card in addition to TB treatment [Fig. 1]. The card contained basic de
mographic details about the patient and diabetic treatment details such
as drugs, dosages, and frequency. It also had dates of all the months to
tick after the patient took diabetic treatment. Anti-diabetes medication
card was given to the DOT providers, who also supervised the TB
treatment. The card was filled by the DOT provider every week.
The investigators trained the NTEP programme staff (STS, STLS and
TBHV) during the routine monthly review meetings and in turn, they
trained the treatment supporters (DOT Providers) in their respective
areas. Subsequently, the DOT providers were supervised directly by STS
and STLS and external validation of the supervision data was done by
the investigators randomly.
The cohort of TB patients with diabetes was followed up till the
completion of TB treatment. The nursing staff at the Designated Mi
croscopy Centres (DMCs) or PHCs did the screening of the TB patients
for diabetes by conducting random blood sugar (RBS) examination using
a glucometer through finger prick method. If RBS reading was found to
be greater than 140 mg/dl, fasting blood sugar (FBS) and postprandial
blood sugar (PPBS) were conducted at the level of primary health centre.
If the FBS was found to be greater than 126 mg/dl, the patients were
labelled as diabetic.21 The medical officer of PHC either initiated the
treatment or referred the patients to higher centres for further

2.7.3. Sources of data and date variables
Semi-structured questionnaire data collection tool was used. The
data from both groups was extracted from the TB treatment cards, dia
betic treatment cards, laboratory reports. The data variables included
socio-demographic profile, clinical features, diabetic status, treatment
adherence and treatment outcomes.
2.8. Data analysis
The data was entered and analyzed using SPSS software version 24.
The results are interpreted as proportions and percentages. Fisher
exact tests was used to find out the association of supervision of DM
treatment and control of diabetes and Sociodemographic-clinico vari
ables with treatment outcome of tuberculosis separately. The mean
differences of HbA1c were calculated among the intervention and nonintervention groups using two-way repeated measures of ANOVA and
the ‘p’value of less than 0.05 was considered statistically significant.
2.9. Institutional ethics
The study was approved by Father Muller Charitable Institution
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ethics committee at Mangalore, Karnataka vide no. FMMC/FMIEC/
4281/2017. The official permission to conduct the study was also ob
tained from the State and District TB office. The patients’ data were kept
completely confidential and the personal identifiers were never revealed
in any form while reporting the results.

Table 2
Distribution of TB treatment outcome with socio-clinico-demographic variables.
TB Treatment Outcome
Unfavorable
Outcome
N

Na%

N

N%

p
value

≥65 years
<65 years
Female
Male
Transgender
Urban
Rural
EPTB
Pulmonary
Tablets only
Tablets and
Insulin
Insulin only
Yes
No
Diabetic
Range
Normal
Diabetic
Range
Normal
Diabetic
Range
Normal
Diabetic
Range
Normal
Diabetic
Range
Normal
Diabetic
Range
Normal

3
3
3
3
0
4
2
0
6
0
5

12.50%
3.95%
15.79%
3.75%
0.00%
10.81%
3.17%
0.00%
6.98%
0.00%
8.77%

21
73
16
77
1
33
61
14
80
32
52

87.50%
96.05%
84.21%
96.25%
100.00%
89.19%
96.83%
100.00%
93.02%
100.00%
91.23%

0.148

1
2
4
4

9.09%
4.00%
8.00%
4.88%

10
48
46
78

90.91%
96.00%
92.00%
95.12%

2
5

11.11%
5.56%

16
85

88.89%
94.44%

0.478

1
6

10.00%
7.06%

9
79

90.00%
92.94%

0.587

0
6

0.00%
7.06%

15
79

100.00%
92.94%

0.587

0
5

0.00%
5.60%

15
85

100.00%
96.40%

0.575

1
6

10.00%
6.60%

9
85

90.00%
93.40%

0.427

0

0.00%

9

100.00%

Diabetic
Range
Normal

6

6.80%

82

93.20%

0

0.00%

12

100.00%

3. Results
Age

3.1. Comparison of the TB treatment outcomes

Sex

The mean age of the TB-DM patients was found to be 54 ± 11 years.
The mean age among the intervention and non-intervention TUs were 55
± 11 and 53 ± 11 years respectively.
Nearly 75% of patients were males among both the groups. Nearly
84% and 44% of patients were from rural settings among the nonintervention and intervention groups. About 80% of TB patients had
pulmonary TB among both the groups.
There was no association between the favorable TB treatment out
comes amongst the TB DM patients and their socio-clinico-demographic
variables [Table 2].

Address
Site of Tuberculosis
Treatment Details

Supervision
FBS at initiation of
treatment

3.2. HbA1c levels at the baseline, 3 months from baseline and at the end
of TB treatment

FBS at the end of
treatment

A two-way repeated measure ANOVA with a Greenhouse Giesser
correction determined that the mean value of HbA1c was statistically
significant between assessment stages (Initiation of Treatment, middle
to treatment and Completion of treatment) (F (1.340, 125.933) = 4.029,
p 0.035) for the study subjects and interaction HbA1c and supervision
arm also had a significant effect. (F (1.340, 125.933) = 8.012, p 0.002)
[Fig. 2].

PPBS at initiation of
treatment
PPBS at the end of
treatment
HbA1C at initiation
of treatment
HbA1C after
3months of
initiation of
treatment
HbA1C at the end of
treatment

3.3. The concurrent control of diabetes through FBS and PPBS at the
baseline and at the end of TB treatment
A two-way repeated measure ANOVA was conducted for the mean
FBS and PPBS value at two stages (initiation of treatment and comple
tion of treatment) for the intervention and non-intervention groups.
However, it was found to be statistically non-significant [Tables 3 and
4].

a

Favorable
outcome

0.138
0.190
0.591
0.187

0.678
0.294

0.351

Row percentages.

Table 1
Sociodemographic characteristics, diabetes management and treatment
outcome among TB-DM patients in non-intervention and intervention group (N
= 94).

Age group
Sex
Settings
Type of TB
Diabetic
treatment
TB treatment
outcome

a

≥65 years
<65 years
Female
Male
Transgender
Urban
Rural
EPTB
Pulmonary
Tablets only
Tablets and
Insulin
Insulin only
Negative
results
Treatment
Success
Lost to follow
up

Non-intervention
TUs (n = 50)

Intervention
TUs (n = 52)

N (%)a

N (%)

11(22)
39(78)
11(22)
38(76)
1(2)
8(16)
42(84)
4(8)
46(92)
11(22)
29(58)

14(27)
38(73)
9(17)
43(83)
0(0)
29(56)
23(44)
11(21)
41(79)
21(40)
30(58)

10(20)
4(8)

1(2)
2(4)

46(92)

48(92)

0(0)

2(4)

‘p’
value
0.563
0.480

<.001
0.061
0.005

0.263

Fig. 2. Clustered Box plot showing the distribution of HbA1c values around the
mean at different points of follow up in Supervised and Non Supervised TUs.

Column percentages.
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district of Dakshina Kannada. One key factor can be the age of the pa
tients. The majority of the patients were below the age of 65 years. The
mean age of the study participants was 54.37 years. Though the mean
age of the study participants in the supervised group was less than the
mean age in the unsupervised group but that was not found to have any
significant effect on the TB treatment outcomes.
Diabetic DOT led to relative improvement in diabetic control over
the period of time from the baseline to the last measurement, especially
for Postprandial Blood sugar and HbA1c. Undoubtedly, diabetic
screening and follow-up are a must in TB patients. Though many point of
care HbA1c tests have been tested, their sensitivity is always question
able. Political commitment, the first pillar of DOTS strategy in Tuber
culosis management needs to be also focusing on overall glycemic
control since we are dealing with dual epidemics of Diabetes and
Tuberculosis.
Most of the patients could not attain glycemic control at the end of
treatment and glycemic control did not appear to translate into favor
able outcomes significantly. Nandakumar et al.29 also did not observe
any association between the diabetic control with treatment response or
outcome. On the contrary. Mahisale et al. observed the negative effect of
poor glycemic control on the treatment outcomes in patients with pul
monary tuberculosis.30 Chiang CY also analyzed the effect of glycemic
control on TB treatment outcomes. The treatment success proportion
was related inversely to HbA1C, but they considered mainly the pre
treatment HbA1C values.31
There are a few programmatic implications of this operational
research. First, linking treatment support of TB with the supervision of
diabetes treatment may help in the long term Glycemic control during
the course of TB treatment in TB-DM patients although supervision of
diabetes treatment through diabetic DOT did not have any bearing on
the Tuberculosis treatment outcome.
Secondly, regular FBS and PPBS monitoring in TB-DM patients may
not give the true picture of glycemic control. Hence, routine monitoring
of FBS and PPBS in patients with higher Random blood sugar should be
replaced with HbA1c monitoring.
The study was unique as it involved the Diabetic treatment super
vision along with the TB treatment supervision under the Programmatic
settings. The supervision was done by treatment supporters at the level
of Primary Health Centres. The study had a few limitations, bigger
sample size is required to determine the role of Glycemic control in TB
DM patients. Standardized Diabetic treatment could not be ensured due
to different physicians involved in the treatment in various TUs. Further,
in the field settings, the HbA1c testing was done in different laboratories
which were in the vicinity of the patient’s residential area. The different
laboratories might have used different process/principle for HbA1c, FBS
and PPBS testing. Standardized Glycemic profile testing could not be
achieved in the programmatic settings. There were challenges also
observed in the study viz, nonavailability of HbA1c testing in the Pri
mary Health Care and the varying cost of the HbA1c in the private health
sector.

Table 3
Concurrent control of diabetes through FBS at the baseline and at the end of
treatment in Supervised and Non-Supervised TUs.
Supervision
Arm

Non
Supervised
TUs
Supervised
TUs

FBS

FBS at
initiation of
treatment
FBS at end of
treatment
FBS at
initiation of
treatment
FBS at end of
treatment

Mean

Std.
Error

95% Confidence
Interval
Lower
Bound

Upper
Bound

182.660

8.296

166.187

199.132

195.851

8.641

178.694

213.008

182.939

8.125

166.806

199.071

184.980

8.463

168.177

201.783

Table 4
Concurrent control of diabetes through PPBS at the baseline and at the end of
treatment in Supervised and Non-Supervised TUs.
Supervision
Arm

Non
Supervised
TUs
Supervised
TUs

PPBS

PPBS at
initiation of
treatment
PPBS at end of
treatment
PPBS at
initiation of
treatment
PPBS at end of
treatment

Mean

Std.
Error

95% Confidence
Interval
Lower
Bound

Upper
Bound

275.891

13.425

249.236

302.547

295.340

12.118

271.280

319.401

282.171

13.148

256.066

308.277

263.408

11.868

239.844

286.973

3.4. Association between the control of diabetes and TB treatment
outcome
The diabetes management among the non-intervention group
included tablets (22%), tablets and insulin (58%) and insulin alone
(20%). While the therapeutic management of diabetes among the
intervention group included tablets (40%), tablets and insulin (58%)
and insulin alone (2%) [Table 1].
The mean treatment adherence for antidiabetic medication in the
intervention group as verified by the empty blisters and vials was found
to be 87%. There was no association between control of diabetes and TB
Treatment outcomes [Table 2].
4. Discussion

5. Conclusion

This is a novel study to assess the effect of supervision of Diabetes
treatment along with TB treatment supervision under programmatic
settings in TB DM patients; the outcome variable being the comparison
of TB treatment outcomes among TB DM patients.
Diabetes was associated with poor treatment outcomes in TB DM
patients, especially, in pulmonary TB cases.14,22–26 but the DOT strategy
which was adopted in Diabetic treatment supervision in our study in TB
DM patients over and above the Supervision of TB treatment did not
yield any significant difference over the unsupervised group in terms of
TB treatment outcomes. Singla A et al. and Satung J et al. also observed
that there was no effect on treatment outcomes of Tuberculosis in TB DM
patients.27,28 This might be attributed to the high level of literacy and
better health indicators and access to better health care in the coastal

Under programmatic settings, Diabetic Treatment supervision for TB
DM patients over and above the TB treatment supervision by the
Treatment Supporters helps in relatively better glycemic control as
compared to that in non-supervised TB-DM patients. There was no effect
of Diabetic Treatment supervision for TB DM patients on the TB treat
ment outcomes.
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