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Abstract
Background  India has a dual burden of tuberculosis (TB) and diabetes mellitus (DM). Integrated care for TB/DM is still in 
the early phase in the country and can be considerably enhanced by understanding and addressing the challenges identified 
from stakeholders’ perspectives. This study explored the challenges and opportunities at individual, health system and policy 
level for integrated care of TB/DM comorbidities in India.
Methods  We used an outlier case study approach and conducted stakeholder interviews and focus group discussions with 
relevant program personnel including field staff and program managers of TB and DM control programs as well as officials 
of partners in Indian states, Kerala and Bihar.
Results  The integrated management requires strengthening the laboratory diagnosis and drug management components of 
the two individual programs for TB and DM. Focused training and sensitization of healthcare workers in public and private 
sector across all levels is essential. A district level management unit that coordinates the two vertical programs with a hori-
zontal integration at the primary care level is the way forward. Substantial improvement in data infrastructure is essential 
to improve decision-making process.
Conclusion  Bi-directional screening and management of TB/DM comorbidities in India requires substantial investment in 
human resources, infrastructure, drug availability, and data infrastructure.

Keywords  Tuberculosis · Diabetes mellitus · Comorbidity · Noncommunicable diseases · Delivery of health care · 
Integrated care · Tb elimination
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Abbreviations
CHC	� Community health centers
DALY	� Disability-adjusted life year
DM	� Diabetes mellitus
FGD	� Focus group discussion
IDI	� In-depth interviews
NCD	� Noncommunicable diseases
NPCDCS	� National Program for Prevention and Control 

of Cancer, Diabetes, CVD and Stroke
NTEP	� National Tuberculosis Elimination Program
PHC	� Primary health centers
RNTCP	� Revised National TB Control Program
STEPS	� System for TB Elimination in the Private 

Sector
TB	� Tuberculosis

1  Introduction

Globally, India has the highest burden of tuberculosis (TB) 
and the second highest burden of diabetes mellitus (DM) 
[1, 2]. India had an estimated incidence of 2.64 million TB 
cases in 2019 of which the national program notified 2.4 mil-
lion [1]. India has an estimated 75 million diabetic patients 
in 2021 [2]. Even with a rapid epidemiological transition in 
recent years [3], TB remains one of the top five causes of 
disability-adjusted life years (DALYS) as per global burden 
of diseases (GBD) data for 2019 [4]. DM triples the risk of 
developing TB and worsen its clinical course and outcome, 
whereas TB affects glycemic control in people with diabetes 
[5–7].

India’s Revised National TB Control Program (RNTCP), 
now known as National Tuberculosis Elimination Program 
(NTEP) evolved as one of the world’s largest public health 
programs that has saved at least 7.75 million lives between 
1997 and 2016 [8]. Previous estimates using antibiotics sales 
data had shown that India’s TB program missed about a mil-
lion cases annually [9], but the number of missing cases has 
come down drastically in recent years [3, 9]. Studies have 
also shown that substandard treatment for TB in India’s vast 
and unregulated private healthcare sector is a public health 
issue [10–12]. The National Program for Prevention and 
Control of Cancer, Diabetes, CVD and Stroke (NPCDCS) 
started in 2010 [13] covers the whole country since March 
2016. However, estimates shows that around 39 million dia-
betic patients remain undiagnosed in India [2]. RNTCP and 
NPCDCS developed a collaborative framework in 2017, in 
line with the collaborative framework developed globally 
by WHO and the International Union Against TB and Lung 
Diseases in 2011 [6]. The overall goal of the program was 
to reduce morbidity and mortality through prevention and 
bi-directional screening for early detection and treatment 
of both the diseases. The program objective included early 

screening of diabetes in registered TB patients, to strengthen 
the referral mechanism between the programs, to strengthen 
the management of comorbid conditions across the programs 
and to establish surveillance and monitoring and evaluation 
mechanisms for the collaborative activities. The implemen-
tation strategies included establishing joint planning and 
review committees at the national, state, and district levels 
and establishing protocols to improve diagnosis and man-
agement through screening of all TB patients. The program 
aimed at improving diagnosis and management of TB among 
diabetes patients through intensified detection of active TB 
disease in healthcare settings where diabetes is managed, 
and by ensuring TB treatment and management. The col-
laboration also aims to have joint monitoring and evaluation 
with standardized reporting system and data sharing between 
the programs, joint training of program staff including those 
in the field, awareness and educational activities and opera-
tional research.

A recent comprehensive quantitative assessment high-
lights how diabetes could be emerging as the leading driver 
of TB incidence and mortality in India [14]. It is estimated 
that nearly 20% of all TB patients in India suffer from dia-
betes, with nine times higher odds for treatment failure, 1.6 
higher odds for relapse and 1.9 higher odds for death [14].

1.1 � Box: What we know already on the topic

We conducted a review of literature on tuberculosis and 
diabetes co-management in India on four databases- 
PubMed, MEDLINE, Embase and Global Health. We 
searched the title and abstracts of publications in English, 
without any year restriction, using the key words ‘dia-
betes mellitus’, ‘tuberculosis’, and ‘India’. The literature 
shows that prevalence of diabetes amongst TB patients 
in India ranges between 12.39 and 44%. The prevalence 
is highest in southern states (range: 25.3% to 44%), fol-
lowed by northern states (range: 12.8–15.8%). Southern 
state of Kerala reported the highest prevalence (44%) 
while central state of Madhya Pradesh reported the low-
est prevalence of diabetes amongst TB patients (12.39%). 
Independent studies conducted in various Indian states 
of north, south, central, east, and western India simi-
larly concluded that the older pulmonary TB patients 
(> 50 years) with overweight/obesity, alcohol users and 
smokers had significantly higher odds of having diabetes 
compared to younger patients (< 40 years). The studies 
noted that male TB patients had a higher prevalence of 
diabetes than female patients except in western India 
and rural India. In western India, prevalence of diabe-
tes is more in female pulmonary TB patients whereas in 
rural Indian population, prevalence of diabetes is almost 
gender independent. Delay in seeking medical care and 
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poor compliance with treatment contributed to the higher 
coexistence of TB-diabetes among the rural population. 
The studies also noted that pulmonary TB patients with 
diabetes have lower cure rate and poorer treatment out-
comes compared to patients without diabetes. The stud-
ies observed that the coexistence of these two conditions 
increased with advanced age.

Since the diabetic patients are at higher risk of devel-
oping TB and TB worsens glycemic control of diabetic 
patients, the World Health Organization in 2011 recom-
mended bi-directional screening for TB and DM. With 
sustained programmatic efforts, bidirectional screening 
is showing results. While only 29% of the notified TB 
patients were screened for DM in 2018, the rate increased 
to 64% in 2019 (2020 TB report) [1]. However, there 
exists wide variation across states underscoring the need 
for nationwide policy development to promote TB-DM 
bi-directional screening.

Health systems need to integrate the TB/DM services 
to have an effective management of these comorbidities. 
The effectiveness of an integrated care can be consider-
ably enhanced by understanding and addressing the chal-
lenges identified from stakeholders’ perspectives. This 
exploratory study was therefore undertaken to understand 
the challenges and opportunities at individual, health 
system and policy level for integrated care of TB/DM 
comorbidities in India.

2 � Methodology

2.1 � Study Design

We used an outlier case study approach to conduct the study 
in two states of India: Kerala and Bihar. The south Indian 
state, Kerala has relatively better socioeconomic indicators 
and better health system, while the eastern Indian state of 
Bihar has relatively poor socioeconomic indicators and com-
paratively weak health system. To illustrate, Bihar had a TB 
case examination rate of 438/100,000 population while Ker-
ala had a rate of 1,466/100,000 [1]. At the same time, Kerala 
(65.76/100,000) and Bihar (67.03/100,000) had similar case 
notification rates [15]. This shows that even with higher test-
ing rate, Kerala reports lower TB incidence while Bihar’s 
low TB rates are partially attributable to the low testing rate.

We conducted exploratory in-depth interviews (IDIs) and 
focus group discussions (FGDs) with relevant program per-
sonnel including, field staff and program managers of TB 
and DM control programs and officials of partner organiza-
tions. The key topics and questions covered in the interviews 
are listed in Table 1.

Interview participants were identified based on their role 
in the TB and DM control programs or from among the offi-
cials of partner organizations working in this field (Table 2). 
Participants were informed about the study objectives and 
once they agreed to participate, a mutually convenient time 
was selected for the interview. Interviews were conducted 
either face to face or using Zoom platform. Verbal consent 
was obtained from all participants. Ethical approval with a 
written consent waiver was obtained from the institutional 
review board of the Ananthapuri Hospitals and Research 

Table 1   Interview questions

Topic Main question Follow-up question Probe question

Perception What do you know about the problem of 
TB and Diabetes coming together?

How big is the problem? –

Case finding What is the case finding strategy? How are presumptive TB and DM cases 
detected?

What are the anticipated barriers in case 
detection?

Confirmation What are the steps involved in diagnosing 
a suspected TB and DM cases?

How could we facilitate early diagnosis 
of suspected cases?

Who is responsible and what is their role?

Treatment What are the treatment delivery methods 
for the integrated management?

How is the medication administered? 
What system is in place to ensure medi-
cine availability?

What are the barriers in treatment adher-
ence?

Prevention What are the activities that are being 
done to prevent TB-DM in your area?

How effective are our prevention strate-
gies?

What are their strengths and weaknesses?

What can be done to prevent the worsen-
ing of TB-DM epidemic?

Challenges What are the main challenges/barriers? How can we overcome these challenges? Are healthcare workers and programs get-
ting enough support for your work?

Do staff require more training to do this 
job well?

Suggestions Can you suggest what more can be done? – –
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institute, Kerala, India. The interview guide was translated 
to Malayalam (for Kerala) and Hindi (for Bihar).

2.2 � Data Analysis

We followed the thematic analysis approach outlined by 
Braun and Clark for qualitative data analysis [16]. This 
approach has six-steps starting with getting familiarized 
with the data, followed by assigning initial codes, generating 
themes, checking validity and reliability of the themes, add-
ing definition of the themes, and finally interpretation and 
reporting. The interviews and FGDs were audio recorded 
for face-to-face interviews or video recorded for zoom inter-
views. The interviews and FGDs were transcribed and trans-
lated to English and the content was analyzed manually. All 
transcripts were repeatedly read, and key themes were iden-
tified. We used a deductive approach to analyze the qualita-
tive data, given the nature of the research questions and the 
prior knowledge (literature-based) regarding the key factors 
that affect integrated care. The information was triangulated 
through findings from different stakeholders.

3 � Results

Seven key themes emerged from the analysis (Table 3), 
which are described below.

3.1 � Perception of the TB/DM Comorbidity 
as a Public Health Problem

The respondents from the two states differed in their per-
ception of the seriousness of the problem as well as their 
assessment of the health system’s ability to manage TB/DM. 
Respondents from the state with a weaker healthcare system 
and high TB burden (Bihar) marked a lower rating of the 
seriousness of the problem of TB/DM than the respondents 
from the state with a better healthcare system and low TB 
burden (Kerala). The capacity of the health system was rated 
poor by the respondents from Bihar compared to respond-
ents from Kerala.

“Diabetes mellitus complicates diagnosis as well as 
treatment and management of TB in the state…”
(IDI, partner organization official)

“We have up to 40% prevalence of diabetes among 
TB patients… It can be termed “diabetic driven TB 
epidemic”.
(IDI, partner organization official)

“We do not know much about it (TB/Diabetes comor-
bidity). But we know that as cases of diabetes is 
increasing in our locality, out TB patients can have 
diabetes”
(FGD, healthcare workers, Bihar)

“A committee was formed and had met once, but there 
was no follow-up. Other departments are not serious 
with TB patients.”
(IDI, program official, Bihar)

3.2 � Public Sector Ownership and Decentralized 
Care

Study participants in Kerala alluded to the local govern-
ment system’s role in identifying and addressing social 
determinants of TB. The local governments show political 
commitment and allocate sufficient resources to provide 
patient support like food rations, transportation cost, etc. 

Table 2   List of in-depth 
interviews and focus group 
discussions

Data collection method Category Number of participants

In-depth interview Program officials 5
Partner officials 3
Medical officer 1
Private clinician 1

Focus group discussion (FGD) Healthcare workers 6 per groups, 2 FGDs
TB program staff 6 per group, 2 FGDs

Table 3   Key themes that emerged from the analysis

1. Perception of the TB/DM comorbidity as a public health problem
2. Public sector ownership and decentralized care
3. Private sector participation
4. TB/DM case detection
5. TB/DM case medical management
6. Human resource needs
7. Training needs
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The TB program staff found the local governments to be 
very supportive. In Bihar, district officials, NGO partners, 
and field staff of the TB program are concerned about the 
lack of political commitment as well as resources for the 
TB program.

“If a patient is not able to be followed-up, we do take 
support from local government officials like panchayat 
(village government) members and police officers for 
counseling them and to help the patient to restart the 
treatment regimen”
(FGD, TB program staff, Kerala)

“If government systems worked better, we would 
not have been here. Government system in the state 
(Bihar) is not working well, they are unaware of what 
is needed in TB control…also for TB/DM control.”
(IDI, partner organization official)

3.3 � Private Sector Participation

Kerala brought in private sector providers very early in the 
TB program implementation through training and engaging 
professional organizations like Indian Medical Association 
through the Global Fund supported public private mix pro-
jects. This was later continued by other projects like JEET 
[17]. The specialty doctors are also well informed about the 
criteria for finding TB cases as well as TB/DM comorbid 
conditions. Private sector practitioners in Kerala screen most 
of the TB patients for DM, although, screening of diabetic 
patients for TB is still lagging. However, the clinicians in 
the private health sector in Kerala are not so much aware 
and sensitized about the importance of DM as a risk factor 
of TB. Therefore, there are not enough efforts in the private 
sector for bi-directional screening of TB/DM.

“Even though TB programs are implemented through 
private sector, these institutions do not have exclusive 
staff for TB reporting and follow-ups, which should 
be considered as one of the weaknesses. All diabe-
tes cases are not screened for TB in (private) institu-
tions….””
(IDI, private provider, Kerala)

However, this “weakness” could be addressed by a close 
monitoring of the implementation of the STEPS initiative 
under the under the JEET project [17], which is a single 
window for notification, linkage for public health actions 
and treatment adherence support in every private hospital. 
But primary care level health workers and field staff were 
not aware of STEPS program.

“No, we have never heard of that (STEPS). We know 
TB treatment is free in government facilities. Nobody 

in the village is aware that TB medication and treat-
ment is free even if they go to a private hospital”
(FGD, healthcare workers, Kerala)

On the other hand, there exist wide gaps in the engage-
ment of private practitioners in TB control efforts including 
managing comorbidities in Bihar. The state could not gather 
enough private provider support for many years, and only 
recently the State started to make some progress through 
the Patient Provider Support Agency (PPSA) project. Even 
though the support was not as forthcoming as anticipated, 
the new intervention helped to improve case notification 
from private sector.

“This interface agency project has a huge role…, when 
we started this program as a pilot in 2014 private sec-
tor notification used to be around 50 cases annually, 
but in 1 year we took the notification to 18,000... gov-
ernment alone cannot do this.”
(IDI, partner organization official)

“We will take much time to reach uniform and stand-
ardized quality treatment in public sector, so it is bet-
ter that we engage in respectful partnership with the 
private sector.”
(IDI, Program official, Bihar)

3.4 � TB/DM Case Detection

At present, there is a clear policy and operational framework 
for the management of co-morbidity of TB-DM like TB-
HIV. Diabetic patients visiting the primary health centers 
(PHCs) and community health centers (CHCs) are directed 
to the NCD clinic. According to the protocol, the patients 
in the NCD program are first referred for counseling, where 
they are informed about the diabetic medications and life-
style/diet practices. Along with this, patients are assessed for 
TB symptoms, and symptomatic patients are referred to the 
nearest TB diagnostic centers. In TB diagnostic facilities, 
these patients are referred to CBNAAT examination since 
they come under the category of vulnerable population due 
to comorbidity. Similarly, when a patient is first diagnosed 
with TB, he/she undergoes diagnosis for other comorbidities 
including DM. Eventually diabetic patients are identified 
from the TB program and TB patients are picked up from 
NCD clinics. Though these guidelines and standards exist, 
the service delivery vary between the states.

“All patients visiting NCD clinics are asked for four 
symptoms of TB (i.e., fever, night sweat, cough and 
weight loss) ...and a ‘4S’ stamp/ seal is placed. This 
system is a documented evidence that health workers 
have asked the question for the symptoms of TB to an 
NCD patient”.
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(IDI, program official, Kerala)

In Bihar, program management of TB/DM is in the very 
nascent stage. There is a consensus among all respondents 
that much needs to be done in improving the bi-directional 
screening. Shortage of laboratories and inadequate testing 
facilities are challenges.

“Focus on testing for diabetes has increased, earlier it 
was not compulsory but now government has made it 
compulsory, but it’s not integrated even now.”
(IDI, partner organization official)

“Government says we are doing enough (diabetes) 
tests, but you know what is happening in PHCs. There 
is no specific program for control of diabetes. This is 
a real problem”
(IDI, program official, Bihar)

3.5 � TB/DM Medical Management

In Kerala, during the whole duration of TB treatment, the 
patients are monitored for both TB and DM by the TB pro-
gram in coordination with the field level primary health-
care staff like junior public health nurses and junior health 
inspectors. The blood sugar values are documented in ‘TB 
patient cards’ and, patients are kept under surveillance even 
after TB is cured because he/she will still be vulnerable to 
TB relapse. The medicine supply for DM is streamlined and 
decentralized to a large extent.

In Bihar, TB patients requiring DM medication are most 
often referred to a specialist doctor. The care is not decen-
tralized and integrated, and patients are asked to follow-up 
with the NCD clinics.

“Hospital can do a lot, but management in the hospital 
needs to be improved.”
(FGD, healthcare workers, Bihar)

“TB has separate system for medicine supply and Dia-
betes has separate system, they are not integrated.”
(IDI, partner organization official)

3.6 � Human Resource Needs

TB program is well integrated into the general health system 
in Kerala, and the existing permanent staff in the general 
health system consider TB as part of their job portfolio, 
though contractual positions under NTEP still exist. On the 
contrary, most of the TB program staff in Bihar are con-
tractual positions and most positions remain vacant. Lack 
of staff in hospitals is also a barrier in TB case detection 
and testing.

“Primary health centers are still struggling to follow 
up TB patients due to lack of lab technicians and 
field supervisors. Accredited social health activists 
(ASHAs) are key health workers to find suspected 
TB cases and they help patients to come to the hos-
pitals for the sputum testing and follow up with them 
till completion of treatment. But due to shortage of 
TB treatment supervisors and TB laboratory super-
visors, the timely follow-up with presumptive cases 
gets delayed.”
(IDI, medical officer, Bihar)

Same is the case with DM testing and follow-up.

“Whatever human resources are available for TB care 
should be fully devoted to TB management. But they 
are assigned with many other duties and therefore 
we cannot optimize TB case detection and manage-
ment.”
(IDI, program official, Bihar)

“Health care facilities face manpower shortage. 
There is no doctor and the front level staff are 
stretched. As there is no sufficient sputum micros-
copy or GeneXpert facilities, how will diagnosis 
happen? As a government official, I can’t say much. 
But if you go to the field, then you will see it your-
self.”
(IDI, program official, Bihar)

3.7 � Training Needs

To improve diagnosis and treatment of TB and DM, doc-
tors and other health workers need better training. If a TB 
patient is diagnosed with DM, the patient is referred to 
another hospital for antidiabetic treatment. Lack of ade-
quate training for doctors and the low competence level of 
doctors at PHC hinder integrated management. In-service 
training programs for doctors and including chapters on 
co-management of diseases in textbooks, as part of medi-
cal curriculum or specialist training, and developing pro-
fessional guidelines for TB/DM co-management will build 
capacity among the healthcare professionals and support 
decentralized care.

“Lack of confidence among doctors is an issue. In TB 
we know it is a standardized regimen but for diabetes 
it is not that standardized. So, doctors at the primary 
care level are not confident to manage TB/DM”
(IDI, medical officer, Bihar)

“We should have included training of doctors on TB 
and diabetes in the TB training module at least 5 years 
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ago so that we could have a well-equipped system for 
TB –Diabetes management”
(IDI, program official, Bihar)

4 � Discussion

Our study adds to the existing knowledge on TB/DM inte-
grated management in India and highlights the challenges 
for a seamless integration, using an outlier case study 
approach. There are six key messages that emerge from 
our study (Table 4).

First, strengthening the individual programs for TB and 
DM is critical for integrated management of comorbidi-
ties. Kerala had a relatively strong TB control program 
built on a well-organized and functional health system at 
the primary care level, which helped to effectively imple-
ment the DOTS strategy when it was launched in the late 
1990s [18], but in Bihar the TB program is still in a phase 
of stabilization [19]. A strong political commitment at the 
state level along with political stewardship at the Local 
Self Government (LSG) level helped Kerala to overcome 
many structural and financial barriers that affected other 
states [20]. The participation of the private healthcare sec-
tor in the state and the resultant synergy of public and 
private sectors helped to implement the DOTS strategy 
at a wider scale, compared to other states [21]. Whereas, 
experience from Bihar shows the scope of improvement 
regarding political commitment. Districts in Bihar lack 
basic facilities like an adequate number of functional spu-
tum microscopy centers and X-ray machines. Shortage of 
clinical staff and field level program staff are the results 
of a long history of lack of political and administrative 
commitment. Organized and systematic engagement of the 
private sector is only a recent phenomenon in Bihar and 
though drug-resistant TB services and TB/HIV have been 
in place for a few years TB/DM services have only started 
recently [22].

Second, effective integration with general health sys-
tems calls for improved vertical-horizontal synergy. 
Absence of a designated cadre of staff for DM or NCDs at 

the field level and designated district level officials limits 
the scope of integration of programmatic management. TB 
has an appropriately designed vertical program in place, 
while DM is largely managed through the ‘horizontal’ gen-
eral healthcare system. When HIV/TB integrated services 
were launched, there was a relative advantage as both dis-
eases had some form of vertical structures. This is not the 
case with TB/ DM. DM is managed through the general 
health staff and many states do not have a designated dis-
trict level official to manage the NCD programs. However, 
for many states the district nodal officer for TB and HIV is 
the same, (usually the district TB officer) which makes it 
easy to coordinate the program staff in TB and HIV pro-
grams. Adding field level staff for vertical management of 
NCDs may not be immediately feasible given the financial 
constraints. However, having a dedicated NCD official at 
the district level is the minimum essential requirement to 
coordinate the TB and DM management. Research shows 
that TB patients newly diagnosed with diabetes are “lost” 
to the health system after their TB treatment is completed 
[23]. Even when policy is present, poor quality of care for 
DM patients along with NCD services with poor monitor-
ing and evaluation were issues in TB-DM co-management 
[24].

Third, coordination between the TB and DM program 
at the district level is essential to ensure service delivery. 
The national, and to a large extent the state coordination 
mechanisms work at the policy and supervisory level, while 
the district coordination is critical in ensuring clinical care 
and streamlining programmatic management [25]. A well-
functioning district level coordination not only addresses 
programmatic challenges, but also streamlines clinical care. 
Given the complexities around TB/DM especially with the 
increasing number of drug-resistant TB cases, comorbid TB 
patients cannot be managed solely by TB program staff and 
district TB officers. This requires a higher-level commitment 
from the state leadership of both programs.

Fourth, integrated management calls for addressing 
training and skill gaps at multiple levels. TB and DM are 
complex diseases by themselves that demand expertise to 
manage as individual medical conditions, and this calls 
for additional efforts for training healthcare workers [26]. 
This is more relevant in the Indian context due to three 
reasons. One, there is considerable diversity in the avail-
ability and quality of healthcare providers across Indian 
states. Two, TB drug resistance is not just a programmatic 
challenge but also a clinical challenge in India with the 
scarcity of specialist physicians in the public health sys-
tem in many states. Third, TB/DM comorbidity is less 
understood as a public health problem not only by the 
primary care and community level healthcare workforce, 
but also by specialist physicians in the private sector. The 
interviews revealed the apparent lack of understanding of 

Table 4   Key messages on improved TB/DM integrated management

1. Stronger political commitment to strengthening individual 
programs

2. Effective integration with general health system through better 
horizontal-vertical strategy

3. District level TB/DM program coordination
4. Closing the training and skills gap
5. Resource mobilization
6. Strengthening data systems
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the seriousness among healthcare workers regarding the 
double burden of diseases in Bihar that has a relatively 
poor health system capacity in addressing the challenges. 
Even in Kerala with a better coordination in place, private 
sector clinicians-both respiratory medicine specialists and 
diabetologists/ general physicians-need focused training 
on improved bi-directional screening as our study shows.

Fifth, additional resource mobilization is imperative for 
effective bi-directional screening. The literature suggests 
that it would be beneficial to integrate a symptom-based 
approach in routine health care to enable bidirectional 
screening [27]. The marginal costs for the same will also 
be less as compared to stand-alone screening programs [28]. 
Enabling factors for bi-directional screening include avail-
ability of facilities at the screening center, sensitized and 
trained staff, adequate financial resources for the health care 
facility for doing bi-directional screening and a robust NCD 
program. Review of studies shows that TB patients regis-
tered at tertiary and secondary health centers were more 
likely to be screened than primary health centers probably 
due to better availability of laboratories, testing facilities, 
positive attitude, better sensitization and awareness among 
treating physicians and healthcare workers [29, 30]. Studies 
also show that the bi-directional screening is highly accept-
able in the community if the health system can mobilize 
required additional resources [31]. In higher level medi-
cal centers, additional resources are not required, however, 
healthcare providers need to be sensitized regarding the 
importance of bi-directional screening [32, 33].

Finally, better decision-making requires better data. 
There exist data gaps that impede understanding of the 
problem of TB/DM in India, but the gaps are not uni-
form across the country. The literature review shows that 
TB/DM research is mostly concentrated in the southern 
states of India, probably due to the presence of more TB 
research institutions that undertake field studies. It can 
also be due to the differences in the epidemiology of 
NCDs between regions. However, with increasing inci-
dence of DM in all states across the country, research 
institutions and the TB and NCD program should under-
take more state specific population-based and hospital-
based studies. Available research are mostly epidemiolog-
ical studies quantifying the burden of the problem and the 
treatment outcomes. Modelling TB outcomes in the event 
of DM comorbidity suggests that lives may be saved by 
diagnosis and treatment of TB among DM patients [34].

5 � Conclusions

The TB/DM integrated management is still evolving in India 
and there are challenges and opportunities. The vast network 
of public health facilities offers opportunities to improve 

the service delivery. The challenge lies in strengthening the 
individual programs and to envision and implement a hor-
izontal-vertical integration. Understanding the stakeholder 
perspectives on the challenges and opportunities in effective 
integration is an important step in devising solutions. Our 
study points to the importance of decentralization of care 
and strengthening the district level coordination to enable 
bi-directional screening and management of TB/DM comor-
bidities. The disease control programs need to generate more 
data for better decision-making and close the skill gaps to 
improve integrated TB/DM management.

Author contributions  ASA conceptualized the project and secured 
funding. ASA, SFK, KRN, and LSS conceptualized and designed the 
study and methods, SFK, JL, CG, and SK conducted literature review, 
JL, SK, BK, and VK conducted the interviews, BK, JL and RV tran-
scribed and translated the interviews and discussions, SFK, BK, SK, 
and JL analyzed the content, SFK prepared the first draft of the manu-
script, JL, SK, and CG contributed to the drafting and revisions, KRK 
and ASA revised and edited the manuscript, AMP, LSS, and MPA 
reviewed the manuscript and contributed to the content. All authors 
read and approved the final version of the manuscript.

Funding  This study was partially supported by the Asia Pacific Obser-
vatory on Health Systems and Policies (APO) of the World Health 
Organization (Purchase Order: HSD/APO 202525686-2). The funders 
had no role in the design or conduct of the study; collection, manage-
ment, analysis, and interpretation of the data; or preparation, review, 
and approval of the manuscript. Acknowledgement: We acknowledge 
the support of Dr. Rinsa Vaheed in transcription and translation.

Availability of data and material  The authors confirm that the data 
supporting the findings of this study are available within the article.

Declarations 

Conflict of interest  SFK and LSS have previously worked as consult-
ants to support India’s TB program.

Ethics approval and consent to participate  Ethical approval with a 
written consent waiver was obtained from the institutional review board 
of the Ananthapuri Hospitals and Research institute, Kerala, India.

Consent for publication  The consent to publish was obtained along 
with consent for interview.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

http://creativecommons.org/licenses/by/4.0/


112	 Journal of Epidemiology and Global Health (2022) 12:104–112

1 3

References

	 1.	 Government of India. India TB Report 2020.pdf. 2021. https://​
tbcin​dia.​gov.​in/​Write​ReadD​ata/​l892s/​India%​20TB%​20Rep​ort%​
202020.​pdf. Accessed 14 May 2021.

	 2.	 International diabetes federation. India compares with China. Dia-
betesatlas.org. 2021. https://​www.​diabe​tesat​las.​org/​data/​en/​compa​re/​
93-​42/​idf-​count​ry-​data-​compa​rision.​html. Accessed 30 Nov 2021.

	 3.	 India’s epidemiological transition. News. 2018. https://​www.​hsph.​
harva​rd.​edu/​news/​multi​media-​artic​le/​india-​diabe​tes-​hyper​tensi​on-​
podca​st/. Accessed 13 Oct 2021

	 4.	 IHME. GBD India Compare|IHME Viz Hub. 2021. http://​vizhub.​
healt​hdata.​org/​gbd-​compa​re/​india. Accessed 5 May 2021.

	 5.	 Magee MJ, Blumberg HM, Narayan KV. Commentary: co-occur-
rence of tuberculosis and diabetes: new paradigm of epidemiologi-
cal transition. Int J Epidemiol. 2011;40(2):428–31. https://​doi.​org/​
10.​1093/​ije/​dyq268.

	 6.	 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. World Health Organization. 2011. 
http://​whqli​bdoc.​who.​int/​publi​catio​ns/​2011/​97892​41502​252_​
eng_​suppo​rt-​mater​ial.​pdf. Accessed 5 May 2021.

	 7.	 Magee MJ, Narayan KMV. Global confluence of infectious and non-
communicable diseases—the case of type 2 diabetes. Prev Med. 
2013;57(3):149–51. https://​doi.​org/​10.​1016/j.​ypmed.​2013.​05.​027.

	 8.	 Mandal S, Chadha VK, Laxminarayan R, Arinaminpathy N. Count-
ing the lives saved by DOTS in India: a model-based approach. BMC 
Med. 2017;15(1):47. https://​doi.​org/​10.​1186/​s12916-​017-​0809-5.

	 9.	 Arinaminpathy N, Batra D, Khaparde S, et al. The number of 
privately treated tuberculosis cases in India: an estimation from 
drug sales data. Lancet Infect Dis. 2016;16(11):1255–60. https://​
doi.​org/​10.​1016/​S1473-​3099(16)​30259-6.

	10.	 Satyanarayana S, Nair SA, Chadha SS, et al. From where are 
tuberculosis patients accessing treatment in India? Results from 
a cross-sectional community based survey of 30 districts. PLoS 
ONE. 2011;6:9. https://​doi.​org/​10.​1371/​journ​al.​pone.​00241​60.

	11.	 Udwadia ZF, Pinto LM, Uplekar MW. Tuberculosis management 
by private practitioners in mumbai, india: has anything changed 
in two decades? PLoS ONE. 2010;5:8. https://​doi.​org/​10.​1371/​
journ​al.​pone.​00120​23.

	12.	 Wells WA, Uplekar M, Pai M. Achieving systemic and scalable 
private sector engagement in tuberculosis care and prevention in 
Asia. PLoS Med. 2015;12(6): e1001842. https://​doi.​org/​10.​1371/​
journ​al.​pmed.​10018​42.

	13.	 Government of India. National Programme for prevention & 
Control of Cancer, Diabetes, Cardiovascular Diseases & stroke 
(NPCDCS) :: National Health Mission. 2021. https://​nhm.​gov.​
in/​index1.​php?​lang=​1&​level=​2&​subli​nkid=​1048&​lid=​604. 
Accessed 6 May 2021.

	14.	 Awad SF, Huangfu P, Ayoub HH, et al. Forecasting the impact of 
diabetes mellitus on tuberculosis disease incidence and mortality 
in India. J Glob Health. 2020;9:2. https://​doi.​org/​10.​7189/​jogh.​
09.​020415.

	15.	 Pardeshi G, Wang W, Kim J, Blossom J, Kim R, Subramanian 
SV. TB notification rates across parliamentary constituencies in 
India: a step towards data-driven political engagement. Trop Med 
Int Health. 2021. https://​doi.​org/​10.​1111/​tmi.​13574.

	16.	 Braun V, Clarke V. Using thematic analysis in psychology. Qual 
Res Psychol. 2006;3(2):77–101. https://​doi.​org/​10.​1191/​14780​
88706​qp063​oa.

	17.	 Balakrishnan S, Rakesh PS, Sunilkumar M, et al. STEPS: a solu-
tion for ensuring standards of TB care for patients reaching pri-
vate hospitals in India. Glob Health: Sci Pract. 2021;9(2):286–95. 
https://​doi.​org/​10.​9745/​ghsp-d-​20-​00449.

	18.	 Muraleedharan M, Chandak AO. Emerging challenges in 
the health systems of Kerala, India: qualitative analysis of lit-
erature reviews. J Health Res. 2021. https://​doi.​org/​10.​1108/​
JHR-​04-​2020-​0091.

	19.	 Babiarz KS, Suen S, Goldhaber-Fiebert JD. Tuberculosis treat-
ment discontinuation and symptom persistence: an observational 
study of Bihar, India’s public care system covering >100,000,000 
inhabitants. BMC Public Health. 2014;14:1. https://​doi.​org/​10.​
1186/​1471-​2458-​14-​418.

	20.	 Madore A, Rosenberg J, Dreisbach T, Weintraub R. Positive out-
lier: health outcomes in Kerala, India over time. Boston: Harvard 
Business Publishing; 2018.

	21.	 Mathew G, Kumar SCS, Cherian KM, Issac N, Benjamin AI. 
Revisions in TB programme—boon or bane? A qualitative study 
exploring barriers and facilitators among health care work-
ers in private and public sector, Kerala. Indian J Tuberculosis. 
2021;68(3):356–62. https://​doi.​org/​10.​1016/j.​ijtb.​2020.​12.​002.

	22.	 Biswas B, Kumar A, Agarwal N. Performance of revised national 
tuberculosis control program in Bihar: a situational analysis. J 
Fam Med Prim Care. 2020;9(2):735–9. https://​doi.​org/​10.​4103/​
jfmpc.​jfmpc_​1028_​19.

	23.	 Time to Address the Devastating Impact of TB on India’s Women. 
Women and Girls. 2021. https://​www.​time-​addre​ss-​devas​tating-​
impact-​tb-​indias-​women. Accessed 12 May 2021.

	24.	 TB Online-Gender disparity in TB care in India. 2021. https://​
www.​tbonl​ine.​info/​posts/​2017/9/​28/​gender-​dispa​rity-​tb-​healt​
hcare-​india/. Accessed 12 May 2021.

	25.	 Atre S, Kudale A, Morankar S, Gosoniu D, Weiss MG. Gender 
and community views of stigma and tuberculosis in rural Maha-
rashtra, India. Glob Public Health. 2011;6(1):56–71. https://​doi.​
org/​10.​1080/​17441​69090​33342​40.

	26.	 van Crevel R, Critchley JA. The interaction of diabetes and tuber-
culosis: translating research to policy and practice. Trop Med 
Infect Dis. 2021;6(1):8. https://​doi.​org/​10.​3390/​tropi​calme​d6010​
008.

	27.	 Balakrishnan S, Vijayan S, Nair S, et al. High diabetes preva-
lence among tuberculosis cases in Kerala, India. PLoS ONE. 
2012;7(10): e46502. https://​doi.​org/​10.​1371/​journ​al.​pone.​00465​
02.

	28.	 Jali MV, Mahishale VK, Hiremath MB. Bidirectional screening of 
tuberculosis patients for diabetes mellitus and diabetes patients for 
tuberculosis. Diabetes Metab J. 2013;37(4):291. https://​doi.​org/​
10.​4093/​dmj.​2013.​37.4.​291.

	29.	 Christopher DJ, Jeyaseelan L, Michael JS, et al. Burden of diabe-
tes among patients with tuberculosis: 10-year experience from a 
tertiary care referral teaching hospital in South India. Lung India. 
2020;37(3):232. https://​doi.​org/​10.​4103/​lungi​ndia.​lungi​ndia_​111_​
19.

	30.	 Sil A, Patra D, Dhillon P, Narasimhan P. Co-existence of diabetes 
and TB among adults in India: a study based on National Family 
Health Survey data. J Biosoc Sci. 2020;2020:1–15. https://​doi.​org/​
10.​1017/​S0021​93202​00005​16.

	31.	 Nine Lives: Indian women with tuberculosis speak out. BBC 
News. 2017. https://​www.​bbc.​com/​news/​world-​asia-​india-​39363​
425. Accessed 12 May 2021.

	32.	 Harries AD, Satyanarayana S, Kumar AMV, et al. Epidemiology 
and interaction of diabetes mellitus and tuberculosis and chal-
lenges for care: a review. Public Health Action. 2013;3(Suppl 
1):S3–9. https://​doi.​org/​10.​5588/​pha.​13.​0024.

	33.	 Pal R, Ansari MA, Hameed S, Fatima Z. Diabetes mellitus as 
hub for tuberculosis infection: a snapshot. Int J Chronic Dis. 
2016;2016:5981574. https://​doi.​org/​10.​1155/​2016/​59815​74.

	34.	 Awad SF, Critchley JA, Abu-Raddad LJ. Epidemiological impact of 
targeted interventions for people with diabetes mellitus on tubercu-
losis transmission in India: Modelling based predictions. Epidemics. 
2020;30: 100381. https://​doi.​org/​10.​1016/j.​epidem.​2019.​100381.

https://tbcindia.gov.in/WriteReadData/l892s/India%20TB%20Report%202020.pdf
https://tbcindia.gov.in/WriteReadData/l892s/India%20TB%20Report%202020.pdf
https://tbcindia.gov.in/WriteReadData/l892s/India%20TB%20Report%202020.pdf
https://www.diabetesatlas.org/data/en/compare/93-42/idf-country-data-comparision.html
https://www.diabetesatlas.org/data/en/compare/93-42/idf-country-data-comparision.html
https://www.hsph.harvard.edu/news/multimedia-article/india-diabetes-hypertension-podcast/
https://www.hsph.harvard.edu/news/multimedia-article/india-diabetes-hypertension-podcast/
https://www.hsph.harvard.edu/news/multimedia-article/india-diabetes-hypertension-podcast/
http://vizhub.healthdata.org/gbd-compare/india
http://vizhub.healthdata.org/gbd-compare/india
https://doi.org/10.1093/ije/dyq268
https://doi.org/10.1093/ije/dyq268
http://whqlibdoc.who.int/publications/2011/9789241502252_eng_support-material.pdf
http://whqlibdoc.who.int/publications/2011/9789241502252_eng_support-material.pdf
https://doi.org/10.1016/j.ypmed.2013.05.027
https://doi.org/10.1186/s12916-017-0809-5
https://doi.org/10.1016/S1473-3099(16)30259-6
https://doi.org/10.1016/S1473-3099(16)30259-6
https://doi.org/10.1371/journal.pone.0024160
https://doi.org/10.1371/journal.pone.0012023
https://doi.org/10.1371/journal.pone.0012023
https://doi.org/10.1371/journal.pmed.1001842
https://doi.org/10.1371/journal.pmed.1001842
https://nhm.gov.in/index1.php?lang=1&level=2&sublinkid=1048&lid=604
https://nhm.gov.in/index1.php?lang=1&level=2&sublinkid=1048&lid=604
https://doi.org/10.7189/jogh.09.020415
https://doi.org/10.7189/jogh.09.020415
https://doi.org/10.1111/tmi.13574
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.9745/ghsp-d-20-00449
https://doi.org/10.1108/JHR-04-2020-0091
https://doi.org/10.1108/JHR-04-2020-0091
https://doi.org/10.1186/1471-2458-14-418
https://doi.org/10.1186/1471-2458-14-418
https://doi.org/10.1016/j.ijtb.2020.12.002
https://doi.org/10.4103/jfmpc.jfmpc_1028_19
https://doi.org/10.4103/jfmpc.jfmpc_1028_19
https://www.time-address-devastating-impact-tb-indias-women
https://www.time-address-devastating-impact-tb-indias-women
https://www.tbonline.info/posts/2017/9/28/gender-disparity-tb-healthcare-india/
https://www.tbonline.info/posts/2017/9/28/gender-disparity-tb-healthcare-india/
https://www.tbonline.info/posts/2017/9/28/gender-disparity-tb-healthcare-india/
https://doi.org/10.1080/17441690903334240
https://doi.org/10.1080/17441690903334240
https://doi.org/10.3390/tropicalmed6010008
https://doi.org/10.3390/tropicalmed6010008
https://doi.org/10.1371/journal.pone.0046502
https://doi.org/10.1371/journal.pone.0046502
https://doi.org/10.4093/dmj.2013.37.4.291
https://doi.org/10.4093/dmj.2013.37.4.291
https://doi.org/10.4103/lungindia.lungindia_111_19
https://doi.org/10.4103/lungindia.lungindia_111_19
https://doi.org/10.1017/S0021932020000516
https://doi.org/10.1017/S0021932020000516
https://www.bbc.com/news/world-asia-india-39363425
https://www.bbc.com/news/world-asia-india-39363425
https://doi.org/10.5588/pha.13.0024
https://doi.org/10.1155/2016/5981574
https://doi.org/10.1016/j.epidem.2019.100381

	Tuberculosis and Diabetes in India: Stakeholder Perspectives on Health System Challenges and Opportunities for Integrated Care
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	1 Introduction
	1.1 Box: What we know already on the topic

	2 Methodology
	2.1 Study Design
	2.2 Data Analysis

	3 Results
	3.1 Perception of the TBDM Comorbidity as a Public Health Problem
	3.2 Public Sector Ownership and Decentralized Care
	3.3 Private Sector Participation
	3.4 TBDM Case Detection
	3.5 TBDM Medical Management
	3.6 Human Resource Needs
	3.7 Training Needs

	4 Discussion
	5 Conclusions
	References




