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Introduction

Tuberculosis (TB) kills more than 3,500

people each day worldwide, leading to

approximately 1.4 million deaths every

year [1]. One-third of the world’s popu-

lation is currently infected with the

causative agent of TB, and 8.8 million

new cases of active TB are estimated to

occur around the world each year [1]. TB

is fueled by several social and economic

factors, such as poverty or malnutrition

[2], as well as other infectious diseases,

such as HIV. People living with HIV/

AIDS are 21–34 times more likely to

develop active TB [1], and this harmful

synergy has led public health systems to

attempt to tackle the two diseases concur-

rently.

In recent years, strong evidence has

been gathered to confirm a link between

TB and yet another disease: diabetes

mellitus. That link had been suspected

for centuries [3]. Many studies now show

that diabetes may be associated with an

increased risk of developing active TB [4–

6], and that TB patients who also have

diabetes may have higher rates of treat-

ment failure and death [7,8]. These

findings have led some to wonder if the

diagnosis and treatment of diabetes in TB

patients may improve TB outcomes. More

research into this question is clearly

needed [9,10]. However, if further studies

show that treating diabetes can improve

TB outcomes, then should existing TB

funding and treatment mechanisms in

place in the developing world be expanded

to include diabetes care? How could the

existing funding and control efforts aimed

at a mostly curable infectious disease be

adapted to manage a chronic, non-com-

municable condition?

TB and Diabetes

Several recent publications have de-

scribed the association between diabetes

and TB, specifically the increased preva-

lence of active TB among patients with

diabetes and the poorer treatment out-

comes in these patients when compared to

those without diabetes [11,12]. For exam-

ple, one recent systematic review of 13

studies reported that diabetic patients had

about a 3-fold increased risk of developing

TB when compared to those without

diabetes [5].

Others have reported the poorer treat-

ment outcomes in patients with diabetes

and TB, including a higher risk of death

among these patients. One prospective

study examined sputum cultures at the

completion of 6 months of TB treatment,

finding positive cultures in 22.2% of

patients with diabetes and 6.9% of those

without diabetes [8]. Another systematic

review of treatment outcomes described a

relative risk of death of 1.89 among TB

patients with diabetes when compared to

non-diabetic patients [12]. After control-

ling for potential confounders, the pooled

risk of death among TB patients with

diabetes was nearly five times greater than

those without diabetes [12].

The link between these two diseases

may become even more meaningful in

coming years, as the prevalence of obesity

and diabetes are expected to rise dramat-

ically in the resource-poor areas where TB

thrives [13]. In sub-Saharan Africa, for

example, the number of patients with

diabetes is projected to increase by 161%

between 2000 and 2030 [14].

Some groups have suggested that the

burden of diabetes in these countries may

hinder progress towards attaining the

United Nations’ (UN) Millennium Devel-

opment Goal (MDG) and specific targets

related to TB control [4,15]. One study

showed that in a southern Mexican

population the impact of diabetes on the

incidence of TB was greater than that of

HIV [16]. This close relationship between

TB and diabetes raises the question of

whether diabetes treatment and TB care

should become more integrated, similar to

recent efforts to link the management of

TB and HIV. For example, the Stop TB

Partnership’s Global Plan to Stop TB has

called for greater collaboration between

TB and HIV programs at multiple levels,

and has estimated that US$2.8 billion

would be required to fund TB-HIV co-

infection programs between 2011 and

2015 [17].

In 2011, the World Health Organiza-

tion (WHO) and The International Union

Against Tuberculosis and Lung Disease

released a report acknowledging the asso-

ciation between TB and diabetes and

similarly calling for increased collabora-

tion between TB and diabetes control

efforts [9]. In addition to providing

provisional suggestions for implementing

these changes, this report highlights the

lack of evidence to guide such work and

advocates for more research into the

The Policy Forum allows health policy makers
around the world to discuss challenges and
opportunities for improving health care in their
societies.

Citation: Sullivan T, Ben Amor Y (2012) The Co-Management of Tuberculosis and Diabetes: Challenges and
Opportunities in the Developing World. PLoS Med 9(7): e1001269. doi:10.1371/journal.pmed.1001269

Published July 24, 2012

Copyright: � 2012 Sullivan, Ben Amor. This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Funding: No specific funding was received for writing this article.

Competing Interests: The authors have declared that no competing interests exist.

Abbreviations: DOTS, Directly Observed Therapy – Short Course; NCD, non-communicable disease; TB,
tuberculosis; WHO, World Health Organization

* E-mail: yba2101@columbia.edu

Provenance: Not commissioned; externally peer reviewed.

PLoS Medicine | www.plosmedicine.org 1 July 2012 | Volume 9 | Issue 7 | e1001269



efficacy and cost-effectiveness of any

collaborative efforts.

Although numerous etiological risk fac-

tors affect TB incidence and treatment

outcomes, some, such as poverty, malnu-

trition, or indoor air pollution, would be

exceedingly difficult for existing health

systems or TB control programs to address

for logistical reasons. Diabetes and HIV

are similar in that treating these illnesses

presents an opportunity for feasible col-

laboration with current TB control efforts,

if sufficient funding can be found.

Funding Challenges

A major impediment to expanding

diabetes care in the developing world is

the high cost. One study in Tanzania

showed that the monthly cost of insulin

treatment represents 25% of the minimum

wage [18], while another showed that the

yearly cost of diabetes treatment with

insulin amounted to 75% of the per capita

income in Mozambique and 61% in Mali

[19]. In addition to the expenses linked to

insulin and oral hypoglycemic medica-

tions, the direct costs of diabetes care

include outpatient visits, inpatient admis-

sions, and the management of the micro-

and macrovascular complications of this

disease. While these direct costs vary

according to country, they were estimated

at US$138 per patient per year in

Tanzania [20], and US$149 per patient

per year in India [21], demonstrating a

stark contrast with the mean health

expenditures per person with diabetes in

2010, estimated at US$112 in sub-Saharan

Africa (US$30 in Tanzania) and US$53 in

South East Asia (US$55 in India) [22].

Access to diabetes services also varies

greatly among developing countries,

where limited health care systems are

often designed to address acute, not

chronic, illnesses [23–25]. Although the

UN and other international organizations

are demonstrating increasing interest in

addressing non-communicable diseases

(NCDs) such as diabetes, clearly more

funding will be needed [26].

One option might be for the organiza-

tions that fund global TB control efforts to

expand their missions to include diabetes

care. These organizations already have a

robust fundraising and operational infra-

structure in place that could help to

rapidly expand diabetes treatment in

developing countries.

To calculate the amount of funding that

these organizations would need to allocate

to treat diabetes in TB patients in

developing countries, we used the estimat-

ed direct costs of diabetes treatment in

Tanzania and India and figures from a

study assessing the yield of finding addi-

tional diabetes cases through systematic

screening of patients with active TB [27].

We estimated the cost of treating all

additional diabetes cases detected in TB

patients for 6 months, which is the

duration of Directly Observed Therapy –

Short Course (DOTS). This cost was

calculated based on the estimated TB

incidence (Table 1) and the number of

actual TB cases detected (Table 2) in the

two WHO-defined regions with the high-

est burden of TB, South East Asia and

Africa.

Using the estimated TB incidence

(Table 1), the additional funding required

for diabetes care ranged from US$3

million to US$55 million per year in

Africa and from US$5 million to US$92

million per year in South East Asia. Based

on actual numbers of TB cases detected

(Table 2), we have estimated the addition-

al funding for diabetes care to be US$2–33

million per year in Africa and US$3–56

million per year in South East Asia. The

range in funding directly reflects the range

in additional yield of diabetes cases, which

was shown to vary from 1.9% to 35%

[27].

As a point of comparison, the WHO

reported the funding from domestic and

donor sources for the 97 countries with

92% of the world’s TB cases to amount to

US$4.4 billion in 2012 (the funding gap

reported by countries amounted to close to

US$1 billion in 2012) [1], of which the

contribution of the Global Fund to Fight

AIDS, TB and Malaria accounts for 12%

(or 82% of all international funding). The

Global Fund has already provided US$3.2

billion in 112 countries to help fight TB.

New grants allocated by the Global Fund

might temporarily be in jeopardy due to its

current financial situation [28]. If that

predicament is solved, future TB-specific

grants could include a diabetes co-man-

agement component to increase the score

of TB proposals received. Similarly, the

Global Plan to Stop TB has called for

US$67 billion over 10 years to reduce the

global burden of the disease, part of which

could be specifically allocated to the co-

management of the two diseases [17].

Whether these organizations will eventu-

ally help finance diabetes care in the future

will ultimately be determined not only by

the missions of these funds and their

financial state, but also the expected

benefit and cost-effectiveness of any new

intervention. More research is surely

needed to help inform these decisions.

Expanding TB treatment to include

diabetes care would also create some

foreseeable questions and challenges. Im-

portantly, should the TB community

pursue diabetes primary prevention in

patients without active TB, since diabetes

is clearly a risk factor for active TB, or

should the focus be on treating diabetes in

those who develop TB? And, if diabetes

treatment is incorporated with TB care,

who would fund the long-term manage-

ment of diabetes in these patients after the

TB is treated? Considering the current

funding challenges, the co-management of

the two diseases could initially be limited

to patients with active TB while they are

being treated for their TB, which served as

reference for our funding estimates.

Opportunity for Collaboration

Although expanding TB treatment to

include diabetes care would be expensive,

perhaps existing health systems used for TB

could be adapted to diabetes management,

which may help control costs. For example,

some have argued that DOTS, the frame-

work already in place for TB control in

many developing countries, could be mod-

ified to help with the management of NCDs

Summary Points

N The evidence for a link between tuberculosis (TB) and diabetes is strong.
Patients with diabetes are at increased risk of developing active TB, and have
higher rates of treatment failure and death, even when placed on appropriate
TB treatment.

N This link may become even more meaningful in coming years, as the prevalence
of diabetes is expected to rise dramatically in the resource-poor areas where TB
thrives.

N We discuss some of the financial challenges inherent in treating diabetes in
patients with TB, as well as some opportunities for cost-saving and
collaboration in the co-management of these two diseases.

N We also propose strategies for funding and implementing efforts to control TB
and diabetes concurrently in the developing world, and highlight areas of
much-needed research in this field.
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like diabetes [29]. Although DOTS was

originally designed to deliver a short course

of TB treatment, a recent review has

assessed that directly observed therapy

can also be effective in the chronic

management of HIV, particularly when

targeting non-adherent patients [30]. Giv-

en that diabetes was shown to be effectively

managed by non-physician clinicians in

developing countries [31,32], community

health workers already in place to deliver

TB care could be further trained to help

manage diabetes as well.

In light of recent calls for increasing the

presence of community health workers

throughout the developing world [33], the

training and implementation of this work-

force could be another opportunity for

those engaged in TB, HIV, and NCD

efforts to work together. Future genera-

tions of community health workers could

therefore be trained to manage both acute

and chronic illnesses concurrently.

Another pillar of the DOTS framework

is the creation of systems to insure a steady

supply of TB medications. Diabetes pa-

tients would certainly benefit from the

same logistics and commitment, as the

supply of insulin has been shown to be

unreliable in poor countries [34].

Yet another avenue for potential col-

laboration between TB and diabetes

efforts is in the promotion of effective

and affordable diagnostic testing. The

DOTS framework includes a commitment

to improving laboratory support, and the

strengthening of laboratory systems has

been identified as a major priority within

the Global Plan to Stop TB [17]. Similar-

ly, diagnostic testing for diabetes, includ-

ing simple point-of-care blood glucose

testing, is still lacking in many developing

nations. A 2005 study reported that only

6% of health centers surveyed in Mozam-

bique and 25% in Zambia were capable of

testing blood glucose levels [35]. Although

TB and diabetes diagnostics rely on very

different technology, improving basic lab

services in developing countries would

undoubtedly benefit the diagnosis and

management of both illnesses.

Our Proposed Strategy for Co-
Management of TB and Diabetes

If the link between effective control of

diabetes at the onset of TB treatment and

improved outcomes among TB patients is

clearly demonstrated by further studies,

we propose that all confirmed TB patients

be systematically screened for diabetes,

and that all diabetic patients be screened

for TB when symptomatic.

Co-afflicted patients without existing

diabetes care should subsequently be

managed by the relevant local or national

TB program under DOTS for at least the

duration of TB treatment to ensure proper

and continuous management of both

diseases. Although it would also be feasible

to refer these patients to existing diabetes

programs, these programs lack sufficient

funding and infrastructure in many devel-

oping countries [25].

Expanding local TB programs to in-

clude diabetes care would necessitate the

training of community health workers in

basic diabetes care, such as blood glucose

testing and medication management, as

well as the consultation of nurses and

physicians trained in diabetes manage-

ment.

Following confirmed cure or completion

of TB treatment, two options for ongoing

diabetes care would be offered depending

on the level of funding available to the TB

control program:

– Diabetic patients could be transferred

to the diabetes control program, in

countries where such programs exist,

for continued management of their

condition. As former TB patients, with

a higher risk of relapse compared to

non-diabetic patients, they would be

required to return for regular TB

screenings;

Table 1. Additional funding required for diabetes care in TB patients using estimated TB incidence in Africa and South East Asia.

WHO Region
Estimated TB Incidence (2010)
in Millionsa

Additional Diabetes Cases Diagnosed
through Screeningb

Cost of Treating Diabetes for the

Duration of DOTS in $US Millionc

AFRd 2,3 [43,700–805,000] [3–55.5]

SEAe 3,5 [66,500–1,225,000] [5–91.9]

aAs reported in the 2011 WHO Global Tuberculosis Control report [1].
bUsing a yield of additional cases of diabetes per active TB case screened ranging from 1.9% to 35% [27].
cUsing as an approximation of direct cost of diabetes care per patient per year a figure of $138 for sub-Saharan Africa (based on estimates from Tanzania [20]) and of
US$149 for South East Asia (based on estimates from India [21]), for a duration of 6 months.
dSub-Saharan African region.
eSouth East Asian region.
doi:10.1371/journal.pmed.1001269.t001

Table 2. Additional funding required for diabetes care in TB patients using actual number of TB cases diagnosed in Africa and
South East Asia.

WHO Region
Actual Cases Diagnosed (2010)
in Millionsa

Additional Diabetes Cases Diagnosed
through Screeningb

Cost of Treating Diabetes for the
Duration of DOTS in $US Millionc

AFRd 1,38 [26,220–483,000] [1.8–33.3]

SEAe 2,14 [40,565–747,250] [3–56]

aAs reported in the 2011 WHO Global Tuberculosis Control report [1].
bUsing a yield of additional cases of diabetes per active TB case screened ranging from 1.9% to 35% [27].
cUsing as an approximation of direct cost of diabetes care per patient per year a figure of $138 for sub-Saharan Africa (based on estimates from Tanzania [20]) and of
US$149 for South East Asia (based on estimates from India [21]), for a duration of 6 months.
dSub-Saharan African Region.
eSouth East Asian Region.
doi:10.1371/journal.pmed.1001269.t002
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– Diabetic patients would remain part of

the DOTS structure after completion

of TB treatment to ensure optimal

follow-up and rapid detection of possi-

ble relapses.

The TB control programs should also

develop educational materials to be dis-

tributed at diabetes treatment centers, to

inform diabetic patients of their risk of

developing active TB. More specifically,

symptoms of TB (cough, fever, night

sweats, weight loss, and chest pain) should

be clearly highlighted to advise diabetic

patients when to seek TB screening.

Looking Forward

Before TB funding or treatment re-

sources are allocated for diabetes care,

more research is needed to demonstrate

unequivocally that controlling diabetes

can reliably improve TB outcomes. Stud-

ies examining the effect of diabetes

primary prevention and treatment on TB

incidence and outcomes would be partic-

ularly helpful in informing how diabetes

care could best be coordinated with

existing TB programs, and in deciding if

TB funding should be used for this

purpose. In addition, cost-effectiveness

studies will be necessary to determine if

the scarce funding available for global TB

efforts should be used for costly diabetes

care. Perhaps further highlighting the link

between these two diseases will help boost

international fundraising efforts for both.

Diabetes and TB represent a critical

intersection between communicable and

non-communicable diseases in some of the

world’s poorest countries. As the preva-

lence of NCDs continues to rise, the effects

of NCDs on the prevention and treatment

of infectious diseases will likely become

more evident. The proven detrimental

effect of diabetes on TB incidence and

outcomes raises some important questions

about whether TB funding and infrastruc-

ture should be used for diabetes treatment

in developing countries, while also reveal-

ing numerous opportunities for collabora-

tion and progress in both patient care and

research. The recent report on diabetes

and TB from the WHO and The

International Union Against Tuberculosis

and Lung Disease indicates that interna-

tional interest in this topic is rising. Even if

the management of these complex illnesses

cannot be readily integrated, it is clear that

the growing burden of diabetes and its

effect on TB in developing countries

should not be ignored.

Acknowledgments

The authors would like to thank Karen Schmidt

for critical reading of the manuscript.

Author Contributions

Wrote the first draft of the manuscript: TS.

Contributed to the writing of the manuscript:

TS YBA. ICMJE criteria for authorship read

and met: TS YBA. Agree with manuscript

results and conclusions: TS YBA.

References

1. World Health Organization (2011) Global tuber-

culosis control 2011. Geneva: WHO.

2. Lonnroth K, Jaramillo E, Williams BG, Dye C,

Raviglione M (2009) Drivers of tuberculosis

epidemics: the role of risk factors and social

determinants. Soc Sci Med 68: 2240–2246.

3. Root HF (1934) The association of diabetes and

tuberculosis. N Eng J Med 210: 1–13.

4. Stevenson CR, Forouhi NG, Roglic G, Williams

BG, Lauer JA, et al. (2007) Diabetes and

tuberculosis: the impact of the diabetes epidemic

on tuberculosis incidence. BMC Public Health 7:

234.

5. Jeon CY, Murray MB (2008) Diabetes mellitus

increases the risk of active tuberculosis: a system-

atic review of 13 observational studies. PLoS Med

5: e152. doi:10.1371/journal.pmed.0050152

6. Restrepo BI, Camerlin AJ, Rahbar MH, Wang

W, Restrepo MA, et al. (2011) Cross-sectional

assessment reveals high diabetes prevalence

among newly-diagnosed tuberculosis cases. Bull

World Health Organ 89: 352–359.

7. Dooley KE, Tang T, Golub JE, Dorman SE,

Cronin W (2009) Impact of diabetes mellitus on

treatment outcomes of patients with active

tuberculosis. Am J Trop Med Hyg 80: 634–639.

8. Alisjahbana B, Sahiratmadja E, Nelwan EJ,

Purwa AM, Ahmad Y, et al. (2007) The effect

of type 2 diabetes mellitus on the presentation

and treatment response of pulmonary tuberculo-

sis. Clin Infect Dis 45: 428–435.

9. World Health Organization and The Interna-

tional Union Against Tuberculosis and Lung

Disease (2011) Collaborative framework for care

and control of tuberculosis and diabetes. Geneva:

WHO.

10. Harries AD, Murray MB, Jeon CY, Ottmani SE,

Lonnroth K, et al. (2010) Defining the research

agenda to reduce the joint burden of disease from

diabetes mellitus and tuberculosis. Trop Med Int

Health 15: 659–663.

11. Dooley KE, Chaisson RE (2009) Tuberculosis

and diabetes mellitus: convergence of two epi-

demics. Lancet Infect Dis 9: 737–746.

12. Baker MA, Harries AD, Jeon CY, Hart JE,

Kapur A, et al. (2011) The impact of diabetes on

tuberculosis treatment outcomes: a systematic

review. BMC Med 9: 81.

13. Hossain P, Kawar B, El Nahas M (2007) Obesity

and diabetes in the developing world–a growing

challenge. N Engl J Med 356: 213–215.

14. Wild S, Roglic G, Green A, Sicree R, King H

(2004) Global prevalence of diabetes: estimates for

the year 2000 and projections for 2030. Diabetes

Care 27: 1047–1053.

15. Stuckler D, Basu S, McKee M (2010) Drivers of

inequality in Millennium Development Goal

progress: a statistical analysis. PLoS Med 7:

e1000241. doi:10.1371/journal.pmed.1000241

16. Ponce-De-Leon A, Garcia-Garcia Md Mde L,

Garcia-Sancho MC, Gomez-Perez FJ, Valde-

spino-Gomez JL, et al. (2004) Tuberculosis and

diabetes in southern Mexico. Diabetes Care 27:

1584–1590.

17. World Health Organization. The global plan to

stop TB 2011–2015: transforming the fight

towards elimination of tuberculosis. Geneva:

WHO Press.

18. Neuhann HF, Warter-Neuhann C, Lyaruu I,

Msuya L (2002) Diabetes care in Kilimanjaro

region: clinical presentation and problems of

patients of the diabetes clinic at the regional

referral hospital-an inventory before structured

intervention. Diabet Med 19: 509–513.

19. Beran D, Yudkin JS (2010) Looking beyond the

issue of access to insulin: what is needed for

proper diabetes care in resource poor settings.

Diabetes Res Clin Pract 88: 217–221.

20. Chale SS, Swai AB, Mujinja PG, McLarty DG

(1992) Must diabetes be a fatal disease in Africa?

Study of costs of treatment. BMJ 304: 1215–1218.

21. Kapur A (2007) Economic analysis of diabetes

care. Indian J Med Res 125: 473–482.

22. Zhang P, Zhang X, Brown J, Vistisen D, Sicree

R, et al. (2010) Global healthcare expenditure on

diabetes for 2010 and 2030. Diabetes Res Clin

Pract 87: 293–301.

23. Beran D, Yudkin JS (2006) Diabetes care in sub-

Saharan Africa. Lancet 368: 1689–1695.

24. Levitt NS (2008) Diabetes in Africa: epidemiolo-

gy, management and healthcare challenges.

Heart 94: 1376–1382.

25. Whiting DR, Hayes L, Unwin NC (2003)

Diabetes in Africa. Challenges to health care for
diabetes in Africa. J Cardiovasc Risk 10: 103–

110.

26. Sachs J (2010) The MDG decade: looking back
and conditional optimism for 2015. Lancet 376:

950–951.
27. Jeon CY, Harries AD, Baker MA, Hart JE,

Kapur A, et al. (2010) Bi-directional screening for
tuberculosis and diabetes: a systematic review.

Trop Med Int Health 15: 1300–1314.

28. [No authors listed] (2011) The Global Fund and a
new modus operandi. Lancet 378: 1896.

29. Harries AD, Jahn A, Zachariah R, Enarson D
(2008) Adapting the DOTS framework for

tuberculosis control to the management of non-

communicable diseases in sub-Saharan Africa.
PLoS Med 5: e124. doi:10.1371/journal.pmed.

0050124
30. Hart JE, Jeon CY, Ivers LC, Behforouz HL,

Caldas A, et al. (2010) Effect of directly observed
therapy for highly active antiretroviral therapy on

virologic, immunologic, and adherence outcomes:

a meta-analysis and systematic review. J Acquir
Immune Defic Syndr 54: 167–179

31. Coleman R, Gill G, Wilkinson D (1998) Non-
communicable disease management in resource-

poor settings: a primary care model from rural

South Africa. Bull World Health Organ 76: 633–
640.

32. Labhardt ND, Balo JR, Ndam M, Grimm JJ,
Manga E (2010) Task shifting to non-physician

clinicians for integrated management of hyper-
tension and diabetes in rural Cameroon: a

programme assessment at two years. BMC Health

Serv Res 10: 339.
33. The Earth Institute (2011) One million commu-

nity health workers: technical task force report.
New York: The Earth Institute, Columbia

University.

34. Yudkin JS (2000) Insulin for the world’s poorest
countries. Lancet 355: 919–921.

35. Beran D, Yudkin JS, de Courten M (2005) Access
to care for patients with insulin-requiring diabetes

in developing countries: case studies of Mozam-
bique and Zambia. Diabetes Care 28: 2136–

2140.

PLoS Medicine | www.plosmedicine.org 4 July 2012 | Volume 9 | Issue 7 | e1001269


