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Background. Multidrug-resistant (MDR) tuberculosis (TB) has emerged as a global epidemic, with ∼425,000
new cases estimated to occur annually. The global human immunodeficiency virus (HIV) infection epidemic has
caused explosive increases in TB incidence and may be contributing to increases in MDR-TB prevalence.

Methods. We reviewed published studies and available surveillance data evaluating links between HIV infection
and MDR-TB to quantify convergence of these 2 epidemics, evaluate the consequences, and determine essential
steps to address these epidemics.

Results. Institutional outbreaks of MDR-TB have primarily affected HIV-infected persons. Delayed diagnosis,
inadequate initial treatment, and prolonged infectiousness led to extraordinary attack rates and case-fatality rates
among HIV-infected persons. Whether this sequence occurs in communities is less clear. MDR-TB appears not
to cause infection or disease more readily than drug-susceptible TB in HIV-infected persons. HIV infection may
lead to malabsorption of anti-TB drugs and acquired rifamycin resistance. HIV-infected patients with MDR-TB
have unacceptably high mortality; both antiretroviral and antimycobacterial treatment are necessary. Simultaneous
treatment requires 6–10 different drugs. In HIV-prevalent countries, TB programs struggle with increased caseloads,
which increase the risk of acquired MDR-TB. Surveillance data suggest that HIV infection and MDR-TB may
converge in several countries.

Conclusions. Institutional outbreaks, overwhelmed public health programs, and complex clinical management
issues may contribute to the convergence of the MDR-TB and HIV infection epidemics. To forestall disastrous
consequences, infection control, rapid case detection, effective treatment, and expanded program capacity are
needed urgently.

BACKGROUND

Multidrug-resistant (MDR) tuberculosis (TB)—TB
caused by Mycobacterium tuberculosis strains resistant
to at least isoniazid and rifampin—has emerged as a
global epidemic resulting largely from deficiencies in
TB case management and program management [1–3].
Approximately 425,000 MDR-TB cases occur annually
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worldwide, representing nearly 5% of the world’s an-
nual TB burden [1]. The diagnosis of MDR-TB requires
sophisticated laboratories with highly skilled microbi-
ologists. Patients with MDR-TB require a much longer
treatment period, usually 24 months, compared with
the 6–8 months required for drug-susceptible TB [4].
Additionally, treatment requires the use of “second-
line” drugs, which are more toxic and prohibitively
more expensive, with MDR-TB drug costs alone that
are, on average, 100- to 300-fold higher than those
associated with drug-susceptible TB [5, 6]. Further-
more, patients with MDR-TB have lower cure rates and
higher mortality than do patients with drug-susceptible
TB [7–10]. In well-performing MDR-TB programs in
settings with a low HIV infection prevalence, treatment
success is generally 70%–80%; by comparison, treat-
ment success for drug-susceptible TB in well-perform-
ing TB programs can exceed 90% [11].

Many countries have limited capacity to appropri-
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EDITORIAL
MDR-TB AND HIV: THE PERFECT STORM?

JOSHUA FIERER*
University of California, San Diego, California

Tuberculosis has afflicted humans as far back as we have
records, predating written history. Mycobacterium tuberculo-
sis is exclusively a human pathogen, so it has had to adapt to
its only host, and we in turn have adapted to it. It is estimated
that one third of the world’s population is currently infected,
but only ∼5% of infected people will develop active tubercu-
losis, a tribute to the effectiveness of our innate and acquired
immune responses to this potentially deadly pathogen. Nev-
ertheless, many asymptomatically infected people harbor vi-
able tubercle bacilli, possibly for a lifetime, and those are the
ones who can re-activate their infections later in life. Only
those with active pulmonary tuberculosis can transmit the
infection, so it is part of the organism’s strategy to remain
viable until immunity begins to wane. HIV has completely
changed that balance; patients who are HIV+ with positive
tuberculin skin tests have a 30% risk of developing active
tuberculosis.1 There are clearly genetic polymorphisms
that make some individuals more susceptible to tuberculosis,2

but the effects of genetic polymorphisms do not approach
the profound effect that loss of CD4 T cells has on the risk
of developing active tuberculosis. The good news is that
isoniazid (INH) for 6 months will reduce the risk of devel-
oping active tuberculosis by ∼70%, even in patients who are
HIV+.3 In addition, conventional four-drug therapy cures
tuberculosis in patients who are HIV+ who adhere to therapy
for 6–9 months, even those with low numbers of CD4 T
cells or extra-pulmonary tuberculosis.4 This is in sharp
contrast to M. arium complex infections, which are never
cured in patients with AIDS unless T cells are restored, be-
cause we do not have effective bactericidal antibiotics for that
organism.5

The paper from Kawai and others in this issue, reminds us
of how important effective anti-tuberculous therapy is when
patients lack immune defenses against M. tuberculosis. The
authors prospectively followed two cohorts of patients with
newly diagnosed tuberculosis in Lima, Peru.6 One group had
HIV infection and the other did not (some HIV+ cases may
have escaped detection because not everyone was tested, but
that would not change the results of the study). Although
CD4 T cell counts were not available, almost certainly all the
patients who were HIV+ in the study had advanced immuno-
suppression because they were recruited from a unit in a hos-
pital that specializes in treating AIDS. The authors tested all
isolates for rifampin and INH susceptibility and sub-divided
the patients into those with resistant bacteria (MDR-TB) and
those with susceptible isolates. Although the number of pa-
tients in the different cohorts was relatively small, the differ-
ences in outcome were so dramatic that they are worthy of
attention. The shocking observation was that 50% of patients
who were HIV+ infected with MDR-TB died within 2 months

of diagnosis, despite receiving directly observed therapy
(DOT) with INH, rifampin, pyrazinamide, and ethambutol.
Thus, in the absence of effective antibiotics and an effective
immune system, bacterial growth was unchecked and quickly
led to death. The mortality of this group of patients was much
higher than a cohort from the same hospital that did not have
tuberculosis, implying that most of these patients died of tu-
berculosis rather than other complications of AIDS, although
they do not have direct evidence for that.

Given the rapid progression of the tuberculosis infection,
the current practice of initiating tuberculosis therapy using a
standard four-drug regimen is clearly inadequate treatment of
nearly one half of the patients who were HIV+ with tubercu-
losis in Lima. Because so many patients with AIDS with
MDR-TB died in less time than it usually takes to complete
susceptibility studies, the authorities will have to invest in new
rapid methods for doing drug susceptibility testing, such as
the one used by the authors of this paper.7 The government
will also have to be ready to provide second-line drugs for the
treatment of these patients. Although second-line treatment
of tuberculosis is expensive and more toxic than treatment
with first-line drugs, the alternative is to allow patients with
smear positive pulmonary MDR-TB to essentially go un-
treated. That increases the risk of the spread of MDR-TB to
others with AIDS, health care workers, and family members.
Even the use of second-line drugs is no guarantee of success
in this battle against tuberculosis, because resistance to sec-
ond-line drugs is becoming a problem in countries that use
them extensively. New, cheaper, more effective drugs are des-
perately needed to treat tuberculosis.8

Prevention is at least as important as treatment, so it is
important to understand the epidemiology of MDR-TB in
Peru to try to limit its spread. Tuberculosis is endemic in Peru,
and 50% of Peruvians with AIDS will develop tuberculosis at
some point in their illness.9 One striking feature of tubercu-
losis in Lima is that nearly 50% of tuberculosis in patients
with AIDS in Lima are infected with MDR strains as docu-
mented in this and another recent study.9 In both studies, the
patients with AIDS with tuberculosis were recruited from the
same public hospital in Lima that treats the largest number of
HIV-infected patients. In both studies, the authors found an
association between receiving care at this hospital and having
MDR-TB, suggesting nosocomial transmission of the resis-
tant bacteria. The use of molecular typing could easily con-
firm this hypothesis. Because nosocomial acquisition of
MDR-TB has been previously documented and confirmed by
restriction fragment length polymorphism (RFLP) analysis in
at least one South American country, this would have major
implications for the practice of cohorting patients with AIDS
in specialized treatment facilities that lack negative pressure
rooms, especially if they also care for patients with tubercu-
losis.10 Even in the United States, which has hospital facilities
for negative pressure isolation, this led to disastrous out-
breaks of MDR-TB.11
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Diabetes and tuberculosis:
a gathering storm?
John Moore-Gillon
The number of cases of active tubercu-
losis (TB) continues to rise in the UK and
in many other parts of the world.1 2 In
analysing the reasons behind this rise, it
needs to be kept in mind that only
a small proportion of those who become
infected with TB will progress to become
ill with active TB disease in the weeks
and months after infection. They do,
however, remain at risk of reactivation of
their latent TB infection in the years (and
indeed decades) to come. Clearly, a co-
existing medical condition which impairs
the immune response to the TB bacte-
rium might increase the likelihood of
direct progression to active disease
shortly after infection, or increase the
likelihood of latent TB infection in later
life. Co-infection with HIV is a striking
example; the relative risk of developing
TB in HIV-positive individuals compared
with HIV-negative individuals (the inci-
dence rate ratio) is between about 20
and 35.2

In this issue of Thorax, Walker and
Unwin (see page 578) consider the
impact on numbers of TB cases in
England of another increasingly common
conditiondnamely, diabetes mellitus.3 A
link has long been suggested, the authors
pointing out that combined clinics for
those with diabetes and TB were being
held more than half a century ago,4 and
recent analyses suggest that the associa-
tion is indeed genuine.5 Walker and
Unwin focus their attention on pulmo-
nary TB, choosing this because they
consider the evidence for an association
to be strongest for this type of TB. They
constructed an epidemiological model
using data on the incidence of TB, the
prevalence of diabetes, the population
structure and data on the age-specific
relative risk of TB associated with dia-
betes from a cohort study. They
acknowledge that there are limitations to
their approach: the estimate of the total
prevalence of diabetes in England is based
on old and relatively small population-
based studies and the age-specific relative

risks for TB in those with diabetes are
derived from a Korean study. The authors
point out, however, that these appear to
be the best tools available for the job they
wished to do, and it is indeed arguable
that a line of scientific enquiry should not
be ignored simply because the available
techniques for its investigation are as yet
imperfect.
With the frank admission that ‘given

the nature of the data available, consider-
able uncertainty surrounds these esti-
mates’, the authors go on to suggest that
the population attributable fraction (PAF)
of diabetes for pulmonary TB in England
is 19.6% for Asian men (95% CI 10.9% to
33.1%) and 14.2% for Asian women (95%
CI 7.1% to 26.5%). The figures for white
and black men are similar to each other at
around 7%, and about 8.5% for white and
black women. Expressed differently, the
authors estimate that about 11% of the
new cases of pulmonary TB which
occurred in England in 2005 may be
attributed to diabetes.
These figures aredor should bedof

even greater concern than they may
appear. It is pulmonary TB which is
potentially infectious to others, and public
health efforts to control TB have focused
on the early identification and treatment
of infectious pulmonary cases. Perhaps
more importantly, we are confronted with
an explosive and apparently inexorable
rise in the prevalence of diabetes.6 7 This
rise in diabetes is, moreover, particularly
marked in ethnic minority popula-
tions8dthat is, those who are in any case
most at risk of having pre-existing latent
TB infection and of fresh exposure to
other infectious cases. It is also associated
with a sharp rise in the numbers of indi-
viduals with chronic renal failure, an
independent risk factor for TB.9 Even if
the figures from Walker and Unwin are an
overestimate, it seems likely that they
soon won’t be. If they are already an
underestimate, then the interaction
between diabetes and TB is rapidly
becoming a major issue for TB control and
one which, as the authors point out,
appears to be receiving little attention.
Diabetes does not achieve a mention in
the ‘TB Action Plan’10 nor, indeed, in the
2009 Annual Report.1

What can be done? TB services in most
countriesdeven wealthy onesdare hard
pressed, and tackling the rising tide of
obesity (the principal cause of the rise in
diabetes) may be a task too far. This
means dealing with the consequences
while others struggle, probably unsuc-
cessfully, with the underlying cause.
Walker and Unwin suggest that, based on
their figures, around one-third of Asians
with newly diagnosed TB in England will
have diabetes. There seems no reason to
suspect that the figure would be markedly
lower in other parts of the UK nor, prob-
ably, in other socioeconomically similar
countries. In the UK there are probably
around half a million undiagnosed dia-
betics11 and, although their rates of TB
may well be less than among diagnosed
diabetics, we can at least ensure that newly
diagnosed TB patients have a documented
assessment of the presence or absence of
diabetes. Active screening for evidence of
latent TB in diabetics is part of US guide-
lines,12 but not those from the National
Institute for Health and Clinical Excellence
(NICE).13 Indeed, the NICE guidelines
suggest that, although the relative risk of
TB is increased in diabetics, the absolute
risk of TB in diabetics is sufficiently low
that there is no need to educate them about
symptoms suggestive of disease (section
10.2.4 of the NICE guidelines).
Given the calculations set out in Walker

and Unwin’s paper in this issue of Thorax,
these two issuesdspecific screening for
latent TB in diabetics and health educa-
tion regarding TBdare ones which should
be reviewed by NICE or another expert
group. Indeed, an expectation that those
healthcare professionals who deal with
diabetic patients should educate them
about the symptoms suggestive of TB
would mean that the professionals them-
selves would have to have the possibility
of TB in mind, and this secondary effect
may actually turn out to be of more
importance than the apparent primary
aim of such education. Whatever steps are
taken, it seems highly likely that, at least
for the foreseeable future, TB services will
be managing increasing numbers of dia-
betics with tuberculosis.
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Baker and colleagues6 noted that diabetes increased the 
risk of death in individuals with active tuberculosis 
(RR 1·89) and the risk of relapse after treatment 

completion (RR 3·89). Finally, diabetes is associated with 
increased risk of all-cause mortality because it aff ects a 
number of other disorders (RR 3·48).22 We did not 

Defi nition Average diabetes 
prevalence in 
2035

Explanation

Large rise (worst case 
scenario) 

Diabetes prevalence in 13 countries 
will reach 20·6% by 2035 

20·6% The upper bound of diabetes prevalence in all scenarios; diabetes prevalence 
is expected to increase worldwide because of ageing, urbanisation, and 
increased prevalence of obesity, physical inactivity, smoking, and unhealthy 
diet;7,15 the diabetes prevalence of 20·6% is based on the fi nding in women in 
the Oceania region7

Continue current trend 
(base case scenario) 

Diabetes prevalence will follow the 
present rising trend, with an upper 
bound of 20·6%

16·0% Without further intervention the age-specifi c prevalence of diabetes will 
continue its present trend in each country

Stop rise Diabetes prevalence will stop rising 
after 2015

9·4% Assume the new global non-communicable disease target for diabetes will 
be reached by 201516

Aggressive 
intervention

The incidence rate of diabetes will be 
reduced by 35% between 2015 and 
2025

7·4% Findings of previous studies showed that diff erent intervention strategies 
can reduce the progression of pre-diabetes to diabetes17,18

To background level 
(best case scenario) 

By 2035, diabetes prevalence will 
gradually decrease to the 1990 
background level

2·2% The lower bound and ideal scenario of diabetes prevalence; the background 
prevalence in 1900 was derived from external prediction with recorded 
diabetes prevalence in 1980–20087

Table 1: Scenarios of diabetes used in the analysis
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Figure 2: Scenarios of diabetes prevalence aggregated for 13 countries with high tuberculosis burden (A) and projected tuberculosis incidence (B), mortality 
(C), and prevalence (D) in these countries under diff erent scenarios of diabetes, 2015–35
The lines in panels B, C, and D represent the means of posterior simulations from the calibrated models. Table 1 shows defi nitions of diabetes scenarios. The appendix 
shows country-specifi c results.
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Baker and colleagues6 noted that diabetes increased the 
risk of death in individuals with active tuberculosis 
(RR 1·89) and the risk of relapse after treatment 

completion (RR 3·89). Finally, diabetes is associated with 
increased risk of all-cause mortality because it aff ects a 
number of other disorders (RR 3·48).22 We did not 

Defi nition Average diabetes 
prevalence in 
2035

Explanation

Large rise (worst case 
scenario) 

Diabetes prevalence in 13 countries 
will reach 20·6% by 2035 

20·6% The upper bound of diabetes prevalence in all scenarios; diabetes prevalence 
is expected to increase worldwide because of ageing, urbanisation, and 
increased prevalence of obesity, physical inactivity, smoking, and unhealthy 
diet;7,15 the diabetes prevalence of 20·6% is based on the fi nding in women in 
the Oceania region7

Continue current trend 
(base case scenario) 

Diabetes prevalence will follow the 
present rising trend, with an upper 
bound of 20·6%

16·0% Without further intervention the age-specifi c prevalence of diabetes will 
continue its present trend in each country

Stop rise Diabetes prevalence will stop rising 
after 2015

9·4% Assume the new global non-communicable disease target for diabetes will 
be reached by 201516

Aggressive 
intervention

The incidence rate of diabetes will be 
reduced by 35% between 2015 and 
2025

7·4% Findings of previous studies showed that diff erent intervention strategies 
can reduce the progression of pre-diabetes to diabetes17,18

To background level 
(best case scenario) 

By 2035, diabetes prevalence will 
gradually decrease to the 1990 
background level

2·2% The lower bound and ideal scenario of diabetes prevalence; the background 
prevalence in 1900 was derived from external prediction with recorded 
diabetes prevalence in 1980–20087

Table 1: Scenarios of diabetes used in the analysis
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The lines in panels B, C, and D represent the means of posterior simulations from the calibrated models. Table 1 shows defi nitions of diabetes scenarios. The appendix 
shows country-specifi c results.

M
or
ta
lid
ad

TB
	(p

er
	1
00
00
0	
)

Pr
ev
al
en

ci
a
TB

		(
pe

r	1
00
00
0)

Pan S-C, et al. Lancet Diabetes Endocrinol. 2015

16



www.thelancet.com/diabetes-endocrinology   Vol 2   September 2014 747

Series

age, patient capabilities and treatment preferences, and 
available resources.75

Frequent monitoring is needed to ensure good 
glycaemic control. Self-measurement of blood glucose is 
not feasible in many settings and for some patients. 
Clinic-based measurement of fasting blood glucose is 
not ideal for ambulatory care in busy clinics in 
tuberculosis-endemic settings, and random blood 
glucose and glycosuria measurements are less accurate 
than fasting blood glucose.76

With respect to the choice of diabetes drugs, possible 
drug–drug interactions should be taken into account, 
especially for rifampicin, the most important 
antituberculosis drug because it helped to shorten 
tuberculosis treatment time from 18 to 6 months. Drug 
resistance to rifampicin is associated with poorer 
treatment outcomes, worse than for any other 
tuberculosis drug. Rifampicin increases the hepatic 
metabolism of all sulphonylurea derivatives, the most 
widely used class of oral diabetes drugs worldwide. This 
eff ect on sulphonylurea derivatives has great inter-
individual variation, which makes dose adjustments 
diffi  cult and increases a patient’s risk of hyperglycaemia 
or hypoglycaemia. Inter-individual variation in the 
induction of the metabolism of diabetes drugs makes 
dose adjustment diffi  cult when rifampicin treatment is 
interrupted or stopped; the same is true for most other 
oral antidiabetes drugs (appendix). Less is known about 
newer antidiabetes drug classes, and no data have been 
published from patients with tuberculosis treated with 
these drugs. Rifampicin probably has no eff ect on the 
exposure of glucagon-like peptide-1 receptor agonists 
and only a slight eff ect on dipeptidyl peptidase-4 
inhibitors;77 however, poor availability and high costs of 
these drugs will restrict their use in tuberculosis-
endemic settings.

Several other factors determine the choice of antidiabetes 
drugs to be used in patients with tuberculosis, such as 
availability, cost, ease of administration, and safety. Safety 
concerns include hypoglycaemia with sulphonylureas and 
insulin, lactic acidosis (especially under hypoxic 
conditions) with beguanides, and gastrointestinal 
complaints wih biguanides, meglitinides, and alpha-
glucosidase inhibitors, and hypersensitivity to 
sulphonylureas (which might overlap with side-eff ects of 
antituberculous drugs). Insulin use at the start of 
tuberculosis treatment has been suggested;74 some 
national treatment guidelines (for instance in Indonesia) 
strongly suggest the use of insulin for diabetes in patients 
with tuberculosis even though no evidence base lends 
support to that approach. Because insulin is not 
metabolised, it has no pharmacokinetic interactions with 
rifampicin or other antituberculous drugs, but insulin has 
several potential drawbacks when used in under-resourced 
settings including cost, availability, storage, and delivery.

Metformin is a fi rst-line drug for type 2 diabetes and 
does not usually lead to hypoglycaemia. Metformin is not 

metabolised by P450 enzymes,78 and thus its con-
centrations should not be decreased by an inductive eff ect 
of rifampicin on these metabolic enzymes. However, 
exposure to metformin could be aff ected because 
metformin is a substrate for human organic cation 
transporters and other transporters.77 Rifampicin 
increases the expression of organic cation transporter 
(OCT1) and hepatic uptake of metformin, leading to an 
enhanced glucose-lowering eff ect in healthy indi viduals.79 
Possible disadvantages of metformin use in patients with 
tuberculosis include the risk of gastrointestinal side-
eff ects and, very rarely, lactic acidosis.80,81

Drug–drug interactions are even more probable when 
patients with tuberculosis also have HIV, because many 
anti-HIV drugs are substrates of metabolic or transporter 
enzymes, or can change the activity of these enzymes. 
Similarly, toxicity profi les and side-eff ects of HIV, 
tuberculosis, and diabetes drugs might overlap. To our 
knowledge, no studies on the combined treatment of 
these three diseases have been published.

What is needed for patients with concurrent 
tuberculosis and diabetes?
Patients with tuberculosis and diabetes might need 
alternative interventions besides changes to their drug 
regimens. Counselling and education are advised for 
patients with tuberculosis and newly diagnosed diabetes. 
In an Indonesian study, 60% of cases of diabetes in 
patients with tuberculosis were newly diagnosed.82 To 
refer a patient with active tuberculosis to a separate 
diabetes clinic is not an option that appeals, both from a 
patient’s and an infectious control point of view. However, 
patients that need insulin, in particular, need to learn 
about glucose measurements and the symptoms and 
necessary action in case of hypoglycaemia. Intense 
engagement of patients with tuberculosis with the health 
system, especially early on in their treatment, provides an 
opportunity for repeated counselling including about 
lifestyle interventions (eg, nutrition, weight loss, smoking 

Figure 2: Factors that aff ect glycaemic control for patients with diabetes during treatment for tuberculosis

Active tuberculosis
Inflammation leading to:
weight loss; loss of appetite;
insulin resistance

Behaviour
Variable food intake;
physical activity;
treatment compliance

Health systems
Access and affordability of health services;
collaboration between tuberculosis and 
diabetes physicians; laboratory facilities;
continuous medicaton supply

Drug therapy
Side-effects (eg, vomiting); 
drug–drug interactions;
weight gain during treatment

Riza AL,	Pearson	F,	Ugarte-Gil	C,	et	al.	Lancet	Diabetes	2014

Factores que	afectan el	control	glicemico de	pacientes con	DM	durante el	tratamiento de	TB
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Estudio TANDEM	– Lima

• 600	pacientes	con	TB	enrolados,	47	had DM
• à prevalencia	7.8%	(95%CI:	5.9%-10.3%)

• 31/47	 con	diagnóstico	previo	de	DM	y	16/47
eran	Nuevos	diagnósticos

…	próxima	publicación	2017	(2337	pacientes	en	4	países)
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Características	TB-DM:	TANDEM	Lima

• Mediana	edad	(RIQ):	52.0	(47.0-58.5)	años

• Mediana	IMC	(RIQ):	24.7	(21.8-28.4)

• Mediana	HbA1c%	(RIQ):	10.6	(9.0-13.3)

• Más	del	55%	de	los	pacientes	tenían	menos	de	5	
años	de	diagnóstico	de	DM

• Historia	familiar	de	DM:	40.4%
RIQ:	Rango interquartil
HbA1c:	Hemoglobina glicosilada



HbA1c	en cohorte TANDEM	- Perú



HbA1c:	pre-dx	DM	vs	DM	nuevo

Pre-dx	DM DM	nuevo valor	P

Mediana HbA1c	(RIQ) 10.9	(9.7-13.5) 8.5	(6.8-11.3) 0.02

*Mann-Whitney	(median)	and	Chi2 (#participants)

Ugarte-Gil	C,	et	al.	2017

RIQ:	Rango interquartil
HbA1c:	Hemoglobina glicosilada



Hiperglicemia no	DM:	TANDEM	- Lima

• Prevalencia general
• 39.7% (95%CI: 35.8% -43.6%)

• Prevalencia en mayores de 35 años
• 27.3% (95%CI: 21.8%-33.7%)
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Transient Hyperglycemia in Patients With Tuberculosis in
Tanzania: Implications for Diabetes Screening Algorithms
Noémie Boillat-Blanco,1,5,6,7 Kaushik L. Ramaiya,2,3 Maliwasa Mganga,4 Lilian T. Minja,1 Pascal Bovet,8 Christian Schindler,5,6 Arnold Von Eckardstein,9

Sebastien Gagneux,5,6 Claudia Daubenberger,5,6 Klaus Reither,1,5,6 and Nicole Probst-Hensch5,6

1Ifakara Health Institute, 2Shree Hindu Mandal Hospital, 3Muhimbili University of Health Sciences, and 4Kinondoni Municipal Council, National Tuberculosis Program, Dar es Salaam, United Republic of
Tanzania; 5Swiss Tropical and Public Health Institute, and 6Department of Sciences, University of Basel, 7Infectious Diseases Service, and 8Institute of Social and Preventive Medicine, Lausanne
University Hospital, and 9Institute of Clinical Chemistry, University of Zurich, University Hospital of Zurich, Switzerland

Background. Diabetes mellitus (DM) increases tuberculosis risk while tuberculosis, as an infectious disease, leads to hypergly-
cemia. We compared hyperglycemia screening strategies in controls and patients with tuberculosis in Dar es Salaam, Tanzania.

Methods. Consecutive adults with tuberculosis and sex- and age-matched volunteers were included in a case-control study be-
tween July 2012 and June 2014. All underwent DM screening tests (fasting capillary glucose [FCG] level, 2-hour CG [2-hCG] level,
and glycated hemoglobin A1c [HbA1c] level) at enrollment, and cases were tested again after receipt of tuberculosis treatment. As-
sociation of tuberculosis and its outcome with hyperglycemia was assessed using logistic regression analysis adjusted for sex, age,
body mass index, human immunodeficiency virus infection status, and socioeconomic status. Patients with tuberculosis and newly
diagnosed DM were not treated for hyperglycemia.

Results. At enrollment, DM prevalence was significantly higher among patients with tuberculosis (n = 539; FCG level > 7 mmol/
L, 4.5% of patients, 2-hCG level > 11 mmol/L, 6.8%; and HbA1c level > 6.5%, 9.3%), compared with controls (n = 496; 1.2%, 3.1%,
and 2.2%, respectively). The association between hyperglycemia and tuberculosis disappeared after tuberculosis treatment (adjusted
odds ratio [aOR] for the FCG level: 9.6 [95% confidence interval {CI}, 3.7–24.7] at enrollment vs 2.4 [95% CI, .7–8.7] at follow-up;
aOR for the 2-hCG level: 6.6 [95% CI, 4.0–11.1] vs 1.6 [95% CI, .8–2.9]; and aOR for the HbA1c level, 4.2 [95% CI, 2.9–6.0] vs 1.4
[95% CI, .9–2.0]). Hyperglycemia, based on the FCG level, at enrollment was associated with tuberculosis treatment failure or death
(aOR, 3.3; 95% CI, 1.2–9.3).

Conclusions. Transient hyperglycemia is frequent during tuberculosis, and DM needs confirmation after tuberculosis treatment.
Performance of DM screening at tuberculosis diagnosis gives the opportunity to detect patients at risk of adverse outcome.

Keywords. tuberculosis; diabetes mellitus; stress-induced hyperglycemia; transient hyperglycemia; sub-Saharan Africa.

Interest in the comorbidity between tuberculosis and diabetes
mellitus (DM) has reemerged due to the global increase of
DM and its potential impact on tuberculosis control. DM dou-
bles or triples the incidence of active tuberculosis and increases
the risk of tuberculosis treatment failure and death [1–3]. A
framework was developed to guide national programs in their
response to DM and tuberculosis [4]. The prevalence of DM
among patients with tuberculosis differs between countries
(16%–45%). Sub-Saharan Africa has the highest rate of undiag-
nosed DM, is expecting the sharpest increase in DM by 2035,
has a high tuberculosis burden, and has the highest rate of tu-
berculosis and human immunodeficiency virus (HIV) coinfection

[5, 6]. Two studies in Tanzania and Uganda confirmed the cross-
sectional tuberculosis-DM association in the presence of high HIV
prevalence [7, 8]. Unexpectedly, HIV seamed to protect against
DM. The impact of HIV infection on the tuberculosis-DM associ-
ation needs further investigations, as HIV increases metabolic risk
but can also lower body mass index [9].

When and how best diagnose DM in the presence of infec-
tions is challenging. As an infectious disease, tuberculosis in-
creases insulin resistance and stress-induced hyperglycemia,
which may lead to overdiagnosis of DM during the acute
phase of tuberculosis [10]. Screening of DM is based on blood
glucose criteria and, lately, on the use of glycated hemoglobin
A1c (HbA1c), with its advantage of not requiring fasting and
exhibiting fewer day-to-day variations during periods of stress
and illness, owing to its half-life of 120 days [11–13]. Few
small studies have examined the longitudinal course of glycemia
during tuberculosis treatment, but none were conducted on the
African continent or compared the performance of different
DM screening tests over time within the same study population
[14–17]. We therefore examined the association of tuberculosis
and its outcome with the presence and persistence of hypergly-
cemia in Tanzania, using 3 different DM screening tests.
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La	hiperglicemia	transitoria
parece	frecuente	en	pacientes	con	TB
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TB-MDR	y	DM
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Características TB-MDR no DM
(n=1871)

TB-MDR DM
(n=128) p-value

Mediana Edad (RIQ) 26 (22-34) 52 (44-59) < 0.05

Edad > 35 años (%) 460 (24.6%) 114 (89.1%) <0.05

Mediana IMC (RIQ) (n=1652) 21.6 (19.5-23.9) 23.0 (10.7-27.1) <0.05

IMC ³ 25kg/m2 (%) (n=1652) 283 (18.3%) 35 (34.7%) <0.05

Mediana glucosa mg/dl (RIQ) 
(n=1934) 85 (76-94) 155.9 (115.4-

236) <0.05

Glucosa ³ 200 mg/dl (%) 
(n=1934) 13 (0.7%) 41 (33.1%) <0.05

Pacientes TB-MDR	y	DM
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Sobrevida	al	mes	36	de	iniciado	tratamiento	MDR:	
mayores	de	35	años

Log-rank test p-value <0.01
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Factores asociados a mortalidad en pacientes
TB-MDR (n=1564)

Factores HR crudo
(95% CI)

HR* ajustado
(95%CI) valor p

DM 2.6 (1.7-4.0) 2.6 (1.4-4.7) <0.05

Edad >35 (%) 2.3 (1.7-3.1) 2.5 (1.7-3.6) <0.05

IMC ³ 25kg/m2 (%) 0.2 (0.1-0.5) 0.2 (0.1-0.4) <0.05

VIH 4.4 (2.7-7.2) 4.7 (2.8-7.9) <0.05

*Ajustado por género, estar en prisión, tratameinto previo de TB, BK positivo al inicio, glucosa encima de200mg/dl
HR: Hazard Ratio
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Situación	TB-DM:	Lima	2015-2016

• 15254	casos	de	Enero	2015-Diciembre	2016	
mayores	de	18	años:
– 1081	(7.1%)	tenia	DM
– 2769	(18.2%)	no	tenia	prueba	para	descartar	DM

• Comparemos	con	VIH
– 769	(5.0%)	tenia	VIH
– 1576	(10.3%)	no	tenia	prueba

Fuente:	SIGTB



Situación	TB-DM:	Lima	2015-2016

• Batería	completa	de	Análisis
– No	DM:	80.1%
– DM:	75.6%

• Batería	parcial	de	Análisis
– No	DM:	7.1%
– DM:	10.7%

• No	realizada
– No	DM:	0.4%
– DM:	1.2

Fuente:	SIGTB



57.2% 84.7% 89.3% 84.6% 69.7% 62.8% 73.6% 

18.8% 

13.6% 
10.7% 

11.5% 

10.6% 

13.2% 

10.2% 
24.0% 

1.8% 0.0% 
3.9% 

19.7% 
24.1% 

16.2% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

Ate	II Magdalena Lurin Manuel	Barreto Los	Olivos Collique Rimac

Micro	redes	con	más	de	10%	de	casos	TB-DM

No	DM DM Prueba	no	Realizada
Fuente:	SIGTB



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

18-34	años 35-44	años 45-54	años 55-64	años 65+	años

77.8% 76.0% 
69.3% 

61.9% 
70.9% 

2.6% 8.1% 
14.1% 

20.9% 
13.5% 

19.6% 15.9% 16.6% 17.2% 15.6% 

Po
rc
en

ta
je
de

	ca
so
sd

e	
TB

Distribución	de	casos	TB-DM	por	edad	– 2015/2016

No	DM DM Prueba	no	realizada
Fuente:	SIGTB



Preguntas	pendientes	en	TB-DM	
• ¿Vale	la	pena	implementar	HbA1c	en	centros	de	salud?
Aparentemente:	sale	estudio	TANDEM	este	año

• ¿Qué	barreras	se	presentan	en	el	cuidado	de	pacientes	TB-
DM	en	Lima?

Esta	corriendo	el	estudio	de	cascada	de	cuidado,	en	colaboración	
con	la	DPCTB	- resultados	a	finales	2017

• ¿Cuál	es	el	mejor	tratamiento	para	DM	en	pacientes	TB-
DM?

Aun	no	existe	evidencia	cual	es	mejor:	insulina	o	metformina



Amit Singhal et al., Sci Transl Med 2014;6:263ra159

Efecto de	la	metformina en pacientes
TB-DM



Amit Singhal et al., Sci Transl Med 2014;6:263ra159

Reducción en incidencia de	TB	latente en
pacientes TB-DM	tratados con	metformina



Conclusiones

• TB-DM	es	más	común	de	lo	que	parece	

• Esta	fuertemente	asociado	a	la	edad,	IMC	y	
con	peores	resultados	al	tratamiento

• El	manejo	del	paciente	TB-DM	es	complejo	y	
multidisciplinario➡ para	evitar	recaídas
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