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Abstract

Human Immunodeficiency Virus (HIV)/Acquired Immunodeficiency Syndrome (AIDS), Tuberculosis (TB) and
Diabetes mellitus (DM) were individually one of the top ten causes of mortality all over the world. Dreadfully, all
together these three killers claim 4.38 million lives in each year, which correspond to 7.7% of total deaths/annum.
The association between HIV and TB were well recognized, and the control measures were already constructed,
implemented and working well. Whereas, the evidences were growing for the association between TB and DM as
well as HIV and DM. Hence, we are in the need to construct an interlinked screening, diagnosis, treatment, prevention
and counseling strategy for all TB, Diabetic and HIV patients to control the morbidity and mortality associated with
these deadly diseases. At least, as a cost effective measure, all the diabetic patients should be screened for TB and
vice versa, similar to the lesson learned from HIV-TB association and, HIV patients on anti-retroviral therapy should
be monitored for hyperglycemia and the development of DM. Such a strategy would lead to earlier case detection,

improve the management of all the three deadly diseases, and reduce the mortality significantly.
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Background

Human Immunodeficiency Virus (HIV)/Acquired Immunode-
ficiency Syndrome (AIDS), Tuberculosis (TB) and Diabetes mellitus
(DM) were individually one of the top ten causes of mortality all over
the world [1]. Annual deaths caused by these diseases were 1.78 mil-
lion, 1.34 million and 1.26 million respectively. Dreadfully, all together
these three killers claim 4.38 million lives, which correspond to 7.7% of
total deaths/annum. Among the three killers two are chronic commu-
nicable disease i.e., HIV and TB; and the other is chronic noncommu-
nicable disease i.e., DM. The association between communicable and
noncommunicable diseases were known for centuries but are neglected
until recently [2]. Intriguingly, in the recent past evidences were ac-
cumulating on the association between TB and DM, as well as HIV/
AIDS and DM, which gained importance to the communicable - non-
communicable disease association [3]. Nevertheless, the HIV-TB link
was well recognized since the beginning of HIV epidemic. Hence, this
editorial is attempted to review the evidence and counter-evidence stat-
ing the association between these three deadly diseases in relation to
aetiopathogenesis, diagnosis and management.

Tuberculosis and Diabetes

Tuberculosis holding a persistent top position among the fatal
infections of bacterial diseases all over the world [1,4]. According to
the World Health Organization (WHO) report, there are about 8.8
million new TB cases and 1.45 million deaths owing to TB in the year
of 2010 [5]. However, in recent past, TB incidence has declined in
developed countries, but the incidence remains high in developing and
underdeveloped countries. Awfully, it is estimated that 1/3 of the world
population i.e., ~ 2 billion were latently infected with Mycobacterium
tuberculosis and may get progressed to active TB at any time of life,
especially during the immunosuppression. At the same time, the
prevalence of diabetes mellitus is increasing globally in an alarming
manner. As estimated by Wild et al. [6] the prevalence of DM was 171
million or 2.8% in the year of 2000. Shockingly, the estimated prevalence
was more than doubled within the short period of 10 years. According
to International Diabetes Federation report, the global prevalence of
DM was estimated to be 366 million or 8.3% in the year of 2011 and is

expected to surge to 552 million or 9.9% people, by 2030 [6,7].

The relationship between TB and DM has been recognized for
centuries [8]. In the middle of twentieth century, there were reports
on the association between TB and DM, stating that, merging the
management of these diseases could improve the patient outcome [9-
11]. However, until recent years [12], there was a lack of strong evidence
on the strength of the association between TB and DM. Presently the
association between the TB and DM are poorly acknowledged. The
link was not even mentioned in many global and national TB control
strategies yet it is plausible that diabetes is a major threat to effective
TB control [3,5].

According to a recent meta-analysis, diabetes patients have three
times the risk of contracting TB as non-diabetics [2] and studies report
the portion of TB cases ascribable to diabetes to be between 15% and
25% [13,14]. The WHO suspects that the TB control could become
difficult, as there is alarming rise in the prevalence of DM patients
across the globe [15]. The biological mechanism for the association
between TB and DM is not fully understood but studies suggest that
diabetes depresses the immune response [16], which in turn facilitates
the progression of latently infected Mycobacterium tuberculosis to
active TB disease.

Furthermore, the incidence of multi-drug resistant TB (MDR-TB)
was also reported to be high among DM patients owing to the impaired
absorption of anti-TB drugs in the gastrointestinal mucosa, which
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resulted in the sub-lethal dose achievement at the tissue level where the
bacteria exist, and facilitate the development of drug resistance [17-19].
However, it was not supported by other studies [20,21] and uncertainty
remains.

Although the many number of studies evaluated the presence of
diabetes as a risk factor for TB [12,22], the connection between DM
and TB is suggested to be bidirectional. According to the reports by
Nichols et al. [23] and Karachunskii et al. [24], TB could increase
the risk of developing diabetes. However, ambiguity remains around
whether TB is a risk factor for DM.

Therefore, it is obvious that patients with diabetes are at higher risk
of developing active TB than non-diabetic patients [2,12]. Integrating
TB and diabetes control programs worldwide would facilitate TB
prevention among diabetes patients. Such a strategy would provide a
way to earlier case detection and improve the management of both TB
and diabetes.

Diabetes and HIV/AIDS

According to the recent UNAIDS report, 33.3 million people
were estimated to be living with HIV/AIDS [25]. Sub-Saharan Africa
sustained to hold a maximum share of the global burden of HIV
patients and AIDS related deaths.

The association between HIV infection and DM is poorly
understood. According to Butt et al. [26] HIV infection is not having
direct association with DM; however, the intake of anti-retroviral
therapy (ART) increases the risk of developing DM. According to
Brown et al. [27,28] the incidence of DM was 4 times higher among
the persons taking highly active ART (HAART), than that of HIV
uninfected persons.

ART is the only approved tool for the management and control of
HIV/AIDS disease progression. It consists of a number of drugs that
suppresses viral multiplication and decreases the viral load. HAART is
the gold standard for the management of AIDS, where three or more
drugs are combined together in order to prevent the development of
drug resistance in HIV. According to recent report of UNAIDS, ART
was currently put on more than 5 million HIV infected persons [25].

Patients living with HIV/AIDS (PLHA) are increasing in number,
partly owing to improved screening strategy (earlier diagnosis of
HIV), better treatment and monitoring options (management of
opportunistic infections and monitoring of CD4 cell count at regular
intervals), and greater accessibility to ART at government centers with
free of cost - altogether help improve the survival of these patients.
Consequently, HIV/AIDS associated mortality was reported to be
significantly declining in the recent past. Addition of newer cases and
the endurance of previously diagnosed cases, results in the increasing
number of PLHA [25].

However, the major problem with ART is, once started it should
be continued for entire life. This resulted in an augmented exposure
to ART and caused chronic complications due to drug toxicity among
them. Hence, PLHA taking ART frequently presents with diabetes and
other metabolic complaints [29]. The prevalence of hyperglycemia and
diabetes mellitus is significantly higher in PLHA being treated with
ART, as compared with the general population [29-32]. Therefore, as
number of PLHA increases, the incidence of HIV-associated diabetes
is also bound to grow. There are three subgroups of diabetes among

PLHA: the most important subgroup in relation to HIV associated
diabetes is developing hyperglycemia after the initiation of ART, other
two subgroups were, patients with preexisting diabetes, and those
who are diagnosed to have diabetes at the time of HIV diagnosis. The
management of diabetes in these three PLHA subgroups were different,
since the mechanisms of metabolic dysregulation vary in them [29].

The aetiopathogenesis of DM in PLHA were mainly insulin
resistance, rather than insulin deficiency. Reportedly, insulin resistance
is common in HIV-infected people, particularly among those being
treated with protease inhibitor. It is hypothesized that, protease
inhibitor (PI) confer acute metabolic risks, while nucleoside reverse
transcriptase inhibitor (NRTI) confers cumulative risks of diabetes in
exposed, predisposed persons. Exposure to a combination of NRTT and
PI has synergistic effect on the onset of diabetes [33]. Takarabe and
Rokukawa [34] recently reported the autoimmune mechanism of DM
among the HIV infected persons during the restoration of immunity
after the initiation of HAART.

Therefore, it is strongly recommended that, the patients with HIV
should be screened for diabetes at the time of HIV diagnosis, at the
initiation of HAART, and three to six months after HAART.

HIV/AIDS and Tuberculosis

The association between TB and HIV was well recognized, since
the early years of HIV epidemic. Their dangerous synergy affects all
aspects of both the diseases, from pathogenesis and epidemiology; to
clinical manifestation, treatment, and prevention. The greatest burden
of the TB-HIV co-infection was observed in sub-Saharan Africa.

Individually, both HIV and TB were the two leading causes of
infectious disease associated mortality worldwide [1]. Additionally, TB
is the leading cause of death among PLHA. Nearly one in four deaths
among people with HIV is owing to TB. According to the recent WHO
report [5,35], 1.1 million new TB cases were estimated among the HIV
patients in 2010. Among them around 82% of patients was living in
sub-Saharan Africa.

At least one-third of the 33.3 million people living with HIV
worldwide are latently infected with TB. The HIV-TB co-infected
persons are 21-34 times more likely to develop active TB disease, than
the persons without HIV [35]. The HIV-TB co-infection can occur
in two forms: person with latent TB acquire HIV infection or HIV
infected person acquire new TB infection. In both the cases, the risk of
developing active TB increases several fold. According to Chaisson et
al. [36] the risk of reactivation of latent TB infection, increases to 100-
fold, when a person acquires HIV infection. More importantly, PLHA
need early diagnosis and treatment of active TB disease; and if TB was
not present, they should receive Isoniazid preventive therapy [5,35].

The increasing incidence of MDR-TB and the emerging problem
of extensively drug-resistant TB (XDR-TB), were reported to be more
common in HIV infected and are most problematic for the management
(Table 1). The drug resistant forms worsen the management of active
TB cases, and are responsible for very high mortality rate among PLHA
and may undermine the current TB control strategies especially in low
and middle-income countries [37,38].

HIV-TB co-infection complicates both the diagnosis and treatment
of tuberculosis. Because the sputum smear microscopy in HIV infected
persons were, reportedly having reduced sensitivity than that of HIV
uninfected persons. The treatment of HIV-TB co-infection includes the
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concomitant administration of both anti-tuberculosis therapy (ATT)
and ART. The most common treatment challenges include, pill burden
and overlapping toxic effects of ATT and ART, drug interactions,
patient compliance and immune reconstitution inflammatory
syndrome. Current treatment guideline for the HIV-TB co-infection
is starting ART within a few weeks of ATT for patients with CD4 cell
count <350 cells/uL; however, when to start ART and what to start
remain ambiguous in HIV-TB management [39].

Tuberculosis, HIV/AIDS and Diabetes

It has long been recognized that infective agents may predispose
to, or trigger, some chronic noncommunicable diseases [11]. Now, it
has become evident that two of the most common infectious diseases,
TB and HIV, may also be closely related to chronic noncommunicable
disease [3]. Based on the available evidence, it is clearly understood
that, diabetes predisposes to TB [2,13], whereas with limited evidence
TB may also predispose to diabetes [40]. ART for HIV/AIDS may
increase the risk of metabolic syndrome and thus predispose to DM
(Figure 1) [27,30]. Hence, we call for the action of considering all the
three diseases together for diagnosis and management to improve the
case detection, early treatment and possible prevention.

Although, the current evidences suggest the strong association
between HIV, TB and DM much research is needed to arrive
conclusion, especially the combined effect of HIV and DM on TB is yet
to be unveiled (Table 1). Nevertheless, integrating HIV/AIDS, TB and
diabetes control programs in low and middle-income countries would
have a great public health impact in preventing TB among HIV and/
or DM patients; and DM among HIV patients. Such a strategy would
lead to earlier case detection, improve the management of all the three

Figure 1: Association between HIV/AIDS, Tuberculosis and Diabetes mellitus.

Adverse Outcomes HIV-TB DM-TB (HIV&DM)-TB
Increased TB cases ++ + ? (+++)
More difficult to diagnose TB cases | Yes Yes ? (Yes)
Increased Death Yes Yes ? (Yes)
Increased Recurrent TB Yes Yes ? (Yes)
Increased incidence of MDR - TB Yes Yes ? (Yes)

HIV — Human Immunodeficiency Virus Infection
TB — Tuberculosis

DM — Diabetes mellitus

MDR-TB — Multi-Drug resistant TB

Results inside the parenthesis were hypothesized.

Table 1: Assessment of each condition in association with Tuberculosis.

deadly diseases, and reduce the mortality significantly.
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social networking.

Open access provide, immediate dissemination of knowledge to all
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