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SUMMARY

The intersection of tuberculosis (TB) with non-communicable disease, including diabetes mellitus,
chronic pulmonary disease, and cardiovascular disease has emerged as a critical clinical and public
health challenge. Rapidly expanding hon-communicable disease epidemics threaten TB control in
low- and middle-income countries, where the prevention and treatment of TB disease remains a
great burden. However, to date, the notion that TB may adversely impact non-communicable
disease risk and severity has not been well explored. This review summarizes biomedical
hypotheses, findings from animal models, and emerging epidemiologic data related to the
progression of diabetes mellitus, chronic lung disease and cardiovascular disease during and after
active TB disease. We conclude that there is sufficient empirical evidence to justify a greater
research emphasis on the syndemic interaction between TB and non-communicable disease.
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INTRODUCTION

The intersection of tuberculosis (TB) and non-communicable diseases (NCDs) threatens the
capacity for low- and middle-income countries (LMIC) to achieve global public health
targets.1:2 Of the 10.4 million global incident TB cases and 1.7 million TB deaths in 2016,
more than 85% occurred in LMIC.3 None of the LMIC are projected to meet the TB-related

Corresponding author: Matthew J Magee, Division of Epidemiology and Biostatistics, School of Public Health, Georgia State
University, PO Box Atlanta, GA 30302, Phone: +1 404 413 1797, mjmagee@gsu.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Magee et al.

Page 2

2030 Sustainable Development Goals of reducing TB deaths by 90% and TB incidence by
80%, as compared to 2015 rates.? Population-level data suggest that progress toward
meeting TB control targets, including scale-up of interventions to reduce TB burdens, will
be complicated by the synergistic relationship between TB and NCDs.#®> Common NCDs
and NCD risk factors—diabetes, chronic pulmonary disease, smoking and alcohol abuse—
are also strong individual-level risk factors for TB disease and TB-related mortality,5-8
impact TB epidemics at the population level,*%-11 and are increasing at an alarming rate in
LMIC.412 Addressing non-communicable and infectious disease comorbidity has been put
forth as a global research priority,13 yet the preponderance of research related to the
intersection of TB and NCDs has focused on one dimension of the relationship—the impact
of NCDs on TB risk and response to TB treatment.14

Active TB disease can have a prolonged clinical course, spanning years from initial infection
until diagnosis and successful treatment completion. Through the course of this chronic
infection, patients with TB often experience systemic inflammation, pulmonary impairment,
social isolation, and reduced quality of life (Figure 1).15-18 Many of the direct and indirect
effects of the biologic and socio-behavioral consequences of chronic illness from TB are
recognized as risk factors for NCDs, and yet, to date, empirical evidence related to post-TB
risk of NCDs is critically limited.1®

In contrast to much of the published literature addressing NCDs and subsequent TB
comorbidity, we aim to summarize the current understanding of the relationship between TB
and post-TB NCDs and pose hypotheses as to how TB may actually increase the risk and
severity of NCDs. We focus on the potential impact of active TB on the pathogenesis of
three of the most common NCDs: type 2 diabetes mellitus (referred to henceforth as
diabetes), chronic pulmonary disease, and cardiovascular disease. We also examine the
potential relationship between latent TB infection and risk of diabetes. By summarizing
existing biomedical theories, putative mechanisms, and experimental and epidemiologic
data, we hope to highlight current gaps in knowledge and stimulate novel lines of inquiry
about the trajectory of patient health after TB disease and TB treatment. The literature for
this hypothesis posing review came from existing meta-analyses, references searches of
seminal articles, and targeted key-word searches in PubMed, and was not designed as a
systematic review.

HYPERGLYCEMIA AND DIABETES

Evidence from animal models and human clinical studies indicates that blood glucose levels
are increased, at least temporarily, in response to TB disease.20-22 Using the guinea pig
model of aerosol TB disease, Podell et al. reported that post-infection blood glucose levels
were significantly higher compared to pre-infection levels, indicating that TB disease is
sufficient to induce hyperglycemia.2%-23 Observational studies conducted in geographically
diverse settings have reported a high prevalence of pre-diabetic range hyperglycemia (i.e.,
HbA1c 5.7-6.5% or blood glucose level 140-200 mg/dl two hours after a 75 gm oral
carbohydrate challenge) among patients at the time of TB treatment initiation.24-2% While
TB disease may induce hyperglycemia, TB treatment may subsequently serve to lower blood
glucose levels. A few studies report a signifcant decline in HbAlc after the intensive phase
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of TB treatment, even among patients who were euglycemic at baseline (Figure 2). A 2017
study of patients with smear positive TB from Pakistan reported a median decrease in fasting
blood glucose after 6 months of TB treatment among patients with newly screened diabetes
(median decrease 38 mg/dl) and known diabetes (median decrease 31 mg/dl).2° In the
Effects of Diabetes on Tuberculosis Severity (EDOTS) cohort, one third of particpants with
diabetic range hyperglycemia at baseline were unaware of having diabetes prior to incident
TB.2 This “new-DM” group had lower median HbA1lc at baseline than those with diabetes
diagnosed prior to incident TB and many reverted to pre-diabetic range hyperglycemia after
the intensive phase of TB treatment. While anti-diabetic treatment might be a contributing
factor to reversion in some cases, these results are consistent with infection-induced stress
dysglycemia. Yet, critical gaps in knowledge remain, including the risk for sustained
conversion to pre-diabetes or diabetes in patients without those disorders prior to incident
TB disease, and the subsequent lifetime risk for incident diabetes in patients with transient
hyperglycemia that normalizes after TB treatment (Figure 3). Notably, a study using primary
care data from the UK reported an association between previous diagnosis of TB and risk of
diabetes during a four-year period.30:31

Potential mechanisms of TB-induced hyperglycemia

One plausible mechanism by which active TB may induce hyperglycemia or diabetes is via
an acute stress response resulting from an interaction between pro-inflammatory cytokines
and regulatory hormones, which may be sufficient to disrupt insulin signaling and increase
insulin resistance.2%:32-34 Active TB results in an increased production of reactive oxidative
species and increased expression of pro-inflammatory cytokines which may lead to excess
production of glucose in the liver, which in turn can result in stress hyperglycemia.2>
Consequently, ongoing inflammation and stress responses3® during the acute phase of TB
likely results in increased blood glucose levels and hyperglycemia. If a patient was
hyperglycemic prior to developing active TB, the TB-related stress response may lead to
exacerbated hyperglycemia or overt diabetes.32 The phenomena of acute infections leading
to stress hyperglycemia has been described; for example, Helicobacter pylori infection and
subsequent induction of insulin resistance in patients is well-established.36 But the extent to
which similar mechanisms of stress hyperglycemia may result from Mycobacterium
tuberculosis has not been carefully evaluated.

Second, M. tuberculosis (Mtb) bacilli may disseminate to adipose tissue where activated
immune cells can promote pro-inflammatory responses, impact insulin sensitivity, and
contribute to diabetes risk. Using a mouse TB model, Beigier-Bompadre et al reported that
Mtb persists in murine adipose tissue and that Mtb antigen-specific CD8 cells produced
IFN-a in the infected tissue.3” Exploratory evidence suggests TB may also persist in human
adipose tissue.38 Similarly, TB is associated with elevated heme oxygenase-1, a host
antioxidant expressed in lung tissue that is correlated with inflammation, increased in the
presence of diabetes, and critical for the development of metaflammation.3940 If active TB
induces persistent proinflammatory responses in adipose tissue and contributes to
metaflammation, insulin sensitivity will decrease which would, in turn, increase the risk of
diabetes progression.
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Epigenetic reprogramming is a third mechanism by which active TB may increase the risk of
hyperglycemia or diabetes. Epigenetic changes refer to mechanisms that alter gene
expression without changing the underlying DNA sequence (e.g., DNA methylation and
histone modification).#1~43 Chronic hyperglycemia has been linked to increased acetylation
of histone lysine residues, which may result in persistently increased proatherogenic gene
expression even during subsequent periods of normoglycemia.#44> A number of clinical
trials among patients with diabetes have found that patients who achieve tight glycemic
control after a period of sustained hyperglycemia may nonetheless experience progression to
diabetic complications. This phenomenon, called metabolic memory, is thought to result
from epigenetic reprogramming caused by glucotoxicity.*6-49 In patients with active TB, it
is plausible that an early hyperglycemic environment could be epigenetically imprinted on
vascular and immune cells and alter the gene expression during the subsequent
normoglycemic periods.#44° This hypothesized epigenetic change due to TB-induced
transient hyperglycemia is similar to the concept of metabolic memory in gestational
diabetes, where a hyperglycemic environment during pregnancy increases the risk of
diabetes incidence among mother and the offspring later in life,>0:51 even after returning to
euglycemia. Collectively, findings from several studies support the hypothesis that active TB
can induce acute stress-related hyperglycemia, which may lead to an epigenetically
determined metabolic memory that increases the risk for progression of pre-diabetes and
diabetes, and that exacerbates diabetic complications even after blood glucose levels have
returned to normal.

Although the association between TB and diabetes is speculated to be bi-directional,
progress in understanding how active TB increases the risk of subsequent hyperglycemia and
diabetes is limited by the complexity of diabetes pathogenesis. There are population-based
differences in the pathogenesis of diabetes which further complicate the relationship
between TB and diabetes. For example, environmental and genetic risk factors for diabetes
in the South Asian phenotype is different than other regions of the world.52 Moreover, while
clinical diagnostic criteria for diabetes are well established,>3:>4 the progression from normal
glycemic to diabetes includes stages of pre-diabetic metabolic dysregulation,®>-57 which are
difficult to measure and observe epidemiologically. Given the complexity and long duration
of incident diabetes pathophysiology, determining whether active TB and transient increases
in metabolic risk factors increase post-TB diabetes risk will require long-term cohort studies
of patients after TB treatment completion. Prospective cohorts of patients who have
completed TB treatment and that include frequent measurement of metabolic parameters are
needed to determine if incidence rates of diabetes and other metabolic disorders are different
compared to those without a history of TB disease. In addition, because incident TB might
unmask indiviudals who were predisposed to diabetes, post-TB diabetes incidence rates may
be higher, not due to TB but rather pre-existing risk factors. In studies that aim to determine
the effect of TB on post-TB diabetes risk, indentifying appropriate control groups, and
ruling out reverse causality will pose a substantial analytic challenge. Ideally prospective
cohorts are need that include regular follow up and rigorous measures of metabolic function,
but given the resources needed for prospective designs existing data sources may be
leveraged to answer these questions. Large health insurance databases, national primary care
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data, or other data that can link history of TB disease with valid measures of diabetes
incidence will also provide informative observational data on the TB-NCD association.

Latent TB infection and hyperglycemia and diabetes risk

A basic, yet essentially unexplored area of epidemiologic research is whether latent TB
infection may increase the risk of diabetes. While substantial observational data indicate that
diabetes increases the risk of active TB, current understanding of the biologic pathways
between diabetes and risk of TB is greatly limited by the inability to characterize the
direction of the relationship between latent TB infection and diabetes. For example, the
extent to which the increased risk of active TB in patients with diabetes is due to 1)
increased risk of TB infection, 2) increased risk of reactivation from latent TB infection to
active TB disease, or 3) primary progression from exposure to active TB disease have not
been characterized. Meanwhile, if latent TB infection increases the risk of diabetes, each of
the three pathways described previously could be impacted.

The current conventional thinking is that diabetes increases the risk of active TB, but there is
increasing evidence that there is also an association between latent TB infection and
prevalence of diabetes. A meta-analysis of 12 cross-sectional studies reported the pooled
odds of latent TB infection among patients with diabetes was estimated to be 1.2 to 2.0
times the odds of latent TB in those without diabetes even after adjusting for multiple
potential confounders such as age, sex, and smoking status.>® Two cross-sectional studies
using data from the nationally representative 2011-2012 National Health and Nutrition
Examination Survey (NHANES) reported the prevalence of latent TB infection among those
with diabetes to be more than twice the prevalence among those without diabetes.>9:60 A
multisite cross-sectional analysis of data from the UK also reported an adjusted prevalence
ratio for the association between latent TB and diabetes to be 1.15 (95% CI 1.02-1.30).61
Similar to the bidirectional interaction between active TB disease and diabetes, the
association of diabetes with latent TB infection could reflect diabetes-induced susceptibility
to become infected with Mth as well as an adverse effect of latent TB infection on glucose
metabolism in the host. Therefore, many of the challenges related to determining causality
between active TB and diabetes will apply to studies that focus on the relationship between
latent TB and risk of diabetes.

Potential mechanisms of latent TB-induced hyperglycemia and diabetes

A paradigm shift in the characterization of TB infection now conceptualizes latent TB
infection to have a spectrum of host-pathogen interactions spanning sterilizing immunity,
dormant infection, and subclinical but biologically active site of infection. Thus, a
subpopulation of individuals with clinically latent TB infection mount an immune response
that maintains a balance between Mtb replication and elimination. Animal models and
advanced 18F-fluorodeoxyglucose imaging techniques in humans demonstrate that
immunological activity within granulomas is heterogeneous.®2:63 This heterogeneity reflects
a spectrum of metabolic and responses, ranging from dormant hypoxia, to pro-inflammatory
cell proliferation and angiogenesis.64-66
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Latent TB infection can impact organs beyond the lungs, in sites such as the spleen, kidney
and liver.5” DNA from Mtb has also been detected in human fat tissue surrounding the
kidneys, stomach, lymph nodes, heart, and skin.8” Another study found that Mtb bacilli can
be directly isolated from visceral, subcutaneous, peri-renal, and mesenteric adipose tissue of
immunocompetent mice.®® Moreover, Neyrolles et al. demonstrated that Mtb can enter
primary human adipocytes and survive in a non-replicating state.38 Given that metabolically
active Mtb appears to persist in fat, lung and liver tissue of individuals with latent TB
infection, it is plausible that the immune activity required to maintain the subclinical state
could exert a diabetogenic effect.

At the same time, inflammation in adipose tissue, principally due to loss of immunologic
adipocyte homeostasis, is instrumental in the development of diabetes. In adipose tissue,
insulin sensitivity and immune cell homeostasis are maintained by a balance between B-
cells, monocytes and T cells.59 Obesity induces increased free-fatty acids which stimulate
monocytes and subsequent increases in both pro-inflammatory cytokines and adipokine
secretion. Adipocyte hypertrophy increases cell stress and apoptosis, which promote
monocyte migration and macrophage differentiation. The resulting adipose tissue
inflammation is thought to initiate the progression from non-diabetic obesity to diabetes.
While metaflammation is generally thought to result from lipotoxicity, it is plausible that the
inflammatory response that develops in adipose tissue during TB would contribute to the
loss of adipocyte homeostasis and metabolic perturbation. An inflammatory impact of
granulomas on immunopathology has been observed in multiple other infectious and non-
infectious disease states.’0-73

CHRONIC PULMONARY DISEASE

By 2030, it is projected that chronic obstructive pulmonary disease (COPD)-related deaths
will eclipse lower respiratory tract infections to become the third commonest cause of death
globally.” While this upsurge is due in part to rising levels of air pollution and tobacco use,
TB is increasingly recognized as a substantial contributor to the global burden of chronic
lung disease.”78 Among those who survive their initial TB episode and achieve
microbiologic cure, it is estimated that 50-70% will develop chronic lung disease with either
obstructive, restrictive, or mixed obstructive and restrictive limitations.”’-82 With an
estimated 9 million TB survivors annually,83 up to 6 million individuals might develop post-
TB pulmonary impairment every year.

In a nationally-representative survey from South Africa, a history of pulmonary TB was
associated with a fivefold increase in the odds of post-TB chronic bronchitis, an association
that was nearly three-times greater than the association between smoking and chronic
bronchitis.84 Similarly, South African gold miners with a history of pulmonary TB had an
accelerated loss of lung function, even after accounting for baseline characteristics and
mining history. Furthermore, the extent of airflow limitation increased with successive TB
episodes.89-85 In another study conducted in Indonesia, nearly 60% of patients treated for
pulmonary TB had persistent respiratory symptoms at 6 months after treatment completion,
one third of whom had moderately-severe impairment in pulmonary function.8 On an
individual patient level, the extent of disease on chest radiography at the time of initial
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diagnosis has been shown to be inversely associated with long-term pulmonary impairment.
82 However, in a population-based study from Korea, even minimal scarring on chest
radiography was associated with chronic airflow limitation.86

Although post-TB obstructive lung disease was described in the mid-20™ century, our
understanding of the mechanisms responsible for chronic lung injury following pulmonary
TB remains limited.87-%0 The inflammatory response in active TB disease promotes lung
matrix destruction by hydrolytic enzymes including matrix metalloproteinases.18:91.92 Ag
such, lung damage in the wake of active pulmonary TB disease can include any humber of
changes to the lung architecture—from residual cavitation and bronchiectasis to fibrosis or
scarring with resultant volume loss.93-9% Furthermore, lung remodeling likely occurs
following resolution of the active infection, although the nature and time course of such
remodeling is not known.

There are many aspects of post-TB lung disease that warrant further investigation. First and
foremost, at this time there is little understanding of the risk factors for the development of
post-TB pulmonary impairment. Given that smoking is overwhelmingly the most important
risk factor for COPD, it raises the question of whether smoking also raises the risk of post-
TB pulmonary impairment. As compared to non-smokers, cigarette smokers are more likely
to be infected with TB, more likely to progress to active disease, and more likely to die of
their TB.7:7 It is less clear if smoking is an independent risk factor for post-TB lung injury,
with several studies finding no relationship between smoking and pulmonary impairment
after TB.7981 |t is also unclear whether other factors, including bacillary burden, delayed
culture conversion, drug-resistant TB or coinfection with HIV, might increase the risk of
post-TB lung disease.?8 Finally, patients cured of TB may have ongoing pulmonary
inflammation, as evidenced by persistent positron emission tomography (PET) avidity at the
end of treatment. This raises the possibility that lung injury could progress after treatment
completion.” To date, studies of lung function among patients with TB have largely been
limited to the time period during and shortly after completion of TB treatment. A more
comprehensive understanding of the natural history of post-TB pulmonary impairment will
require longitudinal follow-up of large cohorts or registries with serial pulmonary function
tests conducted for several years following TB treatment completion.

The observation that pulmonary impairment after TB correlates with the extent of disease at
diagnosis presents a challenge for efforts to limit lung injury and improve lung function after
TB. It is, however, reasonable to predict that interventions which accelerate the control of
inflammation faster than antimicrobial treatment alone could be beneficial, particularly if
they target pathways responsible for irreversible tissue injury. Fibrotic resolution of
pulmonary TB was a host-protective response in the pre-antibiotic era but may be
maladaptive in the setting of effective anti-TB treatment. In the modern era, novel therapies
to shift the resolution of inflammation away from fibrogenesis might limit chronic
pulmonary impairment after TB. Drugs currently approved to treat reversible airflow
limitation in COPD might improve respiratory quality of life after TB. Promising recent
studies conducted in Korea using the long acting anti-muscarinic antagonist tiotropium or
the long acting beta-adrenoceptor agonist indacaterol demonstrated moderate improvement
in lung function and symptoms.98:99 These studies need to be replicated in other settings and
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extended (e.g. with combination therapies) in order to build a firm evidence base for
managing and treating this increasingly recognized chronic lung disease.

With an estimated 10.4 million incident cases of TB worldwide in 2016, post-TB lung
disease is likely to have a substantial impact on individuals infected with TB, their families
and their communities.83 Post-TB lung disease was estimated to be the largest contributor to
the loss of disability adjusted life-years (DALY's) among survivors of TB in the United
States.’8 Such analyses ought to be replicated in high TB burden settings in order to provide
a more comprehensive understanding of the global burden of this relatively under-
recognized epidemic. A greater understanding of the biological drivers behind these
colliding epidemics of infectious and pulmonary diseases is urgently needed in order to
design public health and clinical interventions to decrease TB-related pulmonary morbidity.

CARDIOVASCULAR DISEASE AND DYSLIPIDEMIA

TB related inflammation may also increase the risk of adverse cardiovascular outcomes
including stroke and acute coronary syndrome (ACS). However, to date, few studies have
examined the relationship between TB and cardiovascular disease (CVD) risk. A nationwide
retrospective cohort study from Taiwan aimed to evaluate the risk of subsequent ACS in
patients with newly diagnosed pulmonary TB. They found that patients with pulmonary TB
who had received outpatient or inpatient medical care at least three times for a principal
diagnosis of TB, had a 1.4-fold increased risk of ACS as compared to uninfected controls
from the general population.1%0 Another study from Taiwan estimated the 3-year risk of
ischemic stroke in patients who had received anti-tuberculosis medication for more than 6
months after first TB diagnosis, compared to randomly selected controls without TB from a
nationwide population based cohort. Study results indicated that after adjustment for
relevant covariates, the risk of ischemic stroke in TB patients was 50% greater than that of
controls.101 Similarly, recent work from a large de-identified insurance claims database in
the United States compared the occurrence of acute myocardial infarction claims between
individuals who had filed previous claims for TB and those who did not—a history of active
TB was associated with a two-fold increased risk of acute myocardial infarction.102
Evidence is therefore emerging that patients with TB are at increased risk for cardiovascular
outcomes compared to the general population, and care for TB should include both anti-
tuberculous treatment, and also active risk reduction for cardiovascular disease.

The mechanisms by which TB may lead to increased CVD risk are currently not well
known. However, various infectious agents have been previously associated with an
increased risk of CVD, including influenza, HIV, and Chlamydia pneumoniae.103-107
Possible pathophysiological mechanisms by which infections may lead to CVD include
systemic inflammation leading to atherosclerotic plaque formation and/or plagque rupture.108
In particular, inflammatory processes increase the secretion of leukocyte soluble adhesion
molecules which aid in the attachment of monocytes to endothelial cells.20° The subsequent
transformation of monocytes into macrophages, coupled with the uptake of cholesterol
lipoproteins, are thought to both initiate and accelerate growth of the atherosclerotic fatty
streak.109 Furthermore, as arterial plaques progress, they become covered by a ‘cap’ of
smooth muscle cells and collagen-rich matrix, which may rupture when triggered by a
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variety of inflammatory stressors.198 In the case of TB, individuals with active disease have
increased levels of pro-inflammatory cytokines,198 which are associated with increased risk
of cardiovascular disease.110-112 Specifically, IL-6 is associated with insulin resistance,
dyslipidemia, and endothelial dysfunction,13 and is found to inhibit lipoprotein lipase and
stimulate lipolysis.110 In addition, IL-6 is expressed in fatty streaks and the atheromatous
‘cap’ suggesting a role of this pro-inflammatory cytokine in the progression of
atherosclerosis.110 It is therefore possible that the activation of a cell-mediated immune
response triggered by TB may play a role in promoting atherosclerosis and increasing
cardiovascular risk in individuals with active TB.108 This hypothesis is supported a recent
systems immunology study that identified upregulation of CVD risk biomarkers
(neutrophil:lymphocyte and monocyte:HDL ratios) and pathways (e.g. complement and
platelet activation) in pulmonary TB patients.114

Active TB and increased dyslipidemia

Active TB in itself may also directly or indirectly impact lipid levels and dyslipidemia.
Studies have reported that levels of serum total cholesterol, HDL-cholesterol, and LDL
cholesterol are generally lower in individuals with pulmonary TB than in healthy controls.
115,116 However, it is unclear whether lower lipid levels in individuals with TB disease are
the cause of or the result of TB. It is possible that TB-related inflammation triggers a host
response that causes LDL oxidation, thereby leading to lower levels of LDL in the serum.115
It is also possible that individuals with low levels of cholesterol are at greater risk for active
TB or TB infection, which could be due to the role of cholesterol in cellular immunity.
Specifically, low cholesterol may impair lymphocyte and macrophage function, thereby
increasing the likelihood of TB infection and progression.116 A recent study also noted an
association of low HDL with increased molecular degree of perturbation—a gene
transcription marker reflecting immunological activation—in individuals with co-morbid TB
and diabetes.11* HDL cholesterol has been shown to modulate innate and adaptive
immunity, and so decreased levels of HDL may have negative impacts on the immune
response.114

There is little information as to how TB treatment may alter serum lipid levels. A study from
West Africa found that before treatment, mean levels of total cholesterol, HDL cholesterol,
and LDL cholesterol were significantly lower in individuals with TB compared to controls.
However, after six months of TB treatment, mean total cholesterol and HDL cholesterol
levels were significantly increased, while the atherogenic index of TC/HDL-C was
significantly reduced.1” These findings suggest that TB treatment may normalize lipid
parameters in individuals with low lipid levels prior to treatment initiation. Additional
research is warranted to further assess the relationship between TB treatment, lipid levels
and risk of future cardiovascular outcomes. However, similar to the methodologic difficulties
of studies to gauge the impact of TB on hyperglycemia and diabetes incidence, study
designs to determine the causal effect of TB on risk of cardiovascular disease or
dyslipidemia will need to account for the possibility that underlying cardiovascular disease
risks may predispose patients to developing TB. Therefore, separating the direct effects of
TB from indirect effects of preexisting cardiovascular risk factors will be a major design
challenge.
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CONCLUSION

Although the knowledge base for determining the burden of post-TB NCDs is limited by a
critical lack of definitive studies, this review suggests there is sufficient epidemiologic and
biologic evidence to justify greater research emphasis on the potential negative impact of TB
on subsequent pathogenesis of diabetes, chronic pulmonary disease and cardiovascular
disease. Current study design approaches to build an improved understanding of long-term
health outcomes among patients post-TB are hindered by imprecise tools to measure NCD
incidence. Research quality on post-TB NCDs will be improved by studies that incorporate
prospective cohort designs with long follow-up time after TB to compare incidence rates of
NCD. Research related to the TB-NCD nexus are also limited by important theoretical
challenges in estimating causal effects and identifying appropriate counterfactual controls of
persons without TB. Nonetheless, the convergence of TB with NCD comorbidity, including
TB-attributable disease, will continue to burden individuals, healthcare systems, and
economic growth in low- and middle-income countries.118 Characterizing the extent to
which TB contributes to NCD incidence, and determining TB host and pathogen factors that
modify this risk, will be necessary to identify existing clinical interventions and develop new
therapies to reduce post-TB morbidity and mortality.
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Figure 1. Conceptual framework for increased risk of non-communicable disease after active
tuberculosis

Before treatment (Stage 1), TB disease results in symptoms, acute inflammation, and may
result in transient hyperglycemia. During later phases of TB disease and during TB
treatment (Stage 2), symptoms experienced during early stages may result in dyslipidemia,
respiratory impairment, and hyperglycemia. In some patients, the Stage 2 symptoms may
result in increased risk of chronic non-communicable disease after TB treatment (Stage 3).
All arrows represent non-deterministic pathways; the likelihood of variables at the heads of
arrows are hypothesized to be probabilistically increased by variables at the arrow’s tails.
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Aftab et al. (2017) FPG 6 months ———
Yan Lin et al (2017) FPG 6 months
Boillat-Blanco et al. (2016) HbAlc Not specified ——
Tabarsi et al. (2014)° HbAlc 3 months e
Oluboyo et al. (1990)1 OGTT 3 months -
Jawad et al. (1995)7 OGTT Not specified *
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“Studies that are looking at diabetes (pre-diabetes was either categorized as “no diabetes” or excluded from analyses)
'Studies that did not differentiate between newly diagnosed DM/pre-DM and previously diagnosed DM

Figure 2 legend. Several studies included in this figure differentiated between pre-diabetes and diabetes, whereas some others only looked at diabetes. Additionally, we
were not able to abstract the information on newly indicated diabetes that reverted to normal from the Tanzanian study

» indicates the proportion of newly indicated diabetes at time of TB treatment initiation who reverted to normal during TB treatment
o indicates the proportion of newly indicated pre-diabetes at time of TB treatment initiation who reverted to normal during TB treatment

Figure 2.

Patients with TB and newly indicated pre-diabetes or diabetes at time of TB treatment
initiation who reverted to normal blood glucose levels during TB treatment
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Figure 3. Hypothetical trajectories of blood glucose levels over the natural history of TB
Among patients that experience TB-induced transient hyperglycemia, it is unknown what

factors facilitate reversion to pre-TB blood glucose levels after TB treatment completion
(Trajectory type 2) and what factors increase the likelihood of remaining elevated

(Trajectory type 3) or later developing incident diabetes (Trajectory type 4).
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