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In a recent study based on informative data from the 
National Health and Nutrition Examination Survey 
of the United States of America, the use of metformin 
and statins was found to reduce the prevalence of latent 
infection due to Mycobacterium tuberculosis (Mtb) in subjects 
with diabetes mellitus (1). Furthermore, in an important 
study in Asia involving newly diagnosed diabetic patients 
without impairment of renal function, metformin use was 
independently associated with a lower risk of incident 
tuberculosis (TB) (2). In another useful study from 
the same Asian locality, the dose-dependent protective 
effect of metformin against the development of active 
TB, that appeared to wane with advancing age, was also  
demonstrated (3). A systematic review including a larger 
number of observational studies revealed a reduction of 
the risk of active TB disease but not latent TB infection 
associated with metformin use (4). The underlying 
mechanisms for these apparently beneficial effects of 
metformin in clinically modulating TB risk in global 
populations are likely complex and are not yet fully 
understood at present. It is imperative to better delineate 
these mechanisms through further research. We succinctly 
analyse the findings of two key studies (5,6), and briefly 
review other conceptual evidence to supplement the 
discussed implications of the results of these two pertinent 
studies. In doing so, we also hope to suggest research 
directions to explore the way forward in optimising the 
potential role of metformin as a host-directed therapeutic  
in TB.

A pioneer study has suggested an important contributory 

role of adenosine monophosphate-activated kinase 
signalling with increased production of mitochondrial 
reactive oxygen species (ROS) in macrophages, regarding 
the putative therapy effects of metformin against TB (5). 
ROS can kill intracellular Mtb directly by damaging DNA, 
protein and lipids or indirectly through oxidation of the 
pool of nucleotides by exploiting the Fenton reaction and 
tricarboxylic acid cycle (7). 

In a follow-up study conducted by a similar group 
of investigators, peripheral blood mononuclear cells, 
CD14+ monocytes or M1/M2 macrophages from healthy 
subjects, with or without metformin administration, were 
assessed under various experimental conditions, including 
stimulation with Mtb lysate. Summarising the results 
of this important latter study, metformin has shown an 
array of beneficial effects on the cellular metabolism, 
immune function and gene transcription in the innate host 
responses to Mtb (6). Specifically, there was significant 
downregulation of the genes associated with oxidative 
phosphorylation, mammalian target of rapamycin (mTOR) 
signalling and type 1 interferon response pathways, 
alongside upregulation of genes involved in phagocytosis 
and ROS production.

In the follow-up study, there was also a modification 
of the peripheral monocyte landscape shifting from 
classical to nonclassical cells, and a lowered production 
of some cytokines,  especial ly those with putative 
proinflammatory activities, such as tumor necrosis factor 
alpha. Overall, metformin appeared to have modulated 
the host inflammatory response (6), quite in keeping 
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with the amelioration of lung pathology and reduction 
of chronic inflammation in the Mtb infected mice treated 
with metformin in the earlier study (5). However, in this 
follow-up study, metformin use only increased the ex vivo 
mycobactericidal activity of peripheral blood mononuclear 
cells in some but not all individuals (6), thus such findings 
are not fully consistent with the much better observed 
metformin-induced killing of tubercle bacilli inside 
human macrophages in the initial pioneer experiment (5). 
It is biologically plausible that this disparity in observed 
mycobacterial lethality might depend on the balance 
between the levels of ROS and salvaging antioxidants (7).

Interestingly, in the afore-mentioned follow-up study (6),  
mTOR downregulation/inhibition suggests autophagy 
induction. Autophagy plays a positive role in modulating 
latent TB infection with cumulative insights being 
uncovered in recent years, including, for example, the 
mechanistic contribution of heat shock protein 16.3 that 
might help to maintain long-term viability of dormant Mtb 
within macrophages through hampering the function of 
phagolysosomes (8). In an observational (clinical) study, 
autophagy was shown to improve with adjunctive metformin 
use to standard antituberculosis therapy in diabetic patients 
with TB (9). Furthermore, autophagy can possibly control 
both the pathogen burden and the host inflammatory 
response (10).

Importantly, in the follow-up study (6), the downregulation 
of genes involved in oxidative phosphorylation might also 
allude to the possible modulation of oxidative stress as part 
of the underlying mechanisms of action of metformin, in 
addition to perhaps its role in direct immune activation 
as suggested in the earlier study (5). Oxidative stress is 
likely associated with mitochondrial dysfunction resulting 
in disturbance of cellular metabolism and energy status. 
Metformin was indeed found to regulate cellular metabolism 
and improve mitochondrial functionality in the follow-up 
study (6). As there is also accumulating evidence regarding 
the close link between oxidative stress and inflammatory 
process (11), the favourable effect of modulating oxidative 
stress by metformin, as alluded, is consistent with its 
observed anti-inflammatory activity regarding the host 
responses to Mtb in both studies (5,6). In addition, growing 
basis also supports oxidative stress to be the converging 
point of various conditions such as nutrient deprivation 
and infection that enlist sustained autophagy through 
intracellular signal transducing, with AMPK conspicuously 
involved. It has also been discovered that p62 protein might 
activate the antioxidant transcription factor, nuclear factor 

erythroid 2-related factor 2, with Kelch-like erythroid cell-
derived protein with CNC homology-associated protein 1 
controlling its degradation. The accumulated knowledge 
helps in understanding the crosstalk between autophagy and 
oxidative stress (12). Indeed, in the clinical study alluded 
earlier (9), the elevation of the level of superoxide dismutase, 
an important antioxidant, occurred concomitantly with the 
increase in the level of microtubule-associated protein 1 
light chain 3, a useful marker of autophagy activity.

Oxidative stress and immune dysfunction, inherent 
to the pathophysiology of diabetes mellitus and old age 
(11,13), possibly interact to increase the risks of latent 
infection due to Mtb and the development of active TB in 
these two important conditions comorbid to this globally 
prevalent infectious disease. One conceivable hypothesis, 
simplistically represented, is the increased propensity for 
formation of metabolically dormant bacillary persisters in 
the face of oxidative stress leading to latent TB infection 
that subsequently reactivates into active TB disease with 
progressive immune dysfunction of the diabetic host, 
especially in the face of ageing (13,14). Interactive cross talk 
between oxidative stress and immune function/response also 
probably exists. In the laboratory, there is now evidence that 
oxidative stress can induce the formation of Mtb persisters 
in vitro (15). Reduction of oxidative stress associated with 
metformin use has been well shown in a number of non-
TB conditions and diseases through preclinical and clinical 
studies (16). More research is apparently warranted to 
delineate the role of metformin in ameliorating oxidative 
stress, or perhaps more broadly disturbance in redox 
homeostasis, as a contributory mechanism underlying the 
beneficial effects of metformin in host-directed therapy 
against TB. If such mechanism is unequivocally confirmed 
by further research, it might be possible to additionally 
explore the combined use of metformin and other 
antioxidants such as vitamin C, with likely similar action 
mechanisms, to optimise the efficacy and tolerability of 
metformin in managing TB (17).

To conclude, while improved understanding of the 
underlying mechanism(s) of metformin as a host-directed 
therapeutic in TB associated with diabetes mellitus has been 
achieved, further research especially regarding the roles of 
autophagy induction and amelioration of oxidative stress is 
likely warranted.
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