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Abstract 

Background The global burden of tuberculosis (TB) and cardiovascular disease (CVD) is overt, and the prevalence 
of this double burden disease remains steadily rising, particularly in low- and middle-income countries. This review 
aims to explore the association between latent tuberculosis infection (LTBI) and the development of cardiovascular 
diseases and risk factors. Furthermore, we elucidated the underlying pathophysiological mechanisms that contribute 
to this relationship.

Main body Approximately 25% of the global population carries a dormant form of tuberculosis (TB) infection. Dur-
ing this latent stage, certain subsets of mycobacteria actively reproduce, and recent research suggests that latent TB 
infection (LTBI) is connected to persistent, long-term low-grade inflammation that can potentially contribute to the 
development of atherosclerosis and cardiovascular disease (CVD). The presence of LTBI can be confirmed through 
a positive result on either a tuberculin skin test (TST) or an interferon-gamma release assay (IGRA). Several plausible 
explanations for the association between LTBI and CVD include increased inflammation, autoimmunity related to heat 
shock proteins (HSP), and the presence of pathogens within the developing atherosclerotic plaque. The most com-
monly observed cardiovascular events and risk factors associated with LTBI are acute myocardial infarction, coronary 
artery stenosis, diabetes mellitus, and hypertension.

Conclusions This article highlights the critical role of LTBI in perpetuating the tuberculosis disease cycle and its asso-
ciation with cardiovascular risk factors. Chronic and persistent low inflammation underlined the association. Identify-
ing high-risk LTBI patients and providing targeted preventive medication are crucial strategies for global TB eradica-
tion and interrupting transmission chains.
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Background
Latent tuberculosis (LTBI) affects around one-fourth 
of the world’s population, and 10 million individuals 
develop TB every year [1, 2]. The two main infectious and 
noninfectious causes of mortality worldwide are tubercu-
losis and cardiovascular disease (CVD), respectively [3]. 
Recent research has shown that people with a history of 
TB have an increased risk of acute coronary syndrome 
[4, 5], myocardial infarction [6], ischemic strokes [7], and 
peripheral arterial disease [5], demonstrating that the 
effects of these two diseases  are interrelated. Addition-
ally, long-term CVD mortality is more likely to occur in 
TB patients [8, 9].

The recognition of latent tuberculosis infection (LTBI) 
as a condition with various host–pathogen interactions, 
including the possibility of intermittent mycobacterial 
replication and dynamic immune responses, is grow-
ing [10–12]. Previous research has demonstrated that 
individuals with LTBI exhibit higher levels of immune 
activation markers compared to those without LTBI [13, 
14]. The increased immune activation in individuals with 
LTBI may elevate their susceptibility to developing ath-
erosclerotic cardiovascular disease (CVD), as immune 
activation has been shown to contribute to atheroscle-
rosis development [15]. In this review, our objective was 
to provide an updated understanding of the association 
between LTBI and cardiovascular risk factors and mani-
festations. Furthermore, we aimed to comprehensively 
elucidate the underlying pathomechanism that connects 
these two conditions.

Main text
Literature searching
We conducted a literature search, using the PubMed 
(Medline) database. We combined both MeSH and free 
words terms for identifying relevant articles. We also 
screened reference lists of published reviews to identify 
additional relevant studies. Details on the search strategy 
are presented in Table 1.

After screening and selection of the full papers, we 
reached 7 articles that were eligibly included in this lit-
erature review (Table 2).

Definition and diagnosis of LTBI
Classically, LTBI was defined as detectable immune 
sensitization to Mycobacterium tuberculosis (Mtb) in 
the absence of symptoms such as fever, chills, night 
sweats, weight loss, cough, hemoptysis, or a new opac-
ity on a chest radiograph that indicates current disease. 
A positive result of either a tuberculin skin test (TST) 
or an interferon-gamma release assay (IGRA) indicates 
LTBI. This measurement, however, does not address 
the latent foci’s length and activity, which differ from 

person to person depending on timing and host- and 
pathogen-specific characteristics [16]. LTBI is identi-
fied if a host has been exposed to Mtb, and a primary 
infection has been established. In particular, host age, 
immunological state, and interaction with the index 
case, including infectiousness and exposure, have a 
substantial impact on the outcome of LTBI [16].

The two currently accepted methods for LTBI screen-
ing in Mtb-exposed individuals are TST and IGRA. 
However, local inflammation may also be shown radio-
graphically or pathologically 5–7 weeks after exposure 
[16]. TST or IGRA findings indicate Mtb infection. 
Patients first undergo screening for classic symptoms 
and signs of disease by a thorough history and physical 
examination in order to determine contacts of TB cases 
for LTBI. A chest radiograph and sputum swab for acid-
fast bacilli are then necessary if the clinical suspicion is 
high enough to rule out an active disease.

In areas with high TB prevalence or in high-risk pop-
ulations (such as those with HIV infection), more sen-
sitive tests (such as sputum culture on liquid mercury 
or nucleic acid amplification tests like the XpertMtb/
RIF®) may be required to completely rule out an active 
disease. This is important because the person who was 
previously categorized as having long-term lung injury 
(LTBI) but later found to have a positive sputum culture 
should now be classed as having an asymptomatic con-
dition, which is sometimes referred to as a "subclinical" 

Table 1 Literature searching on LTBI and cardiovascular 
manifestations

Search Query Results

#5 Search: #1 OR #2 OR 
#3 OR #4 NOT animal

31

#4 Search: (latent 
tuberculosis [Title/
Abstract]) AND 
(coronary heart 
disease[Title/
Abstract])

1

#3 Search: (latent 
tuberculosis [Title/
Abstract]) AND (myo-
cardial infarction[Title/
Abstract])

6

#2 Search: (latent 
tuberculosis [Title/
Abstract]) AND 
(atherosclerosis[Title/
Abstract])

4

#1 Search: (latent 
tuberculosis [Title/
Abstract]) AND 
(cardiovascular[Title/
Abstract])

26
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sickness. Patients who are immunocompromised, old, 
or toddlers are frequently misclassified according to 
existing classifications and testing protocols [16].

The natural history of TB
LTBI refers to a tuberculosis infection that remains dor-
mant and does not progress into an active disease or 
show any clinical symptoms [17, 18]. The global preva-
lence of LTBI is currently unknown due to a lack of relia-
ble data; however, it is estimated to affect more than 33% 
of the world’s population [1, 19–21]. Contrary to previous 
beliefs, LTBI is characterized by ongoing mycobacterial 
replication and a sustained level of immune activation. 
Recent research has demonstrated that individuals with 
LTBI exhibit consistent activation of monocytes and lym-
phocytes, which is not observed in healthy individuals 
[10]. This persistent state of immunological activation 
may contribute to the development of atherosclerosis and 
ischemic heart disease [22].

TB is mainly a lung condition. When exposed to a sin-
gle droplet with 1–3 tubercle bacilli in the size range of 
2–5  m, the terminal bronchioles or alveoli get infected. 
Experimental findings indicate that to successfully cause 
infection, 10–50 infectious units must be breathed [23]. 
The pathologic indication of original infection in humans 
is a solitary small tubercle, which shows that an infec-
tion was started by a solitary infectious droplet [24]. 
This observation calls into question whether the onset of 
infection results in the activation of a defense mechanism 
that precludes the establishment of additional infectious 
foci. According to experimental Mtb infection models, 
there is a three-day wait after the initial exposure before 
bacilli proliferation starts. 19–20  days pass before the 
19–20 days of replication are terminated by the forming 
adaptive immune response. Genetics may have an impact 
on protective immunity because it appears to develop 
fairly differently in each host [16].

The majority of TB cases develop within the first two 
years of infection, and Mtb exposure frequently results 
in LTBI, which has a lifetime risk of 5–10% of developing 
into active tuberculosis [16]. Most of the time, primary 
infection is accompanied by brief, ignorable minor symp-
toms that hesitate people to seek medical treatment. 
Most initial infection cases are self-limited. However, 
after primary TB, there can be signs of spread to com-
mon locations for delayed reactivation To maintain TB 
prevalence in the community at a steady state, each TB 
case must infect 20 contacts, resulting in a ratio of 1:20 
(pulmonary TB index case: Mtb-exposed contacts) [16]. 
A recent analysis revealed that each TB index case trans-
mits 3—6 contacts [16].

Evidence showed that bacterial replication occurs in 
LTBI. This is supported by the well-established evidence 

of the effectiveness of treatment that significantly reduces 
the progression from LTBI as an active TB disease. 
Firstly, isoniazid (INH), an inhibitor of cell membrane 
synthesis, is the most often used medication for the 
chemoprevention of LTBI. Cell membrane synthesis can 
only take place, while an organism is actively replicating 
[16]. Secondly, although there is minimal induction in 
hypoxic environments, early secreted antigenic target of 
6 kDa (ESAT-6) protein and culture filtrate protein (CFP-
10)—which are employed to stimulate interferon-gamma 
(IFN-γ ) production for IGRA testing—are released dur-
ing vigorous bacterial replication [25]. Lastly, conditions 
of acquired immune suppression including HIV infection 
and treatment with tumor necrosing factorα (TNF-α) 
inhibitors significantly raised the likelihood of TB reac-
tivation, further showing that certain latent foci contain 
viable Mtb. It is still uncertain how many "latent" Mtb 
foci are active and how immunosuppression affects the 
activity. TST and IGRA may be incorrectly negative in 
cases of immunosuppression or active TB disease, may 
revert to negative following LTBI therapy, or if the initial 
infection happened in the distant past, thus obscuring 
the present definition of LTBI [16].

The normal course of illnesses may start when a suscepti-
ble host is exposed to an infectious case of pulmonary TB. 
The presence of acid-fast bacilli, bacillary load, and TB infec-
tiousness has all been linked in a previous study. Compared 
to pulmonary TB patients with negative smears, those with 
positive sputum smears are more likely to develop cavitary 
lung lesions with caseous necrosis, which allows for extracel-
lular reproduction and raises the bacterial burden. They also 
cough more forcefully and frequently, which produces more 
infectious aerosols, the infectious molecule that transmits 
Mtb [26].

The primary lung lesion is the Ghon complex, which is 
frequently isolated and next to larger bronchopulmonary 
lymph nodes. Even while lymphadenitis is frequently not 
seen clinically, post-mortem research revealed that caseous 
necrosis is more advanced in the surrounding lymph nodes 
than in the lung. The size, metabolic activity, and type of the 
infectious focus (lymph node vs. parenchymal involvement) 
may all affect how quickly an LTBI develops into an active 
TB. Patients with positive smears for cavitary pulmonary TB 
vary in their level of infectiousness, and some may be "super-
spreaders." Superspreaders could have the highest bacte-
rial counts as well as the worst and longest-lasting coughs. 
According to a prior study, TB patients’ cough intensity is a 
reliable predictor of high transmission [27].

Pathomechanisms between LTBI and cardiovascular risk 
factors and events
Recent epidemiologic research has shown that even years 
after TB recovery, persons who have the disease have 
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a higher risk of acquiring CVD than those who do not. 
These results suggest that TB may play a role in the devel-
opment of CVD. A previous study reported that after 
adjusting for a 10-year cardiovascular risk score, HIV 
status, and recruitment location, LTBI was independently 
associated with a higher incidence of subclinical obstruc-
tive coronary artery disease (CAD). LTBI is an independ-
ent predictor of increased risk of atherosclerotic CVD. A 
recent meta-analysis including studies of patients with 
TB with a mean follow-up of five years reported a 1.5 
times higher risk of major  adverse cardiac events com-
pared to those without TB [9]. Additionally, compared to 
the general population, long-term all-cause mortality is 
almost three times greater in people treated with TB, and 
the majority of this death are attributable to CVD [9].

In large population-based retrospective cohort stud-
ies, tuberculosis disease has been linked to an elevated 
risk of the acute coronary syndrome, ischemic stroke, 
and peripheral artery disease. In Taiwan, people with TB 
disease had an adjusted risk of 1.4 times higher suffer-
ing from acute myocardial infarction (AMI) and unsta-
ble angina compared to those without TB [4]. Similar to 
this, other studies also showed that patients with TB had 
adjusted risks for ischemic stroke and peripheral artery 
disease of 1.5 and 3.9 times greater, respectively, than 
controls without TB [5, 7]. It is important to highlight 
that the reference population used for this research did 
not distinguish between those with and without LTBI. 
On the other hand, Huaman et  al. reported that LTBI 
was associated with an increased risk of acute myocardial 
infarction, independent of potential confounders [28].

A previous study recently reported that people with 
a history of TB disease have an almost twofold higher 
risk of developing AMI than those without prior TB 
who were matched for propensity score. Whether LTBI 
and active tuberculosis triggered CVD risk equally or 
gradually remains poorly understood [28]. Infection may 
induce  atherogenesis and acute cardiovascular events 
through different  pathways [29]. Hypothesis suggested 
that persistent immune activation is related to intermit-
tent low-level microbial reproduction, a plausible poten-
tial factor in the relationship between LTBI and AMI [6]. 
Several studies have shown that Mtb replication and met-
abolic activities continue during LTBI, which is consist-
ent with this hypothesis [10, 30].

Contrary to the previous conception that LTBI is a 
state of dormancy for mycobacteria; currently, LTBI is 
recognized as a continuous spectrum of host–pathogen 
interactions, where replicating and metabolically quiet 
mycobacterial populations coexist and are restricted 
by variable host immune responses within each granu-
loma [12, 22, 28]. Study findings have also suggested that 

persons with LTBI may have elevated levels of immune 
activation markers and proinflammatory cytokines in 
peripheral blood [28]. A potential pathogenic role for 
tuberculosis in CVD apparently presented similar mech-
anisms to those described for other pathogens that estab-
lished chronic infection and latency. This is suggested by 
the fact that monocyte/macrophages, lymphocytes, and 
cytokines involved in cell-mediated immune responses 
against Mtb are also major drivers of atherogenesis.

Additionally, according to previous findings, markers 
for immune activation and proinflammatory cytokines 
may be present in greater amounts in the periph-
eral blood of people with LTBI. For instance, LTBI was 
linked to higher serum levels of interleukin (IL)-1, IL-6, 
and IL-22 as well as tumor necrosis factor, according to 
research conducted in Norway [6]. In India, LTBI was 
linked to increased concentrations of chemoattractive 
mediators like CD14, CXCL3, CCL2, and CCL8 as well 
as monocyte/macrophage activation markers [6, 31]. In 
contrast to controls without LTBI, Huaman et al. recently 
found a slight rise in plasma interferon levels in people 
with LTBI in the USA [28, 32].

An inflammatory profile compatible with this paradigm 
was observed in a Canadian study of immune activa-
tion in patients with latent and active tuberculosis. The 
baseline circulating levels of TNF-α, IL-1, IL-4, IL-8, and 
IL-22 were all considerably higher in LTBI patients com-
pared to healthy controls with a negative tuberculin skin 
test (TST). In the LTBI group, IFN levels were similarly 
higher than in the healthy controls, while the difference 
was not statistically significant [6, 33].

The T-cell activation markers HLA-DR and CD38 were 
somewhat more expressed in CD4 + and CD8 + T cells of 
patients with LTBI than in healthy controls, according to 
Wergeland et al., although the differences were not statis-
tically significant [13]. In a study of HIV-positive patients, 
LTBI/HIV coinfection was found to have considerably 
higher CD38 expression in CD4 + and CD8 + T cells 
than in HIV monoinfection [14]. Even though these find-
ings imply that immunological activation is evident in at 
least some categories of LTBI patients, these studies have 
been constrained by small sample numbers and a lack 
of adjustment for potential confounders. More exten-
sive research is required to characterize immunological 
activation in LTBI and its possible impact on CVD. Fur-
thermore, as LTBI treatment alters T-cell responses to 
particular Mtb antigens, further study of the impact of 
LTBI treatment on immunological activation is neces-
sary. Detailed pathomechanisms on how LTBI related to 
cardiovascular disease and risk factors are described in 
Fig. 1.
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Conclusions
In conclusion, we shed light on the significant role of 
LTBI in the persistence of the disease cycle within pop-
ulations, making it a crucial reservoir for new infec-
tions and ongoing transmission of Mycobacterium 

tuberculosis. The association between LTBI and the 
manifestation of cardiovascular risk factors and events, 
emphasizing the chronic and persistent low inflamma-
tion, observed in LTBI cases. This article contributes to 

Fig. 1 Pathomechanisms on the association between LTBI and the occurrence of cardiovascular events and risk factors
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the existing literature on tuberculosis and offers valuable 
insights for global TB eradication efforts..

The findings presented in this article support the 
notion that global TB eradication strategies should not 
solely focus on active tuberculosis cases but also consider 
the identification and management of LTBI. By targeting 
LTBI patients, public health interventions can effectively 
address the reservoir of Mtb within communities and 
prevent the development of active disease, thus break-
ing the cycle of transmission. Furthermore, this review 
underscores the need for improved diagnostic tools and 
risk stratification methods to accurately identify individ-
uals with LTBI who are at the highest risk of progression. 
Such advancements in diagnostics and risk assessment 
can optimize the allocation of resources and ensure that 
preventive measures are implemented where they are 
most needed. These insights provide a foundation for 
future research, policy development, and implementation 
of effective interventions aimed at reducing the burden of 
tuberculosis worldwide.

Abbreviations
TB  Tuberculosis
CVD  Cardiovascular disease
LTBI  Latent tuberculosis infection
Mtb  Mycobacterium tuberculosis
TST  Tuberculin skin test
IGRA   Interferon-gamma release assay
HIV  Human immunodeficiency virus
IFN-γ  Interferon-gamma
ESAT-6  Early secreted antigenic target of 6 kDa protein
CFP-10  Culture filtrate protein
CAD  Coronary artery disease
AMI  Acute myocardial infarction
IL  Interleukin
TNF-α  Tumor necrosing factor-alpha

Acknowledgements
Not applicable.

Author contributions
ID and AQ made the initial conception and idea. AQ performed literature 
searching and prepared the initial manuscript. ID and MA reviewed and 
advised for critical revisions. All contributing authors approved the final draft.

Funding
The authors have not declared a specific grant from any funding agency in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Pulmonology and Respirology Medicine, Faculty of Medicine, 
Universitas Hasanuddin, Makassar 90245, Indonesia. 2 Department of Cardiol-
ogy and Vascular Medicine, Faculty of Medicine, Universitas Hasanuddin, Jl. 
Perintis Kemerdekaan Km. 10, Makassar 90245, South Sulawesi, Indonesia. 
3 Department of Physiology, Faculty of Medicine, Universitas Hasanuddin, 
Makassar 90245, Indonesia. 4 Doctoral Study Program, Faculty of Medicine, 
Universitas Hasanuddin, Makassar 90245, Indonesia. 

Received: 10 March 2023   Accepted: 20 May 2023

References
 1. Houben RMGJ, Dodd PJ (2016) The global burden of latent tuberculosis 

infection: A re-estimation using. Mathematical Modelling. https:// doi. org/ 
10. 1371/ journ al. pmed. 10021 52

 2. WHO. TB burden report 2018. vol. 63. 2018.
 3. Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N et al (2018) 

Global, regional, and national age-sex-specific mortality for 282 causes of 
death in 195 countries and territories, 1980–2017: a systematic analysis 
for the Global Burden of Disease Study 2017. The Lancet 392:1736–1788. 
https:// doi. org/ 10. 1016/ S0140- 6736(18) 32203-7

 4. Chung WS, Lin CL, Hung CT, Chu YH, Sung FC, Kao CH et al (2014) 
Tuberculosis increases the subsequent risk of acute coronary syndrome: 
A nationwide population-based cohort study. International Journal of 
Tuberculosis and Lung Disease 18:79–83. https:// doi. org/ 10. 5588/ ijtld. 13. 
0288

 5. Wang SH, Chien WC, Chung CH, Lin FH, Peng CK, Chian CF et al (2017) 
Tuberculosis increases the risk of peripheral arterial disease: A nationwide 
population-based study. Respirology 22:1670–1676. https:// doi. org/ 10. 
1111/ resp. 13117

 6. Huaman MA, Henson D, Ticona E, Sterling TR, Garvy BA (2015) Tubercu-
losis and Cardiovascular Disease: Linking the Epidemics. Trop Dis Travel 
Med Vaccines. https:// doi. org/ 10. 1186/ s40794- 015- 0014-5

 7. Sheu JJ, Chiou HY, Kang JH, Chen YH, Lin HC (2010) Tuberculosis and 
the risk of ischemic stroke: A 3-year follow-up study. Stroke 41:244–249. 
https:// doi. org/ 10. 1161/ STROK EAHA. 109. 567735

 8. Romanowski K, Baumann B, Basham CA, Ahmad Khan F, Fox GJ, Johnston 
JC (2019) Long-term all-cause mortality in people treated for tubercu-
losis: a systematic review and meta-analysis. Lancet Infect Dis 19:1129–
1137. https:// doi. org/ 10. 1016/ S1473- 3099(19) 30309-3

 9. Basham CA, Smit SJ, Romanowski K, Johnsto JC (2020) Cardiovascular 
morbidity and mortality among persons diagnosed with tuberculosis: A 
systematic review and meta-analysis. PLoS ONE 15:1–19. https:// doi. org/ 
10. 1371/ journ al. pone. 02358 21

 10. Barry CE 3rd, Boshoff HI, Dartois V, Dick T, Ehrt S, Flynn J et al (2009) The 
spectrum of latent tuberculosis: rethinking the biology and intervention 
strategies. Nat Rev Microbiol 7:845–855. https:// doi. org/ 10. 1038/ nrmic 
ro2236

 11. Drain PK, Bajema KL, Dowdy D, Dheda K, Naidoo K, Schumacher SG et al 
(2018) Incipient and Subclinical Tuberculosis: a Clinical Review of Early 
Stages and Progression of Infection. Clin Microbiol Rev. https:// doi. org/ 
10. 1128/ CMR. 00021- 18

 12. Dutta NK, Karakousis PC (2014) Latent tuberculosis infection: myths, 
models, and molecular mechanisms. Microbiol Mol Biol Rev 78:343–371. 
https:// doi. org/ 10. 1128/ MMBR. 00010- 14

 13. Wergeland I, Assmus J, Dyrhol-Riise AM (2011) T regulatory cells and 
immune activation in Mycobacterium tuberculosis infection and the 
effect of preventive therapy. Scand J Immunol 73:234–242. https:// doi. 
org/ 10. 1111/j. 1365- 3083. 2010. 02496.x

 14. Sullivan ZA, Wong EB, Ndung’u T, Kasprowicz VO, Bishai WR (2015) Latent 
and ‘h HIV. EBioMedicine 2:334–340. https:// doi. org/ 10. 1016/j. ebiom. 
2015. 03. 005

 15. Pothineni NVK, Subramany S, Kuriakose K, Shirazi LF, Romeo F, Shah PK 
et al (2017) Infections, atherosclerosis, and coronary heart disease. Eur 
Heart J 38:3195–3201. https:// doi. org/ 10. 1093/ eurhe artj/ ehx362

https://doi.org/10.1371/journal.pmed.1002152
https://doi.org/10.1371/journal.pmed.1002152
https://doi.org/10.1016/S0140-6736(18)32203-7
https://doi.org/10.5588/ijtld.13.0288
https://doi.org/10.5588/ijtld.13.0288
https://doi.org/10.1111/resp.13117
https://doi.org/10.1111/resp.13117
https://doi.org/10.1186/s40794-015-0014-5
https://doi.org/10.1161/STROKEAHA.109.567735
https://doi.org/10.1016/S1473-3099(19)30309-3
https://doi.org/10.1371/journal.pone.0235821
https://doi.org/10.1371/journal.pone.0235821
https://doi.org/10.1038/nrmicro2236
https://doi.org/10.1038/nrmicro2236
https://doi.org/10.1128/CMR.00021-18
https://doi.org/10.1128/CMR.00021-18
https://doi.org/10.1128/MMBR.00010-14
https://doi.org/10.1111/j.1365-3083.2010.02496.x
https://doi.org/10.1111/j.1365-3083.2010.02496.x
https://doi.org/10.1016/j.ebiom.2015.03.005
https://doi.org/10.1016/j.ebiom.2015.03.005
https://doi.org/10.1093/eurheartj/ehx362


Page 9 of 9Djaharuddin et al. The Egyptian Heart Journal           (2023) 75:43  

 16. Salgame P, Geadas C, Collins L, Jones-López E, Ellner JJ (2015) Latent 
tuberculosis infection - Revisiting and revising concepts. Tuberculosis 
95:373–384. https:// doi. org/ 10. 1016/j. tube. 2015. 04. 003

 17. Getahun H, Matteelli A, Chaisson RE, Raviglione M (2015) Latent Myco-
bacterium tuberculosis infection. N Engl J Med 372:2127–2135. https:// 
doi. org/ 10. 1056/ NEJMr a1405 427

 18. Organization WH. Latent tuberculosis infection: updated and consoli-
dated guidelines for programmatic management. Geneva PP - Geneva: 
World Health Organization; n.d.

 19. Corbett EL, Watt CJ, Walker N, Maher D, Williams BG, Raviglione MC et al 
(2003) The growing burden of tuberculosis: global trends and interac-
tions with the HIV epidemic. Arch Intern Med 163:1009–1021. https:// doi. 
org/ 10. 1001/ archi nte. 163.9. 1009

 20. Chee CB-E, Sester M, Zhang W, Lange C (2013) Diagnosis and treat-
ment of latent infection with Mycobacterium tuberculosis. Respirology 
18:205–216. https:// doi. org/ 10. 1111/ resp. 12002

 21. Khoufi EA (2021) Association between latent tuberculosis and ischemic 
heart disease: a hospital-based cross-sectional study from Saudi Arabia. 
Pan Afr Med J 38:362. https:// doi. org/ 10. 11604/ pamj. 2021. 38. 362. 28110

 22. Gideon HP, Phuah J, Myers AJ, Bryson BD, Rodgers MA, Coleman MT et al 
(2015) Variability in tuberculosis granuloma T cell responses exists, but 
a balance of pro- and anti-inflammatory cytokines is associated with 
sterilization. PLoS Pathog 11:e1004603. https:// doi. org/ 10. 1371/ journ al. 
ppat. 10046 03

 23. Dannenberg AMJ (1994) Roles of cytotoxic delayed-type hypersensitivity 
and macrophage-activating cell-mediated immunity in the pathogenesis 
of tuberculosis. Immunobiology 191:461–473. https:// doi. org/ 10. 1016/ 
S0171- 2985(11) 80452-3

 24. Riley RL (1957) Aerial dissemination of pulmonary tuberculosis. Am Rev 
Tuberc 76:931–941. https:// doi. org/ 10. 1164/ artpd. 1957. 76.6. 931

 25. Mack U, Migliori GB, Sester M, Rieder HL, Ehlers S, Goletti D et al (2009) 
LTBI: latent tuberculosis infection or lasting immune responses to M. 
tuberculosis? A TBNET consensus statement. Eur Respir J 33:956–973. 
https:// doi. org/ 10. 1183/ 09031 936. 00120 908

 26. Grzybowski S, Barnett GD, Styblo K (1975) Contacts of cases of active 
pulmonary tuberculosis. Bull Int Union Tuberc 50:90–106

 27. Jones-López EC, Kim S, Fregona G, Marques-Rodrigues P, Hadad DJ, 
Molina LPD et al (2014) Importance of cough and M. tuberculosis strain 
type as risks for increased transmission within households. PLoS ONE 
10:10–15. https:// doi. org/ 10. 1371/ journ al. pone. 01009 84

 28. Huaman MA, Ticona E, Miranda G, Kryscio RJ, Mugruza R, Aranda E et al 
(2018) The relationship between latent tuberculosis infection and acute 
myocardial infarction. Clin Infect Dis 66:886–892. https:// doi. org/ 10. 1093/ 
cid/ cix910

 29. Epstein SE, Zhu J, Najafi AH, Burnett MS (2009) Insights into the role of 
infection in atherogenesis and in plaque rupture. Circulation 119:3133–
3141. https:// doi. org/ 10. 1161/ CIRCU LATIO NAHA. 109. 849455

 30. Gill WP, Harik NS, Whiddon MR, Liao RP, Mittler JE, Sherman DR (2009) A 
replication clock for Mycobacterium tuberculosis. Nat Med 15:211–214. 
https:// doi. org/ 10. 1038/ nm. 1915

 31. Huaman MA, de Cecco CN, Bittencourt MS, Ticona E, Kityo C, Ballena I 
et al (2021) Latent tuberculosis infection and subclinical coronary athero-
sclerosis in Peru and Uganda. Clin Infect Dis 73:E3384–E3390. https:// doi. 
org/ 10. 1093/ cid/ ciaa1 934

 32. Huaman MA, Deepe GSJ, Fichtenbaum CJ (2016) Elevated circulating 
concentrations of interferon-gamma in latent tuberculosis infection. 
Pathog Immun 1:291–303. https:// doi. org/ 10. 20411/ pai. v1i2. 149

 33. Cowan J, Pandey S, Filion LG, Angel JB, Kumar A, Cameron DW (2012) 
Comparison of interferon-γ-, interleukin (IL)-17- and IL-22-expressing CD4 
T cells, IL-22-expressing granulocytes and proinflammatory cytokines 
during latent and active tuberculosis infection. Clin Exp Immunol 
167:317–329. https:// doi. org/ 10. 1111/j. 1365- 2249. 2011. 04520.x

 34. Alsayed-Hasanain AF, El-Maghraby KM, Zayed AA, Nafee AM, Abdel-Aal 
SM, Bakkar SM (2018) Latent tuberculosis infection among patients 
with coronary artery stenosis: a case-control study. Int J Mycobacteriol 
7:143–147. https:// doi. org/ 10. 4103/ ijmy. ijmy_ 34_ 18

 35. Erdenebat D. Latent Tuberculosis Infection and Dyslipidemia among 
Refugees Attending a Community Based Clinic in Georgia. 2018.

 36. Magee MJ, Khakharia A, Gandhi NR, Day CL, Kornfeld H, Rhee MK et al 
(2022) Increased risk of incident diabetes among individuals with latent 

tuberculosis infection. Diabetes Care 45:880–887. https:// doi. org/ 10. 
2337/ dc21- 1687

 37. Mandieka E, Saleh D, Chokshi AK, Rivera AS, Feinstein MJ (2020) Latent 
tuberculosis infection and elevated incidence of hypertension. J Am 
Heart Assoc 9:9–11. https:// doi. org/ 10. 1161/ JAHA. 120. 019144

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.tube.2015.04.003
https://doi.org/10.1056/NEJMra1405427
https://doi.org/10.1056/NEJMra1405427
https://doi.org/10.1001/archinte.163.9.1009
https://doi.org/10.1001/archinte.163.9.1009
https://doi.org/10.1111/resp.12002
https://doi.org/10.11604/pamj.2021.38.362.28110
https://doi.org/10.1371/journal.ppat.1004603
https://doi.org/10.1371/journal.ppat.1004603
https://doi.org/10.1016/S0171-2985(11)80452-3
https://doi.org/10.1016/S0171-2985(11)80452-3
https://doi.org/10.1164/artpd.1957.76.6.931
https://doi.org/10.1183/09031936.00120908
https://doi.org/10.1371/journal.pone.0100984
https://doi.org/10.1093/cid/cix910
https://doi.org/10.1093/cid/cix910
https://doi.org/10.1161/CIRCULATIONAHA.109.849455
https://doi.org/10.1038/nm.1915
https://doi.org/10.1093/cid/ciaa1934
https://doi.org/10.1093/cid/ciaa1934
https://doi.org/10.20411/pai.v1i2.149
https://doi.org/10.1111/j.1365-2249.2011.04520.x
https://doi.org/10.4103/ijmy.ijmy_34_18
https://doi.org/10.2337/dc21-1687
https://doi.org/10.2337/dc21-1687
https://doi.org/10.1161/JAHA.120.019144

	Exploring the link between cardiovascular risk factors and manifestations in latent tuberculosis infection: a comprehensive literature review
	Abstract 
	Background 
	Main body 
	Conclusions 

	Background
	Main text
	Literature searching
	Definition and diagnosis of LTBI
	The natural history of TB
	Pathomechanisms between LTBI and cardiovascular risk factors and events

	Conclusions
	Acknowledgements
	References


