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Despite a significant reduction in tuberculosis (TB) mortality over the past decade, TB remains a leading cause of death worldwide. 
Food insecurity—through pathways such as malnutrition, mental health impact, and high-risk health behaviors—affects the risk of TB 
disease, treatment failure, and mortality. We searched the literature for studies reporting on the links between food insecurity and TB. 
In contrast to the well-documented interactions between food insecurity and HIV/AIDS, we found that the association between food 
insecurity and TB remains largely understudied—this is especially true with regard to non-nutritional correlations. Mental health and 
behavioral linkages between TB and food insecurity deserve further attention. An improved understanding of the pathways through 
which food insecurity impacts TB is crucial to inform evidence-based integration of interventions such as psychological counseling, 
psychiatric care, harm reduction programs, and efforts to address social determinants of disease within current TB programs.
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Tuberculosis (TB) remains a leading cause of mortality world-
wide, killing more people in 2016 than HIV and malaria [1]. 
Many risk factors modify the clinical course of TB, including 
food insecurity. Food security is the condition in which all peo-
ple, at all times, have physical, social, and economic access to suf-
ficient safe and nutritious food that meets their dietary needs for 
a healthy life. Food insecurity is the converse of that—a lack of 
availability or access to food of sufficient quality and quantity [2].

Although the term food insecurity may invoke “hunger” or 
“malnutrition,” these terms are not synonymous. Hunger is 
the uncomfortable sensation caused by a lack of food. It may 
be a consequence of food insecurity, and it may result in mal-
nutrition over time. Malnutrition results from a diet in which 
nutrient inadequacies cause health problems, often classified by 
degree of stunting, wasting, and protein-energy malnutrition. 
Malnutrition and hunger are the most obvious sequelae of food 
insecurity, but these are just 1 part of a larger paradigm of food 
insecurity’s association with ill health. A significant proportion 
of patients with TB, especially in resource-poor settings, are 
food insecure. The African Food Security Network (AFSUN) 
2008–2009 survey of patients with HIV/TB in 11 southern 

African cities showed that only 10% of patients with TB resided 
in food-secure households [3].

Weiser et  al. have devised a conceptual framework to better 
comprehend the complex links between food insecurity and HIV/
AIDS. They identified 3 main pathways—nutritional, mental 
health, and behavioral—through which food insecurity is associ-
ated with higher risk of HIV acquisition, transmission, morbidity, 
and mortality [4]. It could be extrapolated that food insecurity also 
impacts TB through these 3 main pathways; however, a TB-specific 
framework for food insecurity has yet to be established. In this 
paper, we apply Weiser et al.’s conceptual framework as a means 
to explore and review the literature on the relationship between 
each of the proposed food insecurity pathways and TB, with the 
goals of understanding the extent of what is known about this rela-
tionship and highlighting gaps to be addressed by future research.

METHODS

We conducted a literature search, limited to the English lan-
guage, to identify studies on the relationship between food 
insecurity and tuberculosis. Six databases (PubMed, Embase, 
Web of Science Core Collection, MEDLINE, CABI, and BIOSIS 
Previews) were searched, from all years through January 2019, 
using a combination of search terms related to food insecurity, 
its various pathways (nutritional, mental health, behavioral), 
and tuberculosis (Supplementary Data).

RESULTS

Article Selection

The search resulted in 9188 publications screened; 433 pub-
lications that contained description or assessment of vari-
ous combinations of food insecurity, nutrition, mental health, 
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high-risk behavior, and TB were retrieved for abstract review. 
For full-text review, we included any paper including both the 
food security and TB terms. We otherwise prioritized original 
research articles, meta-analyses, and systematic reviews. Where 
multiple papers with similar findings existed (this was especially 
true in the area of malnutrition and TB, micronutrients and TB, 
mental health and TB, substance use and TB), we used newer 
publications in preference to older ones; for subjects for which 
there were few original research papers (eg, mental health side 
effects of TB medications), we included case reports. Using these 

criteria and screening out abstracts not encompassing topics 
of interest, a total of 123 articles, including those additionally 
mined from reference lists, were selected for full-text review. 
Finally, using the criteria above again, these were narrowed down 
to 90 articles to be included in this narrative review. Although 
briefly discussed, studies on micronutrients were excluded from 
the detailed individual discussion (Figure 1). Throughout our 
search, we found no studies that explicitly examined a relation-
ship between food insecurity and TB through mental health or 
behavioral pathways.

PubMed (n = 8981)
Search criteria: all years–Jan

2019; filter: English only 

Embase (n = 149)
Search criteria: all years–Jan

2019; filter: English only 

Publications screened (n = 9188)

Publications retrieved for abstract
review (n = 433)

Publications retrieved for full-text
review (n = 123)

Article included in final detailed review
(n = 90)

Additional articles
‘snowballed’ from

initial papers'
reference lists

(n = 30)

Web of  Science MEDLINE,
CABI, BIOSIS Previews (n = 58)

Search criteria: all years – Jan
2019; filter: English only

Excluded (n = 8755)
• Duplicates
• Titles not encompassing topic of
   interest
• Correspondence
• Editorials
• Commentaries
• Conference abstracts
• Veterinary and botanical articles
• Micronutrients

Abstracts screened out (n = 340)
• Abstracts not encompassing
  topics of  interest
• Lower-impact publications with
  higher-impact versions on similar
  topics
• Older publications with newer
  versions on similar topics

Publications not described in detail
in review  (n = 33)

• Lower-impact publications with
  higher-impact version on similar
  topics
• Older publications with newer
  versions on similar topics
• Article not found

Figure 1. Literature search strategy and overview of results.
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Food Insecurity, Nutrition, and Tuberculosis

Food insecurity can result in malnutrition in individuals with 
TB and has been widely studied. In a matched case–control 
study of patients with pulmonary TB in Ethiopia, for example, 
household food shortage was an independent risk factor for 
active pulmonary TB (odds ratio [OR], 2.38; 95% confidence 
interval [CI], 1.52–3.73) [5]. Multiple forms of malnutrition—
undernutrition, protein-energy malnutrition, micronutrient 
deficiency, and overweight/obesity—have been associated with 
TB. TB causes weight loss, and low body mass index (BMI)—a 
surrogate for undernutrition—is a risk factor for TB infection 
[6]. Historically, the disease was referred to as “consumption” 
and “phthisis” because of the severe weight loss its patients ex-
perience [7]. Physicians have also long noted that food insecu-
rity heightens the risk of developing active TB [7]. Cochrane, 
a physician and prisoner during World War II, noted how, in 
1945, the incidence of TB was higher in patients who did not 
receive sufficient amounts of food [8]. Another prisoner of war, 
Leyton, compared TB incidence among British and Russian 
prisoners during World War II; he noted that British prisoners 
had a lower TB incidence rate (1.2%) compared with Russian 
prisoners (15%–20%). Although both groups had similar types 
and amounts of manual labor, living conditions, and clothing, 
only the British prisoners received weekly Red Cross rations [9].

Significant weight loss associated with TB may also predis-
pose patients to an increased risk of treatment-related side 
effects such as hepatotoxicity [10]. In a study of adult patients 
receiving treatment for multidrug-resistant TB (MDR-TB) in 
Latvia, underweight patients (BMI < 18.5 kg/m2) were signifi-
cantly more likely to have clinical evidence of advanced disease 
and had a greater risk of experiencing ≥3 side effects (adjusted 
OR [AOR], 1.5; 95% confidence interval [CI], 1.1–2.1) and 
death (AHR, 1.9; 95% CI, 1.1–3.5) compared with patients 
who were normal or overweight [11]. In a South Korean pop-
ulation, low BMI (<18.5 kg/m2) was an independent risk fac-
tor for failure to achieve sputum culture conversion within 
3 months among patients with MDR-TB [12]. Furthermore, a 
systematic review of 6 cohort studies showed an inverse rela-
tionship between BMI and TB incidence for the BMI range 
18.5–30 kg/m2, with a 14% reduction in TB incidence for every 
unit increase in BMI [13].

In both human and animal studies, protein-energy malnutri-
tion has been associated with impaired cell-mediated immunity, 
a principal host defense against TB. Children with kwashiorkor 
have been shown to have a negative tuberculin skin test (TST) 
response after Bacillus Calmette-Guérin vaccination [14], adult 
TB patients with protein malnutrition were less likely to be 
TST-positive after tuberculin testing [15], and mice with pro-
tein calorie malnutrition rapidly succumbed to infection with 
Mycobacterium tuberculosis compared with well-nourished 
controls, whereas restoration of a full-protein diet reversed this 
susceptibility to infection [16].

Micronutrient deficiencies are prevalent in populations with 
TB [17–23]. The literature describing the association between 
these deficiencies and TB is mostly observational and therefore 
cannot confirm the directionality of the relationship; only stud-
ies on vitamin D deficiency have been sufficiently rigorous to 
suggest it as a risk factor for TB infection. A  2016 Cochrane 
review on macronutrient and micronutrient supplementation, 
including vitamin D, was inconclusive as to whether it had a 
positive benefit on TB outcomes [24].

Food insecurity is often thought of only in relationship to 
underweight, but it has importantly been associated with dia-
betes mellitus (DM) in some populations [25], which in turn 
is associated with a 3-fold increased risk of TB [25]. A system-
atic review of 13 observational studies (n = 1 786 212 partici-
pants) with 17 698 TB cases found that, irrespective of study 
design and population, DM increased risk of TB (relative risk 
[RR],  3.11; 95% CI, 2.27–4.26) [26]. Although the negative 
impacts of undernutrition in TB are undisputed, the impacts of 
being overweight and obese—which are associated with DM—
remain less clear cut. Some studies have shown that overweight 
and obesity are protective, whereas others have demonstrated 
an opposite association. For instance, a large study in a rural 
Chinese population found a positive association between ele-
vated BMI and TB risk: BMI ≥28.0 kg/m2 was independently 
associated with interferon gamma release assay (IGRA) posi-
tivity (AOR, 1.17; 95% CI, 1.04–1.33) [27]. Conversely, a large 
prospective study in TB household contacts in Peru found that 
overweight (BMI > 25 kg/m2) household contacts had lower risk 
of developing pulmonary TB disease (hazard ratio [HR], 0.48; 
95% CI, 0.37–0.64) than those with normal BMI (BMI ≥ 18.5–
25kg/m2) [28].

It remains unclear (and largely unstudied) whether and ex-
actly how food insecurity may be part of the association be-
tween TB and DM, warranting more research in this area, 
especially as the incidence of DM continues to rise at alarming 
rates in high–TB prevalence settings.

Food Insecurity, Mental Health, and Tuberculosis

An association between various aspects of food insecurity and 
mental health disorders is well established. A global analysis of 
149 countries found that there was a dose–response association 
between food insecurity and poor mental health, indepen-
dent of socioeconomic status [29]. In Latin America and the 
Caribbean, cumulative life exposure to hunger was associated 
with high rates of depression in women (OR, 2.23; 95% CI, 
1.77–2.82) [30]. In India and South Africa, a survey of 1300 
households showed that the number of missed meals due to 
lack of resources increased depression in adults [31], whereas 
in Tanzania, a cross-sectional study of 449 female caretakers 
found that food insecurity among these women was signifi-
cantly associated with anxiety and depression [32]. In a study of 
2494 Indian women, the presence of a common mental disorder 
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(depression and anxiety) was associated with experience of 
hunger in the past 3 months (OR, 2.7; 95% CI, 1.6–4.6) [33]. 
In Afghanistan, 1 study of 1172 women found an independent 
association between food shortage experience and post-trau-
matic stress disorder (PTSD), irrespective of traumatic events 
experienced during armed conflict (OR 1.86, 95% CI, 1.07–
2.23) [34]. A systematic review of qualitative and quantitative 
studies on the linkages between food insecurity and mental 
health in low-income settings found that food insecurity was 
associated with stress, shame, anxiety, and depression [35], and 
another systematic review assessing longitudinal relationships 
between food insecurity and poor mental health confirmed a 
bidirectional association [36].

Poor mental health has also been proposed as a risk factor for 
TB [37]; however, there is a paucity of studies specifically inves-
tigating the impact of mental illness on incident TB. One such 
study is a Korean nationwide population-based cohort of 32 372 
individuals with depression, which demonstrated a dose–re-
sponse relationship between baseline depression and incident 
TB risk (HR, 2.63; 95% CI, 1.74–3.96). The authors hypoth-
esized that the association was due to a reduction in cellular 
immunity (known to be associated with depression), as well as 
malnutrition, smoking, and alcohol abuse [38]. A  number of 
studies have suggested that TB-associated stigma, which can 
give rise to internalized feelings of shame, disgust, and guilt in 
patients with TB [39], may contribute to depression [40], TB di-
agnosis and treatment delays, and TB treatment nonadherence 
[41–44]. One study on the impact of TB-associated stigma and 
depressive symptoms on medication adherence in TB patients 
in central China revealed that patients with medium (OR, 
1.54; 95% CI, 1.08–2.21) or high (OR, 5.32; 95% CI, 3.34–8.46) 
self-perceived stigma or patients with mild (OR, 1.92; 95% CI, 
1.34–2.75) or severe (OR, 3.67; 95% CI, 2.04–6.61) depressive 
symptoms had a higher likelihood of having low adherence than 
those with low stigma or without depressive symptoms [45].

Conversely, it has been proposed that M.  tuberculosis in-
fection and/or disease reactivation may precipitate depression 
as a result of the inflammatory response and/or dysregulation 
of the hypothalamic–pituitary–adrenal axis [37]. Finally, TB 
patients on therapy may experience adverse psychiatric events. 
Specifically, neuropsychiatric disturbances (ranging from mild 
behavioral disturbances to frank psychosis) have been re-
ported with the firstline agent isoniazid [46–48] and with the 
second-line agents ethionamide [48, 49] and cycloserine [50], 
adding to the complexity of the association.

Several studies have shown high prevalence of comorbid 
mental illness and TB. In different regions of the world, depres-
sion [51–55], anxiety [51, 53, 55], somatoform symptoms [51], 
and PTSD [56] are significantly prevalent in patients with TB.

TB patients with untreated mental health disorders are more 
likely to have suboptimal adherence to treatment [42], with a 
snowball effect on increased drug resistance [57], treatment 

failure, and, eventually, mortality [58]. Among 23 TB patients 
in Northern Russia who presented late for care, hopelessness 
was found to be a major contributor to delayed TB diagnosis 
[59], which may result in poor outcomes. A retrospective study 
of all patients involuntarily detained for TB treatment in New 
York City from 2002 to 2009 found that mental illness (OR, 
5.80; 95% CI, 1.18–28.51) and substance abuse (OR, 9.25; 95% 
CI, 2.81–30.39) were some of the strongest independent predic-
tors of likelihood of delayed completion of TB treatment due to 
nonadherence [60]. In Ethiopia, untreated depression was inde-
pendently associated with TB treatment interruption (adjusted 
RR [ARR], 9.09; 95% CI, 6.72–12.30) and death (ARR, 2.99; 
95% CI, 1.54–5.78) [61]. A retrospective study of 671 patients 
with MDR TB in Peru found that having a psychiatric disorder 
(depression being the most common in this cohort) predicted 
death after treatment loss to follow-up [62], and another pro-
spective study from the same country showed that comorbid 
TB and depression are significantly associated with poor out-
comes, including poor treatment adherence and mortality, 
when compared with TB without depression (HR, 3.54; 95% CI, 
1.43–8.75) [63].

Despite this plethora of studies demonstrating a strong as-
sociation between food insecurity and mental health, and sep-
arately between mental health and TB, we found no studies 
exploring the possible relationships between TB and food inse-
curity through a pathway of mental health.

Food Insecurity, Health-Related Behavior, Substance Use, and Tuberculosis

Food insecurity places individuals and families in a precarious 
situation that can influence their decision-making and toler-
ance of risk, which can have important health implications. 
An analysis of the 1999 National Survey of America’s Families 
(NSAF) revealed that food insecurity was independently asso-
ciated with postponing needed medical care (AOR, 1.74; 95% 
CI, 1.38–2.21), postponing medications (AOR, 2.15; 95% CI, 
1.62–2.85), increased emergency department use (AOR, 1.39; 
95% CI, 1.17–1.66), and hospitalizations (AOR, 1.42; 95% CI, 
1.09–1.85) [64].

Several studies support the concept that food insecurity neg-
atively affects treatment adherence in TB patients. Qualitative 
studies of TB patients in Southern Ethiopia and Papua New 
Guinea found that various aspects of food insecurity (eg, lack 
of adequate food, concern about daily food production and 
shortage) significantly contribute to TB treatment nonad-
herence [65, 66]. A  qualitative study in Swaziland found that 
some food-insecure patients stopped TB treatment because it 
increased their appetites when they were already food scarce 
[67]. Similarly, in a review of 44 qualitative studies on treatment 
adherence, 7 studies mentioned that the quality of food acces-
sible by patients impacted treatment adherence; in 5 of these 
studies, patients cited stopping medication or leaving the hos-
pital when they could not access food [44]. Among the factors 
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that negatively impact treatment adherence, medication side 
effects are commonly reported by patients as a reason for TB 
therapy discontinuation [68, 69]. Although concomitant food 
and medication intake might reduce some gastrointestinal side 
effects (such as nausea and vomiting) associated with many TB 
medications [70], it is generally recommended that anti-TB 
medication be taken in a fasting state [70] or with antacids in 
those with gastrointestinal upset [71], because several studies 
have shown that food significantly reduces the bioavailability of 
many firstline anti-TB medications [70, 71], which in turn may 
lead to treatment failure.

Substance use disorder has also been linked with food in-
security. Observational studies have shown illicit drug and 
excessive alcohol use to be prevalent among food-insecure indi-
viduals [72]. A  survey of 144 injection drug users in Canada 
found that they were 2.5 to 6 times more likely than non–injec-
tion drug users to report experiencing food insecurity, and the 
odds of sharing injection equipment (ie, needles, water, cook-
ers, and filters) were increased for food-insecure individuals 
[73]. In South Africa, a study investigating food insecurity and 
postpartum depression in 249 women found that food insecu-
rity was independently associated with hazardous drinking of 
alcohol, whereby each additional point on the Household Food 
Insecurity Access Scale was associated with a 4% increased risk 
of hazardous drinking (ARR, 1.04; 95% CI, 1.00–1.09) [74]. 
Another study of 2172 individuals in the same country showed 
that poverty-related stressors including insufficient food were 
associated with alcohol and drug use [75].

In turn, alcohol and intravenous drug use have strong asso-
ciations with primary and active TB, respectively. People with 
alcohol use disorder have reduced numbers and impaired 
function of lymphocytes and macrophages, which are needed 
to combat M. tuberculosis [72]. In a cohort of individuals with 
alcohol use disorders who were followed prospectively for 
8 years, the TB incidence was 464/100 000 person-years, which 
was 9 times the age-matched incidence among the general pop-
ulation in New York [76]. Similarly, Lonroth et al. showed that 
consumption of more than 40 g/d of alcohol or a diagnosis of 
alcohol use disorder was associated with a nearly 3-fold higher 
risk of tuberculosis (RR, 2.94; 95% CI, 1.89–4.59) compared 
with no alcohol consumption or alcohol consumption below 
the specified thresholds [77]. Subsequently, Rehm et  al. esti-
mated that 10% of active TB cases globally were attributable 
to alcohol use (>40 g/d) or alcohol use disorder [72]. A more 
recent meta-analysis supported these findings, showing that 
alcohol use (RR, 1.35; 95% CI, 1.09–1.68) and alcohol-related 
problems (RR, 3.33; 95% CI, 2.14–5.19), were associated with 
increased risk of TB in a dose–response fashion, and that al-
cohol use caused 22.02 incident TB cases (95% CI, 19.70–40.77) 
per 100 000 people in 2014 [78].

Illicit drug use, intravenous or otherwise, increases the risk 
of latent and active TB. This increased risk may occur through 

increased exposure to TB via the environment, through high-
risk behavior, the direct effect of drugs (opiates in particular) on 
the immune system, or through HIV-induced immunosuppres-
sion [79]. A  national surveillance data analysis of 2826 HIV/
TB cases in Spain found injection drug use to be an indepen-
dent predictor of TB among people with AIDS (OR, 1.4; 95% 
CI, 1.2–1.6) [80], whereas another multinational study of 7838 
AIDS cases found that injection drug use, and not CD4+ count, 
predicted risk for TB among patients with CD4+ counts ≥300 
cells/μL (OR, 2.12; 95% CI, 1.07–4.21) [81].

Substance use has been shown to be highly prevalent in cer-
tain TB populations; a large cross-sectional study of 153 268 TB 
patients conducted in the United States found that the preva-
lence of substance abuse—self-reported excess alcohol intake, 
injection, or no-injection drug use 1 year before the diagnosis of 
TB—was 18.7%, and that positive sputum smear was positively 
associated with substance abuse (OR, 1.8; 99% CI, 1.7–1.9) 
[82]. In Mexico, a study of 1020 people who inject drugs found 
that the high prevalence of latent TB (67%) among this popu-
lation was associated with increasing years of injection (AOR, 
1.20/5 years; 95% CI, 1.07–1.34) [83].

An association also exists between smoking tobacco and TB. 
A  study examining the relationship between food insecurity 
and smoking in Nepal showed that smoking was independ-
ently associated with higher household food insecurity than not 
smoking [84]. Similarly, in the United States, smoking preva-
lence was higher among low-income families who were food 
insecure compared with low-income families who were food se-
cure [85]. A recent study of 4563 adults showed that developing 
food insecurity was independently associated with lower like-
lihood of stopping smoking among smokers (AOR, 0.66; 95% 
CI, 0.46–0.94) and with higher likelihood of starting smoking 
among nonsmokers (AOR, 3.77; 95% CI, 1.25–11.32) [86].

Several systemic reviews have demonstrated that smoking 
increases the risk of TB infection and disease [87–89]. A  re-
cent study using data from the National Health and Nutrition 
Examination Survey (NHANES) found that current smoking 
was associated with latent TB infection (AOR, 2.31; 95% CI, 
1.17– 4.55) [90], and a China-based study of 210 008 individu-
als showed a positive association between smoking history and 
TB infection (OR, 1.34; 95% CI, 1.21–1.49), with a significant 
dose–response relationship between duration of smoking and 
Quantiferon-TB Gold positivity [91]. A meta-analysis by Patra 
et al. found that while BMI <18.5 kg/m2, tobacco smoking, al-
cohol use, and type 2 diabetes each individually increased the 
risk of active TB, their compound effect tripled or quadrupled 
this risk [92].

Studies have shown that individuals with substance use 
disorders present late for TB treatment [93, 94] and have dif-
ficulty adhering to TB treatment [44, 95], thereby increasing 
their risk of treatment failure [72], drug resistance [72], and 
mortality. For instance, in a study of 96 South African patients, 
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illicit marijuana or mandrax (a sedative) use during treatment 
was the strongest risk factor for failure to complete treatment 
for MDR-TB (AOR, 17.9; 95% CI, 4.7–68.5) [96], and in Peru, 
substance use (HR, 2.96; 95% CI, 1.56–5.62) was significantly 
associated with treatment loss to follow-up among 671 patients 
with MDR-TB [62]. Similar findings were seen in Brazil, where 
alcoholism (OR, 2.94; 95% CI, 1.08–7.99) and substance use 
disorder (OR, 12.25; 95% CI, 3.04–49.26) were significantly 
associated with loss to follow-up from TB treatment [97]. In 
Poland, a study of 2025 TB patients from 2001–2010 found that 
alcohol abuse increased the rate of unsuccessful TB treatment 
by 84% (AOR, 1.84; 95% CI, 1.26–2.68) [98]. In a large study of 
16 345 TB patients undergoing therapy for active TB in Hong 
Kong from 2001–2003, smoking was associated with more 
extensive lung disease, poor treatment outcomes (AOR, 0.72; 
95% CI, 0.64–0.82 for treatment success), and higher relapse 
risk (AHR, 1.63; 95% CI, 1.29–2.06) among successful treat-
ment completers [99]. Notably, smoking accounted for 16.7% 
of unsuccessful treatment outcomes in this study, with the key 
contributor being loss to follow-up in current smokers and 
death in ex-smokers [99].

With regards to mortality among those with TB, a large case–
control study of 43 000 adult male deaths and 35 000 controls 
in India found that smokers had a 4-fold increase in risk of 
death from TB compared with nonsmokers [100], whereas a 
recent meta-analysis showed that alcohol consumption caused 
2.35 deaths (95% CI, 2.05–4.79) per 100 000 people from tu-
berculosis in 2014 (78). Another study of 715 TB patients in 
Iran found that drug use (opium is the most common drug used 
in this part of Iran; AOR, 7.8; 95% CI, 2.4–5.5) and smoking 
(AOR, 12.9; 95% CI, 3.9–27.3) were major risk factors for death 
in TB patients (101). Similarly, substance use disorder was an 
independent predictor of poor survival (AHR, 3.79; 95% CI, 
2.07–6.93) in a study of 426 patients with drug-resistant TB in 
Malaysia [102].

Despite the clear associations between food insecurity and 
high-risk behavior, and between certain high-risk behaviors—
especially substance use—and TB, we did not find studies more 
deeply exploring the potential association of food insecurity 
and TB through the lens of behavioral health.

Interventions to Palliate Food Insecurity in the TB Population

The bidirectional relationship between nutritional deficien-
cies and TB infection, disease progression, and poor treatment 
outcomes suggests that food supplements may be of value in 
curtailing TB-associated morbidity and mortality [103]. A 2016 
Cochrane systematic review and meta-analysis of nutritional 
supplements, however, suggested that there was insufficient 
evidence to support this approach for the improvement of TB 
outcomes [24]. Social protection programs have also been of in-
terest, given the exorbitant socioeconomic costs associated with 
TB disease and treatment. Associated social isolation, reduced 

income, and increased expenditure can take a toll on entire 
households and negatively impact TB control via delayed di-
agnosis and treatment initiation, as well as subpar adherence to 
and completion of treatment [104].

Several studies have shown a positive impact of social inter-
ventions such as food assistance and cash transfers on anti-TB 
treatment adherence and completion, as well as alleviation of 
food insecurity. A  literature review of 10 studies examining 
the impact of food assistance on TB treatment adherence and 
completion found that in the majority of cases, food provision 
improved adherence and treatment completion [105]. In Haiti, 
patients with TB who were given financial aid and incentives to 
attend clinics in addition to free medical care had lower rates 
of persistent pulmonary symptoms and mortality and higher 
rates of cure and resumptions of prior livelihood compared 
with those who only received free medical care [106]. Similarly, 
a study in homeless Russian patients with TB disease found 
that food provision resulted in higher treatment adherence and 
completion rates [107]. In Singapore, a grocery voucher incen-
tive scheme for low-income TB patients on directly observed 
therapy resulted in statistically significantly higher treatment 
completion rates compared with those of patients not receiving 
vouchers [108]. A review of cash transfer schemes in the TB pa-
tient population suggested a positive impact on household food 
security and improved health care access, but no effect on adult 
malnutrition [109]. However, in Timor-Leste, in a randomized 
controlled trial of patients with TB receiving either nutritious 
and culturally appropriate meals or nutritional advice alone, 
food supplementation did not improve treatment adherence or 
outcomes [110]. A recent meta-analysis found some evidence 
that cash transfer interventions improve treatment outcomes in 
patients with active pulmonary tuberculosis in low- and mid-
dle-income countries, although the overall quality of the evi-
dence in terms of research study design was low [111].

DISCUSSION

Globally, 821 million people suffer from chronic food depriva-
tion, and the situation has been worsening in South America 
and in most regions of the African continent [112]. Food inse-
curity has a substantial impact on health for populations; in the 
United States, for example, 1 study estimated the health-related 
costs of food insecurity to be US$160 billion [113]. Meanwhile, 
TB continues to be a major cause of morbidity and mortality 
globally, and its association with access to food and nutrition 
has been acknowledged for a long time [7–9].

In this narrative review of the literature, we found that 
while the relationship between the nutritional pathway of food 
insecurity—specifically undernutrition—and TB has been 
well studied, other potential pathways through which food 
insecurity may impact TB risk and TB outcomes have largely 
been under-researched. As a consequence of the well-defined 
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bidirectional link between food insecurity, undernutrition, and 
TB, the World Health Organization’s End TB Strategy recom-
mends assessment of nutritional status and dietary counsel-
ing for patients with TB [114] and has compiled TB-specific 
nutritional care guidelines [115]. Similarly, many TB programs 
incorporate nutritional supplementation and/or food incentives 
to not only improve nutritional status but also improve treat-
ment adherence and completion. It remains unclear, however, if 
food assistance alone is sufficient to solve the problem of food 
insecurity that often coexists with TB, perhaps because provid-
ing food is a temporary solution to a more profound problem. 
For example, Garg et  al. demonstrated that baseline maternal 
depression in low-income families was significantly associated 
with continued household food insecurity even after receiv-
ing supplemental nutrition assistance [116]. In select studies, 
social protection interventions such as cash transfers, food 
vouchers, and microfinance schemes have been shown to be an 
effective short-term intervention to improve treatment adher-
ence and completion in TB treatment; however, longitudinal 
interventional studies are required to demonstrate the long-
term impact of these interventions on both food insecurity and 
TB-associated mortality.

Beyond malnutrition, food insecurity has several other 
downstream health consequences, including mental health 
disruption and high-risk health behaviors. We have shown 
that although food insecurity and TB are each independently 
associated with poor mental health, mental illness as an inter-
mediary in the relationship between food insecurity and TB is 
poorly described. There is a similar dearth of research on how 
food insecurity may be linked to TB disease and outcomes 
through high-risk health behavior and substance use. This is in 
stark contrast to the well-researched association between food 
insecurity and HIV/AIDS. Food insecurity has been shown to 
increase the risk of HIV transmission. In people living with 
HIV/AIDS, food insecurity has been associated with poorer 
adherence to antiretroviral therapy (ART), impaired viral sup-
pression, higher rates of unprotected sex [117], lower CD4 
count [118], higher incidence of opportunistic infections [119], 
and increased mortality [120]. Food insecurity has also been 
associated with depression and poor mental health in people 
living with HIV/AIDS, which in turn are associated with higher 
risk of HIV transmission and lower rates of ART use and adher-
ence [121]. We hypothesize that food insecurity is part of a neg-
ative cycle within households that leads to increased TB disease 
and poor outcomes through nutritional, mental health, and 
behavioral pathways. In their work, Weiser et al. highlight that 
such pathways for food insecurity may have immunological or 
inflammatory mediators [4, 122].

Furthermore, just as food insecurity resulting in undernutri-
tion is associated with higher risk of TB disease and poor out-
comes [6, 11, 12, 123], TB (and other forms of ill-health) may 
worsen household food insecurity, particularly by rendering the 

patient unable to contribute the household finances. A 2014 sys-
tematic review found that on average 60% of the financial cost 
of TB in low- and middle-income countries comes from income 
loss, with only 20% from medical costs [124]. In the review, the 
authors found that patients often must cover health care and 
transportation costs, even in countries with free TB care. For 
some patients, these costs may plunge a household into abject 
poverty, which in turn predisposes the household members to 
poor mental health and high-risk behavior for survival’s sake.

Finally, it is also important to note that the stigma associ-
ated with substance use in patients with TB might contribute 
to even poorer outcomes because it may discourage patients 
with substance use disorder to seek treatment, may cause re-
luctance in resource allocation by policy-makers, and may dis-
suade primary care providers to screen for and treat substance 
use disorder [125]. However, despite the challenges, successful 
co-treatment of TB and substance use has been documented in 
several studies [126–128], and substance use should not pre-
clude access to TB treatment.

Limitations

Our intention to perform a meta-analysis was limited by the 
paucity of high-quality studies. Of the 90 studies included 
in this review, there were only 12 systematic reviews and/or 
meta-analyses and no randomized control trials. The remain-
der of the studies consisted of cohort retrospective and pro-
spective, cross-sectional, case–control, and narrative reviews, 
the majority of which pertained to the nutritional pathway and 
independent associations between mental health, high-risk 
behavior, and TB; none linked food security through mental 
health or high-risk behaviors as a risk factor for TB infection, 
disease, or poor outcomes.

CONCLUSIONS

Food insecurity is associated with TB. Through a malnutrition 
pathway, it has a bidirectional relationship, which increases the 
risk of progression from latent to active disease, may contrib-
ute to incident TB disease, and may result in suboptimal adher-
ence to treatment and consequent poor outcomes. However, 
food insecurity is more than malnutrition and has been 
demonstrated to have multiple pathways to ill health, many of 
which also have linkages to TB. This review shows a paucity of 
research on how non-nutritional pathways may link food inse-
curity and TB, as well as a need for further quantification and 
exploration of these relationships, specifically mental health 
and behavioral pathways and their mediators. Longitudinal 
studies are required to assess the extent and relative impor-
tance of causative pathways in the relationship, to explore the 
current conceptual model, to understand the directions and 
mechanisms of the pathways, and to design and test interven-
tions to interrupt negative interactions and improve outcomes 
and reduce TB incidence.
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