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A B S T R A C T   

Tuberculosis (TB) is a major cause of death worldwide, with 1.5 million deaths in 2020. While TB incidence and 
mortality had previously been on a downwards trend, in 2020, TB mortality actually rose for the first time in a 
decade, largely due to the COVID-19 pandemic. Undernutrition is the leading risk factor for TB, with a popu-
lation attributable fraction (PAF) of 15%, compared to 7.6% for HIV. Individuals who are undernourished are 
more likely to develop active TB compared to those with a healthy bodyweight. They are also more likely to have 
greater severity of TB, and less likely to have successful TB treatment outcomes. The likelihood of TB mortality 
significantly increases as weight decreases. Nutritional interventions are likely to improve both nutritional status 
and TB treatment success, thereby decreasing TB mortality. However, many previous studies focusing on 
nutritional interventions have provided insufficient calories or been underpowered. Nutritional supplementation 
will be particularly important as factors such as the COVID-19 pandemic, climate change, and political conflict 
further threaten food security. The global TB elimination effort can no longer afford to ignore undernutrition.   

1. Introduction 

The End TB Strategy aims to reduce tuberculosis (TB) incidence by 
80% and TB mortality by 90% by 2030, but this approach is not meeting 
its milestones [1]. Despite a goal of reduction in TB incidence of 20% 
between 2015 and 2020, TB incidence only fell by 11% [2]. Moreover, 
while TB incidence and mortality had been on a downwards trend 
worldwide, in 2020, TB mortality actually rose from 1.4 million to 1.5 
million deaths- the first increase in 10 years, likely due to factors asso-
ciated with the COVID-19 pandemic [3]. Funding for TB also decreased 
in 2020, with an 8.7% decline in spending compared to 2019 [2]. 

While substantial progress has been made in the field of TB care in 
recent years, investments are dominated by direct costs of diagnosis and 
treatment as well as research on novel tests and treatments [4]. 
Although these are critical investments in reducing global mortality and 
morbidity related to TB, focusing research funds on innovations in 
testing and treatment risks ignoring one of the key accelerants of the TB 
pandemic: undernutrition. 

2. Metrics for undernutrition 

Macronutrient and micronutrient deficiency both play key roles in 

the immune response against TB [5–10]. Nutritional assessments can be 
performed using diverse methods including food intake assessments 
from food frequency questionnaires or dietary recalls; body composition 
measurements using anthropometry or bioelectric impedance; or 
biochemical measurement of specific nutrients [11]. However, the most 
common metric for defining undernutrition in the TB literature is the 
body mass index (BMI) (unit: weight in kilogram/height in meters2) due 
to its ease of measurement. BMI in the 17–18.5 kg/m2 range corresponds 
to mild undernutrition, a BMI of 16–16.9 kg/m2 represents moderate 
undernutrition, and BMI < 16 kg/m2 represents severe undernutrition 
[12]. BMI does not provide information regarding specific nutrient de-
ficiencies; however, individuals with low BMIs frequently have both 
macronutrient and micronutrient deficiencies. 

3. A history of nutrition and TB 

Historical events have shown the impact of undernutrition on TB 
incidence and mortality. Prior to the mid-1800s, TB was the leading 
cause of death in Europe and the United States [13]. Robert Koch would 
not discover Mycobacterium tuberculosis as the infectious agent that 
caused TB until 1882 [13] and the first effective TB drug, streptomycin, 
was not developed until 1944 [14]. However, the greatest decline in TB 
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mortality occurred in the mid-1800s to mid-1900s, prior to the devel-
opment of antimycobacterials or the Bacillus Calmette-Guérin vaccine 
[15]. Physician and historian Thomas McKeown posited that the 
decreased TB incidence and mortality in the pre-antimycobacterial era 
was largely a product of socioeconomic progress, which included better 
living conditions and increased nutrition [16]. 

Several examples that illustrate this concept have been observed in 
the past century [17]. In the Papworth Village Settlement in England, a 
social experiment played out between 1918 and 1943 [18]. After being 
discharged from a sanitorium, TB patients were provided with 
employment, nutritional supplementation, and medical monitoring. 
There was a dramatic decrease in TB disease incidence among children 
under 5 years of age who were born within the Papworth settlement as 
compared to the rate prevailing at the time in England: 0 cases vs 1,217 
cases per 100,000 person-years. These striking results demonstrated the 
benefits of social protections, including nutritional interventions, on 
decreasing TB rates [18]. 

In 1939, before the start of the Second World War, TB mortality in 
Amsterdam was approximately 35 per 100,000 (Fig. 1 [19]). The 
German army invaded the Netherlands in 1940. They left TB services 
relatively unaffected and even introduced pasteurization of milk, but 
food availability and quality declined during the occupation [20]. In 
addition to increased undernutrition, factors such as cramped living 
conditions and a transition to home treatment of TB (because of short-
ages in sanatorium beds) led to a doubling of TB mortality to 75 per 
100,000 by 1943 [19]. From September-November 1944, the German 
army blocked road and water routes, which led to disruption of TB clinic 
services as well as an acute shortage of food and fuel, particularly in 
Dutch cities [20]. The average adult caloric intake dropped to approx-
imately 1000 Kcal/day by November 1944 and further declined to 580 
Kcal/day by February 1945, despite the end of the German embargo and 
airdrop of rations from the allied forces [21]. In this period, called the 
hunger winter, many Dutch citizens resorted to eating grass, sugar beets, 
and tulip bulbs to survive, and there were 91,000 excess deaths, 
including deaths from starvation, TB, and other causes [22]. In addition 
to deaths directly due to starvation, there was a sharp rise in TB mor-
tality, which, in Amsterdam, rose to 85 per 100,000 in 1944 and peaked 
at 105 per 100,000 in 1945 before rapidly declining in 1946 and 
returning to pre-war levels by 1947 [20]. 

The effects of starvation on TB were also evident from a study of 
Russian and British prisoners of war held captive in Germany. All pris-
oners had similarly harsh living conditions and were provided with 1600 
calories a day, with minimal animal protein, and were required to 
perform heavy labor. However, the British prisoners received an addi-
tional 1,300 calories a day from the Red Cross, including 45.5 additional 
grams of animal protein. The Russian prisoners of war experienced a 13- 

fold increased incidence of TB compared to the British prisoners [23]. 

4. Undernutrition and TB incidence and severity 

As reviewed previously, numerous animal studies have shown that 
undernutrition blunts the adaptive and innate immune response to TB 
[8,24]. In fact, undernutrition is the leading cause of secondary immu-
nodeficiency worldwide and has even been described as “nutritionally- 
acquired immunodeficiency (N-AIDS)” [25,26]. Today, undernutrition 
is the leading risk factor for TB, with a population-attributable fraction 
(PAF) of 15%, compared to 7.6% for HIV and 3.1% for diabetes [4]. The 
PAF of undernutrition for TB is particularly substantial in countries with 
the highest burdens of TB. For instance, in India, which has a quarter of 
the global TB burden, over half of all TB cases were attributable to un-
dernutrition in most states [27]. According to a systematic review, 
comprising 2.6 million patients, there exists a consistent log-linear 
relationship between pre-morbid BMI and TB incidence [28]. For 

Fig. 1. Tuberculosis mortality in Amsterdam during World War II. Data derived from Daniels, 1949 [19].  

Fig. 2. Relationship between TB incidence and prevalence adapted with 
permission from Global Tuberculosis Report 2021 (license: CC BY-NC-SA 3.0 
IGO) [4]. 
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every 1 kg/m2 increase in BMI, TB incidence is reduced by 13.8% (95% 
confidence interval 13.4–14.2) [28]. Similarly, as seen in Fig. 2, TB 
incidence has been shown to increase with rising prevalence of under-
nutrition in a population. 

5. TB Treatment success and mortality 

Undernourished individuals are also more likely to have greater 
severity of TB. A 2019 study in India found that patients who were 
severely undernourished had 11% more of their lungs affected on chest 
X-ray (95% CI: 4.0–13.3) [29]. Those who were severely undernour-
ished were also significantly more likely to have lung cavitation (a rate 
of 4.6 times more; 95% CI, 1.5–14.1) compared to those with a normal 
BMI. A study in Latvia of 995 MDR-TB patients found that those who 
were underweight were significantly more likely to be both smear and 
culture positive compared to patients with a normal body weight (OR 
2.2 for both) [30]. 

Undernutrition also decreases TB treatment success. A Peruvian 
study found that patients with unsuccessful treatment outcomes were 
twice as likely not to have gained greater than 5% of their baseline 
weight at the end of treatment compared to those with successful out-
comes (risk ratio [RR] 2.05; 95% CI 1.10–3.80) [31]. In Brazil, re-
searchers found that for every 1 kg increase in weight in the first two 
months, likelihood of unsuccessful treatment outcomes decreased by 
12% [32]. Furthermore, in a 2005 study, patients who were under-
weight at time of diagnosis (defined as being 10% or more below ideal 
body weight) had a 19.1% chance of relapse, compared to only a 4.8% 
likelihood of relapse among those who were not underweight when 
diagnosed with TB (p < 0.001) [33]. Those who gained 5% or less of 
their bodyweight over the course of treatment were also significantly 
more likely to relapse than those who gained more than 5% bodyweight 
(odds ratio [OR] 2.4; p = 0.03). A nested case-control study in Yemen 
found that, after adjusting for demographic, socioeconomic, disease 
severity, treatment adherence, and medical comorbidities, persons with 
TB who had a BMI of ≤18.5 kg/m2 were 3.1 times more likely to relapse 
compared to patients with a BMI of 18.5 kg/m2 or greater (95% CI 
1.6–6.2) [34]. 

In addition to increasing TB severity and chance of relapse, under-
nutrition also increases the likelihood of TB mortality. A 2014 study in 
Ethiopia found that patients who weighed less than 35 kg had a 3.9 times 
higher rate of death than patients who weighed 35 kg or more [35]. A 
South African study found that for every kg decrease in weight at the 
start of treatment, odds of survival decreased by 7.5% (P < 0.01) among 
those with extensively drug-resistant TB [36]. Similar results were found 
in Malawi, where 10.9% of patients with moderate (BMI 16.0–16.9 kg/ 
m2) to severe undernutrition (BMI < 15.9 kg/m2) died in the first four 
weeks of treatment, compared to only 6.5% of patients with either no 
undernutrition (BMI greater than 18.5 kg/m2) or mild undernutrition 
(BMI 17.0–18.5 kg/m2), OR 1.8 (95% CI 1.1–2.7) [37]. 

Undernutrition likely increases severity and worsens treatment out-
comes through numerous mechanisms. Chief among them is likely the 
impact of undernutrition on the Th1 responses and reduction in regu-
latory T-cell signaling that result in a delayed and unregulated immune 
response [8]. Undernutrition may also blunt pharmacotherapy through 
decreased absorption of key antitubercular medicines such as Rifampin 
and Isoniazid [38,39]. Paradoxically, decreased fat-free mass among 
undernourished persons may also result in supratherapeutic levels of 
drugs like aminoglycosides and ethambutol with increased toxicity [40]. 

6. The bidirectional relationship between TB and nutrition 

One major limitation of observational studies of undernutrition and 
TB is the bidirectional relationship between these two conditions. 
Weight loss is a cardinal symptom of TB, and as such, some have 
expressed concerns that undernutrition is largely an effect of TB rather 
than a cause of it. However, some studies have been able to account for 

this concern. For instance, a 2012 study used premorbid BMI data from 
the US National Health and Nutrition Examination Survey (NHANES) 
between 1971 and 1992 to assess risk factors related to developing TB 
[41]. The researchers found that TB incidence among adults with normal 
BMI was 24.7 per 100,000 person-years (95% CI 13.0, 36.3), compared 
to 260.2 per 100,000 person-years for those with BMI < 18.5 kg/m2 

(95% CI: 98.6, 421.8), adjusted hazard ratio (HR): 12.43 (95% CI: 5.75, 
26.95). This study also noted that obesity was protective against TB 
incidence, HR: 0.28 (95% CI: 0.13, 0.63). A study in Hong Kong 
corroborated that obese and overweight elderly individuals were 
significantly less likely to develop TB disease compared to those with a 
normal body weight: HR 0.36 (95% CI 0.20–0.66) for obese individuals 
and HR 0.55 (95% CI 0.44–0.70) for overweight individuals [42]. 

More recently, a case control study nested in a prospective cohort has 
suggested that there is an increased risk of TB incidence in the setting of 
vitamin deficiencies. The researchers found that vitamin A deficiency in 
household contacts (HHCs) of pulmonary TB cases was associated with a 
ten times greater increase in progression to active TB (OR 10.53, 95% CI 
3.73–29.70) [9], while vitamin E deficiency was associated with a 
nearly two times greater increase in progression to active TB (OR: 1.86; 
95% CI: 1.18, 2.92) [10]. Another study has shown that vitamin D 
deficiency was associated with a five times greater increase in progres-
sion from latent to active TB (adjusted RR 5.1; 95% CI 1.2, 21.3, p =
0.03) [43]. 

Unpublished data from a multicenter study in India show increased 
risk of TB treatment failure (a composite of clinical failure, bacteriologic 
failure, death, relapse/recurrence) in persons who were severely un-
dernourished (BMI < 16). This study adjusted for disease duration and 
conducted a sensitivity analysis to account for weight loss that may have 
been due to TB. The association between undernutrition and poor TB 
treatment outcomes remained unchanged even when the authors 
accounted for weight lost due to TB by conducting sensitivity analyses to 
estimate premorbid BMI [44]. 

7. Effect of nutritional interventions 

Despite these historical data, studies focusing on providing nutri-
tional supplementation to persons living with TB have had mixed re-
sults. A 2009 study in Timor-Leste found that an intervention group 
receiving a daily meal for eight weeks, followed by a food package for 
14 weeks, had no significant difference in treatment completion 
compared to a control group [45]. Similarly, a 2011 study in Tamil 
Nadu, India found that TB patients who received a nutritional inter-
vention of a cereal-lentil mixture and a multivitamin had no significant 
increase in treatment success compared to a control group [46]. 
Micronutrient supplementation, such as through multivitamins or sup-
plements such as vitamin A, has also been found in several studies not to 
decrease TB incidence or improve treatment success [47,48]. 

However, other studies have found that nutritional supplementation 
can decrease TB incidence and improve treatment success. A study in 
Brazil found that patients who received a monthly food basket alongside 
the typical treatment regimen had a cure rate of 87.1%, compared to a 
cure rate of only 69.7% for those who did not receive food baskets [49]. 
Similarly, an India-based study found that an intervention group who 
received a monthly supply of rice and lentils had a 9% rate of unsuc-
cessful treatment, compared to 21% for those who did not receive the 
nutritional intervention (p < 0.001) [50]. 

A Cochrane systematic review included only six studies assessing the 
impact of macronutrient supplementation on treatment outcomes, 
weight gain, and quality of life. Overall, the systematic review found no 
evidence for earlier sputum clearance (relative effect, 1.08; 95% CI, 
0.86–1.37) and low-grade evidence for improvement in quality of life 
through macronutrient supplementation [51]. The studies included in 
the Cochrane review were small and underpowered. Moreover, most of 
the studies did not track caloric intake and none appear to have attained 
a recommended daily dietary intake of 2500 kcal/day. As such, it is 
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likely that the mixed results reported were a consequence of inadequate 
supplementation. Well-powered studies with adequate supplementation 
and close monitoring of caloric intake are needed to properly under-
stand the clinical impact of nutritional supplementation. 

Two upcoming studies from India will shed greater light on the 
impact of robust nutritional supplementation on TB incidence among 
household contacts as well as TB treatment outcomes among those with 
TB [52,53]. These studies aim to address potential reasons for lack of 
success in previous nutritional interventions, which include the studies 
being underpowered, providing insufficient or inadequate in-
terventions, and poor accounting of caloric intake. 

In addition to the direct, biological benefits of food provision on 
nutritional status and the immune system, nutritional interventions can 
also increase adherence to TB treatment, as previously reviewed [54]. 
Treatment for TB typically involves six months of a grueling drug 
regimen, with nonadherence rates ranging from 20% to 50% [55–57]. 
Patients who do not complete treatment, or who do not take medication 
regularly, are more likely to have negative treatment outcomes, so 
encouraging treatment adherence should be a major goal [58]. The 
aforementioned food basket study in Brazil saw a nonadherence rate of 
12.9% for those receiving the baskets, compared to 30.3% for those who 
did not [49]. Providing food to individuals when they attend medical 
visits could encourage increased adherence rates by providing a sec-
ondary reason for patients to attend their medical visit. 

An oft-cited opposition to nutritional programs is that they are too 
expensive. This narrative is countered by a recent modeling study that 
examined providing free, in-kind nutritional supplementation to un-
dernourished persons through an existing government ration program in 
India. The study found that providing rations sufficient for a 2600Kcal/ 
d diet would be highly cost-effective (incremental cost-effectiveness 
ratio: $470/DALY averted) in precipitating an 81% reduction in TB 
incidence and 88% reduction in TB mortality over 5 years [59]. 

8. Looking towards the future 

Reducing undernutrition may result in meaningful reductions in the 
TB epidemic. A 2015 modeling study found that even modest decreases 
in the prevalence of undernutrition would result in a reduction of 4.8 
million TB cases and 1.6 million TB-related deaths over 20 years in India 
[60]. Another model in 2014 suggested a 23% reduction in prevalence in 
Southeast Asia by 2035 with the mitigation of undernutrition as 
compared to a do-nothing scenario [61]. Taking action to reduce un-
dernutrition is more essential now than ever as food security worldwide 
is threatened by the COVID-19 pandemic, climate change, and political 
conflict. 

8.1. Tuberculosis and COVID-19 

Preliminary studies have found that COVID-19 led to a substantial 
increase in food insecurity worldwide, with the greatest burden falling 
on high-TB countries [62]. A 2020 paper suggested that COVID-19 
lockdowns and long-term effects of the pandemic would affect the 
“four pillars” of food security: availability, access, stability, and utili-
zation [63]. A report from the United Nations projected that around 118 
million more people worldwide experienced hunger in 2020 than in 
2019 [62]. This food insecurity was largely due to a decreased ability to 
work. A 2021 study in Kenya and Uganda found that 70% of respondents 
reported decreased income during the initial period of COVID-19 [64]. 
In countries such as India, where strict lockdowns were imposed, many 
vulnerable households were unable to leave their homes or go to work 
[65]. A preliminary study from Tamil Nadu, India found that every 
household surveyed- all of whom had at least one member living with 
active TB- reported decreased incomes and difficulties purchasing food 
during the strictest stage of the coronavirus lockdowns [44]. The im-
pacts of COVID-19 on food security are likely to be long-lasting and may 
compound anticipated increases in TB incidence and mortality due to 

diversion of funding, decreased case finding, and delayed treatment due 
to the COVID-19 pandemic [66]. 

8.2. Tuberculosis and climate change 

Climate change greatly threatens food security [67]. The production 
of wheat and rice is projected to decrease with rising temperatures [68]. 
Intrusion of salty water after cyclones, which are projected to increase in 
severity with rising global temperatures, threatens arable land in coastal 
regions [69]. Changes in rainfall patterns may also impact food pro-
duction in countries like India which are extremely reliant on rains for 
irrigation, with 15–40% of rainfed rice-growing areas at risk of 
becoming less suitable or completely unsuitable for rice production 
[70]. In addition to availability issues, access to food may also be 
threatened by extreme weather events related to climate change [71]. 
For instance, in 2020, vegetable prices rose 20–30% in the aftermath of 
cyclone Amphan in Southern India due to disrupted supply chains [72]. 
Such price shocks could result in acute undernutrition and translate into 
increased TB incidence and mortality as was seen during the hunger 
winter. 

8.3. Tuberculosis and political conflict 

Politics and social conflict also threaten food security. In Venezuela, 
with political upheaval and disruption to the social safety net, TB has 
seen a major increase in recent years, likely attributable to massive food 
shortages [73]. Increased rates of poverty are also leading to multiple 
families living in single homes, providing additional opportunities for 
TB to spread. The Venezuelan government is not releasing health sta-
tistics, making it difficult to assess the true burden of disease, but two 
Caracas TB centers have seen a 40% increase in TB patients [73]. Po-
litical conflict can also cause an increase in forced migration with 
associated food insecurity. Colombian provinces with high numbers of 
Venezuelan migrants have seen an increased incidence in TB in recent 
years as migrants flee political turmoil in Venezuela [74]. As noted 
previously, it is difficult to separate the effect of undernutrition from 
that of socioeconomic determinants and a deterioration in public health 
infrastructure. However, based on previously presented epidemiologic 
and historical data, the effect of acute undernutrition during political 
conflict may be meaningful. Even as we write this paper, war in Ukraine 
is generating a refugee crisis of massive proportions which threatens TB 
elimination in both Ukraine and surrounding countries. 

9. Conclusions 

In this perspective piece, we have presented compelling evidence 
from epidemiological studies in both the global North and South that 
supports the view that undernutrition is a key risk factor for TB and a 
driver of poor outcomes. Although the evidence presented largely per-
tains to adults, there is a body of evidence that shows a similar effect of 
undernutrition on TB incidence and mortality among children 
[38,75,76]. Given what we already know, we should not be asking if we 
need to address undernutrition to eliminate TB; we must instead ask 
what should be done and how. 

Both lack of knowledge and lack of political will may contribute 
towards why undernutrition is ignored as an integral part of TB pro-
gramming, so strategies should be adopted to improve both these areas. 
The WHO produced a guidance document on undernutrition in persons 
with TB and identified priority areas for basic, clinical, and health sys-
tems research [77]. However, we have not seen screening and care for 
undernutrition among persons with TB be integrated into standard TB 
care as was done for other key comorbidities such as HIV and diabetes. 

With a few exceptions, such as India’s Nikshay Poshan Yojana, most 
high TB burden countries have not integrated screening and treatment 
for undernutrition as a part of standard TB care [78]. Currently, nutri-
tional interventions are largely taking place in the form of small pilot 
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studies rather than coordinated, large-scale programs based on exten-
sive research [77]. 

While many may consider the evidence we present and then decide 
to implement large nutritional programs to reduce TB incidence and 
mortality, we believe that such action may not constitute the best uti-
lization of resources. Some critical questions around nutritional sup-
plementation remain unanswered: what is the optimal diet for persons 
with TB? What diet should be provided to pregnant mothers with TB? 
Are prepared foods more effective than raw ingredients? Should food be 
provided during clinic visits? How can we improve the nutritional status 
of the community to decrease TB risk? Perhaps the best way forward is 
for hybrid trials that seek to answer such questions while also asking and 
answering implementation questions that will expedite policy change. 

The scientific and development communities need to take coordi-
nated action exigently. We propose the following priorities: (1) inte-
grating nutritional assessment and care into standard TB care; (2) 
improving nutrition on a population level to reduce TB incidence; and 
(3) increasing funding for undernutrition-TB research to address critical 
knowledge gaps previously identified by the WHO [8]. To catalyze ac-
tion, we suggest convening a high-level meeting of experts in nutrition 
and experts in TB with the dual purpose of determining tangible next 
steps and promoting coordinated action. As undernutrition is a cross- 
cutting issue that has an impact on myriad health issues beyond TB, 
input by experts from a variety of sectors and regions would increase the 
ability to make definitive recommendations on required interventions. 
The WHO could lead the creation of a working group on nutrition and TB 
to further develop actionable steps. 

Addressing undernutrition would bolster pillars 1 and 2 of the End 
TB Strategy [1], and would also help attain numerous sustainable 
development goals (SDG): SDG1 (no poverty), SDG2 (zero hunger), 
SDG3 (good health and well-being), SDG8 (decent work and economic 
growth), SDG10 (reduced inequalities), and SDG16 (peace, justice, and 
strong institutions) [79]. Thus far, undernutrition has been the neglec-
ted twin of HIV—the global TB elimination effort cannot afford to ignore 
it anymore. 
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