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Tuberculosis (TB) represents a global health problem, affecting millions of individuals 
worldwide. A TB-related inflammatory response can occur, resulting in anorexia and 
increased catabolism, which may lead to malnutrition. Conversely, malnutrition is the most 
prevalent cause of secondary immunodeficiency and may contribute to both the incidence 
and prognosis of tuberculosis. In this context, there is a bidirectional relationship between 
malnutrition and TB. Nutritional interventions have the potential to significantly impact the 
prognosis of TB disease. This review aims to elucidate the relationship between malnutrition 
and TB and to highlight the efficacy of nutritional interventions in managing malnutrition 
in TB patients.
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ABSTRACT

INTRODUCTION
Tuberculosis (TB) is a chronic disease characterized by an infection with Mycobacterium 
tuberculosis, which is known to be one of the most lethal infectious organisms in the world. It is a 
significant public health concern, ranking as one of the thirteen causes of mortality worldwide.1 
The World Health Organization (WHO) has estimated that there were approximately 7.5 million 
new TB cases and 1.3 million deaths from TB in 2022.2 The emergence of drug-resistant strains of 
TB, which are resistant to the two most powerful and effective TB drugs (rifampicin and isoniazid), 
represents a significant challenge to public health and TB control.3 The development of TB is 
influenced by a number of risk factors, including an individual’s previous exposure history, the 
environment in which they live, their smoking and alcohol consumption habits, the presence of 
tumors, and their nutritional status.4

Malnutrition represents the most prevalent cause of secondary immunodeficiency, affecting 
both innate and adaptive immunity. It is referred to as “nutritionally acquired immune deficiency 
syndrome.” Malnutrition stimulates several immune mechanisms, making individuals susceptible 
to various infections.5 Two principal mechanisms for the removal of pathogenic organisms from 
the body are phagocytosis and the complement cascade. In cases of undernutrition, both the 
opsonizing capacity of complement factor C3 and the ability of phagocytes to eliminate pathogens 
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are significantly diminished.6 Additionally, B-lymphocytes, 
macrophages, dendritic cells, and Kupffer cells are reduced in the 
presence of malnutrition. The mycobactericidal response, due to 
low zinc and copper levels, cell-based immunity, and cytokine 
secretion—which include tumor necrosis factor-alpha (TNF-α), 
interferon γ, and interleukin-12—are impaired.7,8 Starvation-
related malnutrition has been demonstrated to increase the 
incidence of TB by six to eight times.9 Furthermore, a study 
reported that 34–88% of first-ever TB patients were at risk of 
malnutrition using different nutritional assessment tools.10

One indicator of malnutrition is the body mass index (BMI). A 
low BMI was found to be associated with the progression of 
latent TB infection to active TB disease.8 A systematic review 
of 2.6 million patients with tuberculosis has demonstrated 
that the incidence of TB increases by 13.8% with each unit 
decrease in body mass index.11 It has been posited that a 
normal BMI is protective against TB.12 Moreover, a study 
demonstrated that obese and overweight elderly individuals 
exhibited a significantly lower incidence of TB compared to 
those with a normal BMI.13

However, malnutrition is both an etiological factor of TB 
and a clinical outcome of TB (Fig. 1). Malnutrition may result 
from reduced or insufficient dietary intake due to cytokine 
production, reduced absorption of nutrients, increased energy 
requirements, and increased loss, particularly urinary excretion 
of micronutrients, in infectious disease.14 The severity of 
malnutrition in TB is influenced by the severity of the disease 
and, in particular, the inflammatory response, which results in 
catabolism and anorexia.5

It has been demonstrated that the presence of active TB 
increases the resting metabolic rate by approximately 14%.15 
Despite the increased energy requirements associated with 
TB, inadequate energy and protein intake can result in protein-
energy malnutrition (PEM).16 Furthermore, in TB, despite 
adequate energy intake, the restructuring of protein stores may 
be delayed due to the anabolic block, which is characterized 
by increased amino acid catabolism and turnover.16 It has 
been demonstrated that increased circulating concentrations 
of interleukin-6 (IL-6), TNF-a, and other cytokines may cause 
weight loss, cachexia, and anorexia.17

Malnutrition can result in increased disease severity, 
delayed sputum conversion, malabsorption of anti-TB 
drugs, hepatotoxicity associated with TB drugs, decreased 
or delayed Bacillus Calmette-Guérin (BCG) vaccine response, 
disease relapse, and death.4,18–20 Furthermore, the coexistence 
of multidrug therapy and rifampicin with malnutrition is 
associated with a higher incidence of adverse effects and 
increased mortality.21

CLINICAL AND RESEARCH CONSEQUENCES
Malnutrition can be assessed using different tools such 
as anthropometric measurements, including BMI, mid-
upper arm circumference, and screening or assessment 
tools with or without measurement of daily food intake.22 
A meta-analysis of 48 studies employing diverse nutritional 
assessment methodologies revealed that 48% of TB patients 
exhibited malnutrition.23 The majority of studies have used 
BMI as the sole indicator for assessing nutritional status in TB 
patients.24 Malnutrition is associated with reduced lean body 
mass.25 In patients with a normal or high BMI but low lean 
mass, malnutrition may be overlooked if BMI assessment is 
used alone.

Hung et al.26 performed a study investigating the nutritional 
status and dietary intake of 221 inpatients with pulmonary 
TB. It was reported that 85.5% of patients could not meet 
their daily energy requirements and approximately 90% of 
them did not receive sufficient dietary magnesium, calcium, 
zinc, and vitamin D. Furthermore, a study demonstrated that 
the severity of pulmonary TB was associated with reduced 
nutrient intake.27

THE MANAGEMENT OF MALNUTRITION IN 
TUBERCULOSIS
The assessment of nutritional status plays a crucial role 
in the prevention of malnutrition in vulnerable groups. 
Furthermore, it represents the initial stage of a possible 
nutritional intervention. In TB patients, it is recommended 
that screening and assessment for malnutrition be conducted 
at the time of diagnosis, as well as on a regular basis.28 A 
malnutrition assessment tool, such as the Global Leadership 
Initiative on Malnutrition (GLIM),29 can be employed to 

Figure 1. Mechanism of the vicious cycle between malnu-
trition and tuberculosis.
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assess the condition. It is recommended that patients who 
are malnourished or at risk of malnutrition receive nutrition 
counseling and, if required, therapeutic and supplementary 
nutrition support such as food fortification, enteral nutrition, 
or parenteral nutrition.28

It is recommended that patients consume 30–35 kilocalories 
per kilogram of daily energy and at least 1 g/kg/day of 
protein.28 In the event of insufficient energy intake, nutritional 
interventions can be employed as a means of providing the 
necessary sustenance. Nutritional interventions have the 
potential to yield significant outcomes, including increased 
body weight, improved handgrip strength, cure of TB, and 
reduced mortality.30–32 Dietary habits, particularly those 
involving foods containing high-quality protein, can influence 
the prognosis of TB.33

Some studies have focused on the supplementation of 
micronutrients, including vitamins A, C, E, and D, as well as 
zinc, copper, selenium, and iron, in the context of secondary 
immunodeficiency.34–39 It should be noted that these studies 
are subject to certain limitations, including the composition 
of the study population, the study design employed, and the 
quality of the research. At present, there is no reliable evidence 
on the effects of micronutrient supplementation.28

CONCLUSION
The vicious cycle of malnutrition and TB has been linked with 
possible effects on innate and adaptive immune responses. 
However, further investigation is required using modern 
immunological methods to achieve a deeper understanding 
of the impact of malnutrition on the TB prognosis, particularly 
with regard to sputum culture conversion, relapse, and 
mortality. Proper nutritional interventions can provide 
opportunities to reduce the occurrence of TB and improve 
clinical outcomes. It is important to provide individualized 
nutritional intervention after a comprehensive nutritional 
assessment in TB patients.

Author Contributions: Concept – NTO, KG; Design – NTO, KG; 
Supervision – NTO, KG; Resource – NTO, KG; Materials – NTO, KG; 
Data Collection and/or Processing – NTO, KG; Analysis and/or 
Interpretation – NTO, KG; Literature Search – NTO, KG; Writing – NTO, 
KG; Critical Reviews – NTO, KG.

Conflict of Interest: The authors have no conflict of interest to declare.

Use of AI for Writing Assistance: Not declared.

Financial Disclosure: The authors declared that this study has 
received no financial support.

Peer-review: Externally peer-reviewed.

REFERENCES
1.	 Kant S, Gupta H, Ahluwalia S. Significance of nutrition 

in pulmonary tuberculosis. Crit Rev Food Sci Nutr 2015; 
55(7): 955–63. [CrossRef ]

2.	 World Health Organization. Global tuberculosis report 
2023. Available from: URL: https://www.who.int/teams/
global-tuberculosis-programme/tb-reports/global-
tuberculosis-report-2023. Accessed Jul 22, 2024. 

3.	 Zhao Y, Xu S, Wang L, Chin DP, Wang S, Jiang G, et al. 
National survey of drug-resistant tuberculosis in China. N 
Engl J Med 2012; 366(23): 2161–70. [CrossRef ]

4.	 Ramachandran G, Hemanth Kumar AK, Bhavani PK, 
Poorana Gangadevi N, Sekar L, Vijayasekaran D, et al. 
Age, nutritional status and INH acetylator status affect 
pharmacokinetics of anti-tuberculosis drugs in children. 
Int J Tuberc Lung Dis 2013; 17(6): 800–6. [CrossRef ]

5.	 Bhargava A. Undernutrition, nutritionally acquired 
immunodeficiency, and tuberculosis control. BMJ 2016; 
355: i5407. [CrossRef ]

6.	 Maglione PJ, Xu J, Chan J. B Cells moderate inflammatory 
progression and enhance bacterial containment upon 
pulmonary challenge with mycobacterium tuberculosis. 
The J Immunology 2007; 178(11): 7222–34. [CrossRef ]

7.	 Abe M, Akbar F, Matsuura B, Horiike N, Onji M. Defective 
antigen-presenting capacity of murine dendritic cells 
during starvation. Nutrition 2003; 19(3): 265–9. [CrossRef ]

8.	 Sinha P, Davis J, Saag L, Wanke C, Salgame P, Mesick J, 
et al. Undernutrition and tuberculosis: public health 
implications. J Infect Dis 2019; 219(9): 1356–63. [CrossRef ]

9.	 Hernández-Garduño E, Pérez-Guzmán C. Appetite and 
tuberculosis: Is the lack of appetite an unidentified risk factor 
for tuberculosis? Med Hypotheses 2007; 69(4): 869–72. [CrossRef]

10.	 Ma JJ, Guo YJ, Li Z, Chen Y, He H, Li WM. Prevalence and 
prognostic significance of malnutrition risk in patients 
with pulmonary tuberculosis: A hospital-based cohort 
study. Front Public Health 2022; 10: 1039661. [CrossRef ]

11.	 Lönnroth K, Williams BG, Cegielski P, Dye C. A consistent 
log-linear relationship between tuberculosis incidence 
and body mass index. Int J Epidemiol 2010; 39(1): 149–55. 

12.	 Carwile ME, Hochberg NS, Sinha P. Undernutrition is 
feeding the tuberculosis pandemic: A perspective. J Clin 
Tuberc Other Mycobact Dis 2022; 27: 100311. [CrossRef ]

13.	 Leung CC, Lam TH, Chan WM, Yew WW, Ho KS, Leung G, et 
al. Lower risk of tuberculosis in obesity. Arch Intern Med 
2007; 167(12): 1297–304. [CrossRef ]

14.	 Rebecca J. Stratton, Ceri J. Green, M. Elia. Disease-related 
malnutrition: an evidence-based approach to treatment. 
Bd. 22, Disease-related malnutrition: an evidence-based 
approach to treatment. CABI; 2003. 585 S. [CrossRef ]

https://doi.org/10.1080/10408398.2012.679500
https://doi.org/10.1056/NEJMoa1108789
https://doi.org/10.5588/ijtld.12.0628
https://doi.org/10.1136/bmj.i5407
https://doi.org/10.4049/jimmunol.178.11.7222
https://doi.org/10.1016/S0899-9007(02)00854-7
https://doi.org/10.1093/infdis/jiy675
https://doi.org/10.1016/j.mehy.2007.02.006
https://doi.org/10.3389/fpubh.2022.1039661
https://doi.org/10.1093/ije/dyp308
https://doi.org/10.1016/j.jctube.2022.100311
https://doi.org/10.1001/archinte.167.12.1297
https://doi.org/10.1016/j.clnu.2003.08.003


447

J Clin Pract Res 2024;46(5):444–448 Ozer and Gundogan. Malnutrition and Tuberculosis

15.	 WHO Guideline: Nutritional care and support for patients 
with tuberculosis i Nutritional care and support for patients 
with tuberculosis. 2013. Available from: URL: https://www.
who.int/publications/i/item/9789241506410. Accessed 
Jul 22, 2024.

16.	 Koethe JR, Von Reyn CF. Protein-calorie malnutrition, 
macronutrient supplements, and tuberculosis. Int J 
Tuberculosis and Lung Disease 2016; 20(7): 857–63. [CrossRef]

17.	 Van Lettow M, Van Der Meer JWM, West CE, Van Crevel R, 
Semba RD. Interleukin-6 and human immunodeficiency 
virus load, but not plasma leptin concentration, 
predict anorexia and wasting in adults with pulmonary 
tuberculosis in Malawi. J Clin Endocrinol Metab 2005; 
90(8): 4771–6. [CrossRef ]

18.	 Putri FA, Burhan E, Nawas A, Soepandi PZ, Sutoyo DK, 
Agustin Het al. Body mass index predictive of sputum 
culture conversion among MDR-TB patients in Indonesia. 
Int J Tuberc Lung Dis 2014; 18(5): 564–70. [CrossRef ]

19.	 Niki M, Yoshiyama T, Nagai H, Miyamoto Y, Niki M, Oinuma 
KI, et al. Nutritional status positively impacts humoral 
immunity against its Mycobacterium tuberculosis, disease 
progression, and vaccine development. PLoS One 2020; 
15(8): e0237062. [CrossRef ]

20.	 Tostmann A, Boeree MJ, Aarnoutse RE, De Lange WCM, 
Van Der Ven AJAM, Dekhuijzen R. Antituberculosis drug-
induced hepatotoxicity: concise up-to-date review. J 
Gastroenterol Hepatol 2008; 23(2): 192–202. [CrossRef ]

21.	 Podewils LJ, Holtz T, Riekstina V, Skripconoka V, Zarovska 
E, Kirvelaite G, et al. Impact of malnutrition on clinical 
presentation, clinical course, and mortality in MDR-TB 
patients. Epidemiol Infect 2011; 139(1): 113–20. [CrossRef ]

22.	 Serón-Arbeloa C, Labarta-Monzón L, Puzo-Foncillas J, 
Mallor-Bonet T, Lafita-López A, Bueno-Vidales N, et al. 
Malnutrition screening and assessment. Nutrients 2022; 
14(12): 2392. [CrossRef ]

23.	 Li A, Yuan SY, Li QG, Li JX, Yin XY, Liu NN. Prevalence and 
risk factors of malnutrition in patients with pulmonary 
tuberculosis: a systematic review and meta-analysis. Front 
Med (Lausanne) 2023; 10: 1173619. [CrossRef ]

24.	 Ter Beek L, Bolhuis MS, Jager-Wittenaar H, Brijan RXD, 
Sturkenboom MGG, Kerstjens HAM, et al. Original research: 
Malnutrition assessment methods in adult patients with 
tuberculosis: a systematic review. BMJ Open 2021; 11(12): 
e049777. [CrossRef ]

25.	 Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, 
Bischoff SC, et al. ESPEN guidelines on definitions and 
terminology of clinical nutrition. Clin Nutr 2017; 36(1): 
49–64. [CrossRef ]

26.	 Hung NT, Nga NTH, Hung LX, Thao NP, Cuong NK, Nhung 
LTT. Nutritional status and dietary intake before hospital 
admission of pulmonary tuberculosis patients. AIMS 
Public Health 2023; 10(2): 443–55. [CrossRef ]

27.	 Mupere E, Parraga IM, Tisch DJ, Mayanja HK, Whalen CC. 
Low nutrient intake among adult women and patients 
with severe tuberculosis disease in Uganda: a cross-
sectional study. BMC Public Health 2012; 12(1): 1050. 

28.	 Ockenga J, Fuhse K, Chatterjee S, Malykh R, Rippin 
H, Pirlich M, et al. Tuberculosis and malnutrition: The 
European perspective. Clinical Nutrition 2023; 42(4): 486–
92. [CrossRef ]

29.	 Jensen GL, Cederholm T, Correia MITD, Gonzalez MC, 
Fukushima R, Higashiguchi T, et al. GLIM criteria for the 
diagnosis of malnutrition: a consensus report from the 
global clinical nutrition community. JPEN J Parenter 
Enteral Nutr 2019; 43(1): 32–40. [CrossRef ]

30.	 PrayGod G, Range N, Faurholt-Jepsen D, Jeremiah K, 
Faurholt-Jepsen M, Aabye MG, et al. The effect of energy-
protein supplementation on weight, body composition 
and handgrip strength among pulmonary tuberculosis 
HIV-co-infected patients: randomised controlled trial in 
Mwanza, Tanzania. Br J Nutr 2012; 107(2): 263–71. [CrossRef ]

31.	 Martins N, Morris P, Kelly PM. Food incentives to improve 
completion of tuberculosis treatment: randomised 
controlled trial in Dili, Timor-Leste. BMJ 2009; 339(7730): 
1131. [CrossRef ]

32.	 Range N, Andersen AB, Magnussen P, Mugomela A, Friis H. 
The effect of micronutrient supplementation on treatment 
outcome in patients with pulmonary tuberculosis: a 
randomized controlled trial in Mwanza, Tanzania. Trop 
Med Int Health 2005; 10(9): 826–32. [CrossRef ]

33.	 Hao JQ, Zhang L, Yu YQ, Hao MY, Wang AX, Feng FM. 
Analysis of dietary and nutritional status of tuberculosis 
patients in hulunbuir region. J Multidiscip Healthc 2024; 
17: 1231–40. [CrossRef ]

34.	 Isanaka S, Aboud S, Mugusi F, Bosch RJ, Willett WC, 
Spiegelman D, et al. Iron status predicts treatment failure 
and mortality in tuberculosis patients: a prospective 
cohort study from Dar es Salaam, Tanzania. PLoS One 
2012; 7(5): e37350. [CrossRef ]

35.	 Hemilä H, Kaprio J. Vitamin E supplementation may 
transiently increase tuberculosis risk in males who smoke 
heavily and have high dietary vitamin C intake. British J 
Nutrition 2008; 100(4): 896–902. [CrossRef ]

36.	 Tukvadze N, Sanikidze E, Kipiani M, Hebbar G, Easley 
KA, Shenvi N, et al. High-dose vitamin D3 in adults with 
pulmonary tuberculosis: a double-blind randomized 
controlled trial. Am J Clin Nutr 2015; 102(5): 1059–69. 

https://doi.org/10.5588/ijtld.15.0936
https://doi.org/10.1210/jc.2004-2539
https://doi.org/10.5588/ijtld.13.0602
https://doi.org/10.1371/journal.pone.0237062
https://doi.org/10.1111/j.1440-1746.2007.05207.x
https://doi.org/10.1017/S0950268810000907
https://doi.org/10.3390/nu14122392
https://doi.org/10.3389/fmed.2023.1173619
https://doi.org/10.1136/bmjopen-2021-049777
https://doi.org/10.1016/j.clnu.2016.09.004
https://doi.org/10.3934/publichealth.2023031
https://doi.org/10.1186/1471-2458-12-1050
https://doi.org/10.1016/j.clnu.2023.01.016
https://doi.org/10.1002/jpen.1440
https://doi.org/10.1017/S0007114511002832
https://doi.org/10.1136/bmj.b4248
https://doi.org/10.1111/j.1365-3156.2005.01463.x
https://doi.org/10.2147/JMDH.S450080
https://doi.org/10.1371/journal.pone.0037350
https://doi.org/10.1017/S0007114508923709
https://doi.org/10.3945/ajcn.115.113886


448

Ozer and Gundogan. Malnutrition and Tuberculosis J Clin Pract Res 2024;46(5):444–448

37.	 Karyadi E, West C, Schultink W, Nelwan RHH, Gross R, Amin 
Z, et al. A double-blind, placebo-controlled study of vitamin 
A and zinc supplementation in persons with tuberculosis 
in Indonesia: effects on clinical response and nutritional 
status. Am J Clin Nutr 2002; 75(4): 720–7. [CrossRef]

38.	 Daley P, Jagannathan V, John KR, Sarojini J, Latha A, 
Vieth R, et al. Adjunctive vitamin D for treatment of 

active tuberculosis in India: A randomised, double-blind, 
placebo-controlled trial. Lancet Infect Dis 2015; 15(5): 
528–34. [CrossRef ]

39.	 Patel DG, Kurian SJ, Miraj SS, Rashid M, Thomas L, Rodrigues 
GS, et al. Effect of vitamin D supplementation in Type 2 
diabetes patients with tuberculosis: a systematic review. 
Curr Diabetes Rev 2022; 18(4): e020921196096. [CrossRef ]

https://doi.org/10.1093/ajcn/75.4.720
https://doi.org/10.1016/S1473-3099(15)70053-8
https://doi.org/10.2174/1573399817666210902144539



