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1. Introduction 

Tuberculosis (TB), an infectious disease primarily 

caused by Mycobacterium tuberculosis, continues to 

pose a significant global health challenge. The World 

Health Organization (WHO) estimates that 

approximately 10.6 million people contracted TB in 

2021, leading to 1.6 million deaths. This persistent 

prevalence underscores the urgent need for 

comprehensive strategies to control and manage TB 

effectively. Anemia, a prevalent comorbidity in TB 

patients, further complicates the disease's trajectory 

and prognosis. Characterized by a reduction in red 

blood cells or hemoglobin levels, anemia compromises 

the body's capacity to transport oxygen, resulting in 

fatigue, weakness, and shortness of breath. The 

presence of anemia in TB patients is notably higher 

than in healthy individuals or those infected with M.tb 

but without active disease. This disparity points to the 

complex interplay between TB and anemia, warranting 

in-depth investigation. Anemia in TB is not a 

monolithic entity; it encompasses various types, each 

with unique etiologies and implications. Among these, 

iron deficiency anemia (IDA) and anemia of 

inflammation (AI) are the most prevalent.1-4 

IDA arises from insufficient iron stores to support 

red blood cell production. Iron is a critical component 
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A B S T R A C T  

Background: Tuberculosis (TB) remains a major global health problem, with 
anemia being a frequent comorbidity. Anemia in TB is multifaceted, with iron 

deficiency and anemia of inflammation (AI) being the most common types. 
This systematic review aims to synthesize the evidence on iron deficiency 
and AI in TB, their prevalence, impact on outcomes, and management 
strategies. Methods: A systematic search of PubMed and ScienceDirect 

databases was conducted for articles published in the last 10 years. 
Observational studies examining the prevalence, types, and impact of 
anemia on TB outcomes were included. The Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed. 

Results: The review included 7 studies involving 1,133 participants. Anemia 
prevalence ranged from 61% to 89% in TB patients. AI was the predominant 
type, with iron deficiency also prevalent. Anemia was associated with 
increased mortality, delayed sputum culture conversion, and impaired TB 

treatment response. Conclusion: Anemia, primarily AI and iron deficiency, 
is highly prevalent in TB and negatively impacts treatment outcomes and 
survival. Effective management of anemia is crucial for improving TB 
outcomes. Further research is needed to optimize diagnostic and treatment 

strategies for iron deficiency and AI in TB. 
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of hemoglobin, the protein responsible for oxygen 

transport. When iron stores are depleted, hemoglobin 

production falters, leading to reduced oxygen-carrying 

capacity and the onset of anemia. In TB patients, iron 

deficiency can stem from several factors, including 

malnutrition, malabsorption, and the inflammatory 

response to the infection. AI, also known as anemia of 

chronic disease, is a complex form of anemia that 

develops in the presence of chronic inflammation, a 

hallmark of TB. The inflammatory response disrupts 

iron metabolism, hindering iron utilization for red 

blood cell production. Additionally, inflammation can 

suppress erythropoietin production, a hormone that 

stimulates red blood cell formation. This intricate 

interplay between inflammation and iron regulation 

contributes to the development of AI in TB patients.5-7 

The presence of anemia, particularly IDA and AI, in 

TB patients carries significant clinical implications. It 

can impair treatment response, increasing the risk of 

treatment failure and prolonged treatment duration. 

Moreover, anemia is associated with a higher risk of 

mortality and a diminished quality of life in TB 

patients. The fatigue, weakness, and decreased 

physical performance associated with anemia can 

significantly impede daily activities and overall well-

being. Given the substantial prevalence and 

detrimental effects of anemia in TB, a comprehensive 

understanding of its various facets is crucial.8-10 This 

systematic review focuses specifically on IDA and AI in 

TB, aiming to provide a thorough analysis of their 

prevalence, impact on TB outcomes, and current 

management strategies. 

 

2. Methods 

This systematic review was conducted in 

accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines, ensuring a rigorous and transparent 

approach to literature synthesis. A comprehensive 

search strategy was implemented to identify relevant 

studies investigating iron deficiency anemia (IDA) and 

anemia of inflammation (AI) in tuberculosis (TB) 

patients. Two prominent electronic databases, 

PubMed and ScienceDirect, were systematically 

searched to capture a broad range of published 

literature. These databases were selected for their 

extensive coverage of biomedical and scientific 

research, ensuring the inclusion of diverse studies 

relevant to the review's objectives. The search strategy 

employed a combination of keywords and Medical 

Subject Headings (MeSH) terms to maximize the 

retrieval of pertinent articles. The following search 

terms were utilized: "tuberculosis," "TB," "anemia," 

"iron deficiency anemia," "IDA," "anemia of 

inflammation," "AI," "anemia of chronic disease," 

"ACD," and their various combinations. This 

comprehensive search string aimed to capture all 

studies examining the interplay between TB and 

anemia, specifically focusing on IDA and AI. The 

search was limited to articles published in the last 10 

years (2014-2024), ensuring the inclusion of recent 

and up-to-date evidence. This timeframe was chosen 

to reflect the contemporary understanding and 

management of anemia in TB, considering the evolving 

landscape of medical research and clinical practice. 

The study selection process followed a two-stage 

approach: title/abstract screening and full-text 

review. Initially, all identified articles from the 

database searches were screened based on their titles 

and abstracts. This preliminary screening aimed to 

exclude studies that were clearly irrelevant to the 

review's objectives, such as those focusing on other 

types of anemia or those not related to TB. Following 

the initial screening, full-text articles of the remaining 

potentially relevant studies were retrieved and 

assessed for eligibility. The inclusion criteria were as 

follows; Study design: Observational studies, 

including cross-sectional, case-control, and cohort 

studies, were considered. These study designs are 

suitable for investigating the prevalence and impact of 

anemia in TB patients; Population: Studies involving 

human subjects diagnosed with TB were included; 

Intervention/Exposure: The presence of anemia, 

specifically IDA and/or AI, was considered as the 

exposure or intervention of interest; Outcomes: 

Studies reporting on the prevalence of IDA and/or AI 
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in TB patients, the impact of anemia on TB treatment 

outcomes (e.g., treatment response, mortality), and/or 

the management strategies for anemia in TB were 

included. Studies that did not meet the inclusion 

criteria were excluded from the review. The exclusion 

criteria included; Study design: Reviews, editorials, 

case reports, and studies with insufficient data were 

excluded; Population: Studies not involving TB 

patients or those focusing on other types of anemia 

were excluded; Outcomes: Studies not reporting on 

the prevalence, impact, or management of IDA and/or 

AI in TB were excluded. 

Data extraction was performed using a 

standardized data extraction form. This form was 

developed to ensure consistency and completeness in 

data collection across all included studies. The 

following information was extracted from each study; 

Study characteristics: Author(s), year of publication, 

study design, study setting, sample size, and 

participant characteristics (e.g., age, sex, TB type); 

Anemia assessment: Methods used to diagnose 

anemia and classify anemia types (IDA, AI); Prevalence 

of anemia: The proportion of TB patients with anemia, 

IDA, and AI; Impact of anemia: The association 

between anemia (IDA, AI) and TB treatment outcomes, 

including treatment response, mortality, and quality 

of life; Management strategies: Interventions used to 

manage anemia in TB patients, including iron 

supplementation, erythropoiesis-stimulating agents, 

and blood transfusion. 

The quality of the included studies was assessed 

using the Newcastle-Ottawa Scale (NOS) for 

observational studies. The NOS is a widely used tool 

to evaluate the risk of bias in observational studies, 

considering factors such as selection of study groups, 

comparability of groups, and ascertainment of 

outcomes. Each study was assessed on three 

domains: selection, comparability, and outcome. 

Studies were assigned a star rating for each item 

within the domains, with a higher score indicating 

better quality. 

A narrative synthesis approach was employed to 

synthesize the findings of the included studies. This 

approach involves summarizing and interpreting the 

results of individual studies in a descriptive manner, 

considering the heterogeneity in study designs, 

populations, and outcomes. The narrative synthesis 

focused on describing the overall prevalence of IDA 

and AI in TB patients, their impact on TB treatment 

outcomes, and the current management strategies. 

 

3. Results 

Figure 1 visually represents the process of 

identifying and selecting studies for inclusion in the 

systematic review on iron deficiency anemia (IDA) and 

anemia of inflammation (AI) in tuberculosis (TB). The 

initial search across PubMed and ScienceDirect 

databases yielded a substantial pool of 1,490 records. 

This highlights the extensive literature search 

conducted to capture a wide range of potentially 

relevant studies. After removing duplicates, 1,135 

records remained. Titles and abstracts of these 

records were screened for relevance to the review's 

focus on IDA and AI in TB, resulting in 66 records 

being excluded. This step ensured that only studies 

with a clear focus on the topic were considered further. 

Full-text articles of the remaining 13 records were 

assessed for eligibility based on pre-defined inclusion 

and exclusion criteria. This rigorous evaluation 

considered factors such as study design, population, 

and reported outcomes. 6 articles were excluded at 

this stage for various reasons, such as not meeting the 

study design criteria (e.g., reviews, case reports) or not 

focusing on the relevant types of anemia. Ultimately, 

7 studies met all the inclusion criteria and were 

included in the systematic review. These studies 

formed the basis for the analysis and synthesis of 

evidence on the prevalence, impact, and management 

of IDA and AI in TB. 
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Figure 1. PRISMA flow diagram. 

 

 

 

Table 1 provides a concise summary of the key 

characteristics of the seven studies included in the 

systematic review on iron deficiency anemia (IDA) and 

anemia of inflammation (AI) in tuberculosis (TB). The 

studies span a diverse geographical range, including 

Brazil (two studies), Gambia, India, China, and 

Pakistan. This diversity enhances the generalizability 

of the findings and provides insights into potential 

regional variations in the prevalence and management 

of anemia in TB. The majority of the studies employed 

a retrospective design (4 out of 7), with two studies 

using a prospective cross-sectional design and one a 

case-control design. This mix of study designs allows 

for a comprehensive understanding of the research 

question, with each design offering unique strengths 

and limitations. The sample sizes vary across the 

studies, ranging from 109 to 258 participants. While 

some studies have relatively small sample sizes, the 

overall pool of participants across all studies (1,133) 

provides a substantial basis for analysis. Two studies 

were conducted in Brazil, one prospective and one 

retrospective, both focusing on cross-sectional 

designs. This suggests a particular interest in this 

region regarding the topic. Three studies used this 

design, indicating a focus on examining the impact of 

anemia on TB outcomes over time. The study by 

Minchella et al. (2015) utilized a case-control design, 

which is particularly useful for investigating risk 

factors associated with anemia in TB. 
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Table 1. Study characteristics. 

No. Author (Year) Location Study design Sample size 

1 Oliveira MG, et al. 
(2014) 

Rio de Janeiro, 
Brazil 

Prospective cross-
sectional 

166 

2 Minchella PA, et al. 
(2015) 

Gambia Case-contact 
(TB)/Case-control 

131 

3 Gil-Santana L, et al. 
(2019) 

Brazil Retrospective cohort 236 (118 cases, 118 
controls) 

4 Chhabra S, et al. 
(2021) 

India Cross-sectional 150 

5 Mendonça EB d, et 
al. (2021) 

Rio de Janeiro, 
Brazil 

Retrospective cross-
sectional 

258 

6 Luo M, et al. (2022) Shanghai, China Retrospective cohort 155 

7 Ahmad S, et al. 
(2023) 

Pakistan Retrospective cross-
sectional 

109 

 

Table 2 presents a summary of the prevalence and 

types of anemia observed across the seven studies 

included in the systematic review; Prevalence of 

Anemia: Anemia is highly prevalent in TB patients, 

with reported rates ranging from 61.2% to 89.1% 

across the studies. This highlights the significant 

burden of anemia in this population. There is some 

variation in prevalence rates, which could be 

attributed to differences in study populations, 

diagnostic criteria, and the severity of TB. Study 5 

(Mendonça EB d, et al. (2021)) reported the lowest 

prevalence (61.2%), potentially due to its focus on a 

specific population or setting; Types of Anemia: AI 

appears to be the predominant type of anemia in TB 

patients. Studies 1, 3, and 4 specifically identify AI as 

the most common type, with prevalence as high as 

75.9% in one study. While less prevalent than AI, IDA 

is also observed in TB patients. Studies 1 and 4 report 

IDA prevalence, although at lower rates (2.4% and 

2.29%, respectively). Study 2 indicates the presence of 

both AI and IDA in TB patients, sometimes occurring 

together (AI+IDA). This highlights the complex 

interplay between these types of anemia in the context 

of TB. Studies 5 and 7 categorize anemia based on red 

blood cell morphology (size and color). This provides a 

different perspective, indicating a significant 

proportion of normocytic normochromic anemia 

(which can be associated with AI) and microcytic 

hypochromic anemia (often indicative of IDA). 

 

Table 2. Prevalence and type of anemia. 

No. Author (Year) Anemia prevalence Type of anemia 

1 Oliveira MG, et al. (2014) 89.1% AI (75.9%), IDA (2.4%) 

2 Minchella PA, et al. (2015) 67% AI, IDA, AI+IDA 

3 Gil-Santana L, et al. (2019) 88.9% AI 

4 Chhabra S, et al. (2021) 85.7% (Extrapulmonary 
TB), 88.5% (Pulmonary TB) 

AI (97.17%), IDA (2.29%) 

5 Mendonça EB d, et al. 

(2021) 

61.2% Normochromic normocytic 

(60.8%), Microcytic 
hypochromic (27.8%) 

6 Luo M, et al. (2022) - - 

7 Ahmad S, et al. (2023) 82.56% Microcytic (83.20%), 
Normocytic (11.20%), 
Macrocytic (5.60%) 

 

Table 3 focuses on the impact of anemia on 

tuberculosis (TB) treatment outcomes, drawing from 

two of the studies included in the systematic review; 

Study 1 (Mendonça EB d, et al. (2021)): This study 

found a statistically significant association (p = ≤0.05) 

between anemia and several adverse factors in TB 

patients: Anemia may contribute to or be a marker of 

more severe TB disease, leading to significant weight 
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loss. Anemia could increase the risk of complications 

and the need for hospitalization in TB patients. 

Anemia may be more prevalent in TB patients co-

infected with HIV, potentially due to the combined 

impact on the immune system. Microcytosis refers to 

smaller-than-normal red blood cells, often seen in 

IDA, indicating a potential link between iron deficiency 

and worse TB outcomes. High platelet count could 

reflect an inflammatory response associated with both 

anemia and TB, potentially influencing disease 

progression; Study 2 (Luo M, et al. (2022)): This study 

compared TB patients with anemia (TB-A group) to 

those without anemia. The TB-A group showed poorer 

improvement in lung injury during TB treatment, 

specifically in Slower healing of cavities (air-filled 

spaces) in the lungs, indicating a less effective 

treatment response. Less reduction in lung fluid, 

suggesting persistent inflammation and potentially 

slower recovery. 

 

Table 3. Impact of anemia on TB outcomes. 

No. Author (Year) Impact of anemia on TB outcomes 

1 Mendonça EB d, et al. (2021) Anemia was significantly associated (p = ≤0.05) with 
a history of weight loss >10%, hospitalization, Human 
immunodeficiency virus (HIV) infection, microcytosis, 
and high platelet count. 

2 Luo M, et al. (2022) The TB-A group (n = 66) had worse lung injury 
improvement in terms of cavity closure (4.7 ± 3.59 vs 

10.56 ± 7.42; p = 0.036) and fluid improvement [4 
(30.77%) vs 12 (92.31%); p = 0.001] during 
conventional treatment. 

 

 

4. Discussion 

The high prevalence of anemia observed in this 

systematic review is indeed a critical finding, and it 

aligns with a growing body of evidence demonstrating 

the significant association between tuberculosis (TB) 

and anemia. Anemia, a condition characterized by a 

deficiency of red blood cells or hemoglobin, 

compromises the body's capacity to transport oxygen, 

leading to fatigue, weakness, and shortness of breath. 

In the context of TB, anemia is particularly concerning 

as it can exacerbate the already debilitating effects of 

the disease and hinder treatment outcomes. A meta-

analysis of 36 studies, conducted to assess the global 

prevalence of anemia in TB patients, reported a pooled 

prevalence rate of 53%. However, the prevalence rates 

observed in this systematic review ranged from 61% to 

89%, slightly higher than the pooled estimate from the 

meta-analysis. This discrepancy could be attributed to 

several factors, including differences in study 

selection, diagnostic criteria, and the severity of TB in 

the included studies. TB is characterized by chronic 

inflammation, which disrupts iron metabolism and 

erythropoiesis (red blood cell production). 

Inflammatory cytokines, such as interferon-gamma 

and tumor necrosis factor-alpha, increase the 

production of hepcidin, a hormone that regulates iron 

absorption and release. Elevated hepcidin levels lead 

to reduced iron availability for erythropoiesis, 

contributing to anemia. TB can lead to malnutrition 

and malabsorption, further compromising iron intake 

and utilization. Patients with TB often experience loss 

of appetite, nausea, and vomiting, which can lead to 

inadequate dietary iron intake. Additionally, TB can 

affect the gastrointestinal tract, impairing the 

absorption of nutrients, including iron. The body's 

demand for iron increases during infection to support 

immune function and tissue repair. In TB, the chronic 

inflammatory state and ongoing immune response can 

further increase iron requirements, potentially 

exceeding dietary intake and leading to iron 

deficiency. Some TB medications, such as isoniazid 

and rifampicin, can interfere with iron absorption and 
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utilization, further contributing to anemia. The 

studies included in this review were carefully selected 

based on specific inclusion and exclusion criteria, 

focusing on research conducted in the last 10 years 

(2014-2024). This timeframe ensured the inclusion of 

recent and up-to-date evidence, reflecting 

contemporary understanding and management of 

anemia in TB. The selected studies varied in terms of 

geographical locations, including Brazil, Gambia, 

India, China, and Pakistan. The prevalence of anemia 

can vary across different regions due to factors such 

as socioeconomic status, nutritional habits, and 

genetic predisposition. The studies employed different 

study designs, including prospective cross-sectional, 

case-control, and retrospective cohort studies. Each 

study design has inherent strengths and limitations 

that can influence the reported prevalence of anemia. 

The sample sizes varied across the studies, ranging 

from 109 to 258 participants. Larger sample sizes 

generally provide more accurate estimates of 

prevalence. The diagnostic criteria used to define 

anemia can also influence prevalence rates. Different 

studies may use varying hemoglobin threshold values 

to diagnose anemia, leading to variations in reported 

prevalence. The World Health Organization (WHO) 

defines anemia as hemoglobin levels below 13 g/dL in 

men and below 12 g/dL in women. However, some 

studies may use lower thresholds, particularly in 

populations with a high prevalence of anemia. 

Additionally, the severity of TB can impact the 

prevalence of anemia. Patients with more severe TB, 

such as those with extensive pulmonary involvement 

or extrapulmonary TB, may be more likely to develop 

anemia due to factors such as malnutrition, 

malabsorption, and the inflammatory response to the 

infection. The higher prevalence rates observed in this 

review compared to the meta-analysis could also be 

attributed to an increased awareness and recognition 

of anemia in TB patients. Healthcare professionals are 

becoming more vigilant in screening for anemia in TB 

patients, leading to earlier detection and potentially 

higher reported prevalence rates. This increased 

awareness is crucial as anemia can significantly 

impact TB treatment outcomes and overall prognosis. 

The high prevalence of anemia in TB patients 

underscores the urgent need to address anemia as an 

integral part of TB management. Anemia can impair 

treatment response, increase the risk of treatment 

failure, and prolong treatment duration. Moreover, 

anemia is associated with a higher risk of mortality 

and a diminished quality of life in TB patients. To 

effectively manage anemia in TB patients, a 

multifaceted approach is required. Healthcare 

professionals should be vigilant in screening for 

anemia in all TB patients, using appropriate 

diagnostic criteria and tools. Determining the specific 

type of anemia (iron deficiency, anemia of 

inflammation, or other types) is crucial for targeted 

management. Addressing the underlying cause of 

anemia, such as iron deficiency or chronic 

inflammation, is essential for effective management. 

Providing supportive care, such as nutritional 

counseling and lifestyle modifications, can help 

improve anemia symptoms and overall quality of life. 

By addressing anemia as an integral part of TB 

management, healthcare professionals can improve 

treatment outcomes, reduce mortality, and enhance 

the quality of life for TB patients. The high prevalence 

of anemia in TB patients highlighted in this systematic 

review emphasizes the need for increased awareness, 

early detection, and effective management strategies 

to combat this significant comorbidity.11,12 

This systematic review has shed light on the 

prevalent types of anemia in tuberculosis (TB) 

patients, specifically Anemia of Inflammation (AI) and 

Iron Deficiency Anemia (IDA). This finding is 

consistent with the understanding that chronic 

inflammation, a hallmark of TB, disrupts iron 

metabolism and erythropoiesis, leading to AI. AI, also 

known as anemia of chronic disease, is a complex form 

of anemia that develops in the presence of chronic 

inflammation, such as that seen in TB. The 

inflammatory response disrupts iron homeostasis, the 

delicate balance of iron absorption, transport, and 

utilization. This disruption leads to reduced iron 

availability for erythropoiesis, resulting in anemia. TB 
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is characterized by chronic inflammation, which 

disrupts iron metabolism and erythropoiesis (red 

blood cell production). Inflammatory cytokines, such 

as interferon-gamma and tumor necrosis factor-alpha, 

increase the production of hepcidin, a hormone that 

regulates iron absorption and release. Elevated 

hepcidin levels lead to reduced iron availability for 

erythropoiesis, contributing to anemia. One of the key 

players in AI is hepcidin, a hormone that regulates 

iron metabolism. Hepcidin inhibits iron absorption 

from the gut and iron release from macrophages, the 

immune cells responsible for storing and recycling 

iron. During inflammation, hepcidin levels increase, 

leading to reduced iron availability for erythropoiesis. 

In addition to its effects on iron metabolism, 

inflammation can also suppress erythropoietin (EPO) 

production. EPO is a hormone produced by the 

kidneys that stimulates red blood cell production. 

When EPO levels are suppressed, erythropoiesis is 

impaired, further contributing to anemia. IDA arises 

from insufficient iron stores to support red blood cell 

production. Iron is a critical component of 

hemoglobin, the protein responsible for oxygen 

transport. When iron stores are depleted, hemoglobin 

production falters, leading to reduced oxygen-carrying 

capacity and the onset of anemia. TB can lead to 

malnutrition and loss of appetite, resulting in 

inadequate dietary iron intake. TB can affect the 

gastrointestinal tract, impairing the absorption of 

nutrients, including iron. The body's demand for iron 

increases during infection to support immune 

function and tissue repair. In TB, the chronic 

inflammatory state and ongoing immune response can 

further increase iron requirements, potentially 

exceeding dietary intake and leading to iron 

deficiency. Some TB medications, such as isoniazid 

and rifampicin, can interfere with iron absorption and 

utilization, further contributing to anemia. The 

complex interplay between inflammation, iron 

deficiency, and erythropoiesis underscores the need 

for a comprehensive approach to diagnose and 

manage anemia in TB patients. Differentiating 

between AI and IDA can be challenging, as they can 

coexist and share similar features. However, 

distinguishing between these types of anemia is 

crucial for effective management. For AI, the primary 

focus should be on treating the underlying 

inflammation driving the anemia. While iron 

supplementation may seem intuitive, it is often not 

beneficial for AI and could potentially have adverse 

effects. In some cases, iron supplementation may 

exacerbate inflammation and worsen TB outcomes. 

For IDA, oral iron supplementation is typically the 

first-line treatment. However, the absorption of oral 

iron can be impaired in the presence of inflammation, 

and some patients may experience gastrointestinal 

side effects. In such cases, intravenous iron 

administration may be considered to ensure adequate 

iron delivery. In addition to iron supplementation, 

other management strategies may include 

erythropoiesis-stimulating agents (ESAs) and blood 

transfusions. ESAs can stimulate red blood cell 

production, but their use in TB patients is 

controversial due to potential safety concerns and 

limited evidence of benefit. Blood transfusions may be 

necessary in cases of severe anemia to rapidly improve 

oxygen delivery and stabilize the patient.13,14 

The detrimental effects of anemia on TB outcomes 

are a significant concern, and understanding these 

effects is crucial for effective TB management. Anemia 

is associated with a higher risk of death in TB patients. 

Anemia reduces the oxygen-carrying capacity of the 

blood, leading to decreased oxygen delivery to tissues. 

This can impair the function of vital organs and 

compromise the body's ability to fight infection, 

making TB patients more susceptible to severe disease 

and complications. Oxygen is crucial for the optimal 

functioning of immune cells, particularly those 

involved in combating TB infection. Anemia can impair 

the function of these cells, hindering the body's ability 

to control the infection and promote healing. TB itself 

can cause systemic effects such as fever, night sweats, 

and weight loss. Anemia can exacerbate these effects, 

further weakening the body and making it more 

difficult to recover from the disease. Anemia can delay 

the time it takes for a TB patient's sputum culture to 
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become negative, indicating persistent infection. A 

delayed sputum culture conversion suggests that the 

TB bacteria are still present and actively replicating, 

necessitating a longer treatment duration to ensure 

complete eradication of the infection. Patients with 

persistent positive sputum cultures are more likely to 

transmit TB to others, as the bacteria are still present 

in their respiratory secretions. Prolonged treatment 

duration increases the risk of the TB bacteria 

developing resistance to the medications used, making 

treatment more challenging and potentially leading to 

treatment failure. Anemia can impede the healing 

process of lung injury caused by TB. Cavities, or air-

filled spaces, can form in the lungs due to TB infection. 

Anemia can slow down the closure of these cavities, 

indicating less effective treatment response and 

potentially leading to chronic lung problems. Anemia 

can hinder the clearance of fluid from the lungs, 

suggesting persistent inflammation and potentially 

slower recovery. This can lead to prolonged respiratory 

symptoms and decreased lung function. In some 

cases, persistent lung inflammation can lead to 

fibrosis, or scarring of the lung tissue. Anemia may 

increase the risk of fibrosis, further compromising 

lung function and overall health. Anemia's adverse 

effects on TB outcomes are multifaceted, stemming 

from a complex interplay of physiological and 

immunological factors. Anemia fundamentally 

disrupts the body's ability to transport oxygen 

efficiently. With fewer red blood cells or a lower 

hemoglobin concentration, the blood carries less 

oxygen, leading to decreased oxygen delivery to tissues 

and organs. Oxygen is vital for cellular respiration, the 

process by which cells generate energy. Insufficient 

oxygen supply compromises cellular function, 

affecting energy production and metabolic processes 

critical for overall health and immune response. 

Immune cells, particularly those involved in 

combating infections like TB, rely heavily on oxygen 

for optimal function. Reduced oxygen delivery can 

impair the activity of macrophages and lymphocytes, 

key players in the immune response against TB. This 

can hinder the body's ability to control the infection, 

leading to more severe disease and complications. 

Oxygen is crucial for the proliferation and activation of 

T cells, a type of white blood cell that plays a central 

role in cell-mediated immunity. T cells are essential for 

recognizing and destroying TB bacteria within infected 

cells. Anemia can impair T cell function, weakening 

the body's ability to contain the infection. 

Macrophages, another type of white blood cell, engulf 

and destroy TB bacteria through a process called 

phagocytosis. This process requires energy and 

oxygen. Anemia can reduce the efficiency of 

phagocytosis, allowing the bacteria to survive and 

multiply within macrophages. Cytokines are signaling 

molecules that regulate immune responses. Anemia 

can affect the production and balance of cytokines, 

potentially disrupting the coordinated immune 

response needed to control TB infection. Anemia-

induced fatigue and weakness are not merely 

inconveniences, they reflect a fundamental energy 

deficit at the cellular level. Reduced oxygen delivery 

compromises energy production, leaving patients 

feeling tired and weak. Fatigue and weakness can limit 

physical activity and daily functioning. This can 

further contribute to a cycle of debilitation, making it 

challenging for patients to maintain their overall 

health and well-being. The fatigue and weakness 

associated with anemia can make it difficult for 

patients to adhere to their TB medication regimen. 

Consistent medication intake is crucial for successful 

TB treatment, and any disruption can lead to 

prolonged treatment duration, treatment failure, and 

the development of drug-resistant TB. Recovery from 

TB involves repairing damaged tissues, particularly in 

the lungs. This repair process requires adequate 

oxygen and nutrients. Anemia can hinder tissue repair 

by limiting oxygen supply and compromising cellular 

function. Anemia can prolong the overall 

convalescence period, or the time it takes to recover 

from TB. This can delay the return to normal activities 

and overall well-being. Delayed recovery can increase 

the risk of developing long-term complications from 

TB, such as lung fibrosis (scarring) and pulmonary 

hypertension (high blood pressure in the arteries of 
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the lungs). Addressing anemia in TB patients is crucial 

for improving treatment adherence, enhancing 

immune function, and ultimately leading to better 

treatment outcomes. By improving the oxygen-

carrying capacity of the blood and supporting immune 

function, managing anemia can help TB patients 

better tolerate treatment, fight infection more 

effectively, and experience faster recovery. Anemia can 

cause significant fatigue and weakness, which are 

already common symptoms of TB. By addressing 

anemia and improving oxygen delivery to tissues, 

patients may experience less fatigue and weakness, 

making it easier for them to carry out daily activities 

and adhere to their TB medication regimen. Anemia 

can significantly impact a patient's quality of life, 

leading to decreased physical and mental well-being. 

Managing anemia can improve overall quality of life, 

making it easier for patients to cope with the 

challenges of TB treatment and adhere to their 

medications. When patients feel better and experience 

less fatigue, they are more likely to be motivated to 

complete their TB treatment course. This improved 

adherence can lead to better treatment outcomes and 

reduce the risk of treatment failure and drug 

resistance. Immune cells, particularly those involved 

in combating TB infection, require adequate oxygen 

supply for optimal function. Addressing anemia 

improves oxygen delivery to these cells, enhancing 

their ability to fight the infection and promote healing. 

Phagocytosis, the process by which macrophages 

engulf and destroy TB bacteria, is an energy-intensive 

process that requires oxygen. Managing anemia can 

improve oxygen supply to macrophages, increasing 

their efficiency in phagocytosis and bacterial 

clearance. T cells, a type of white blood cell that plays 

a central role in cell-mediated immunity against TB, 

also require oxygen for optimal function. Addressing 

anemia can improve oxygen delivery to T cells, 

enhancing their ability to recognize and destroy TB 

bacteria within infected cells. By improving treatment 

adherence and enhancing immune function, 

managing anemia can increase the likelihood of 

successful TB treatment outcomes. This can lead to 

faster sputum culture conversion, reduced treatment 

duration, and a lower risk of treatment failure and 

drug resistance. Anemia can delay recovery from TB 

by hindering the body's ability to repair damaged 

tissues and restore normal function. Addressing 

anemia can improve oxygen delivery and support 

tissue repair, leading to faster recovery and a quicker 

return to normal activities. Anemia can increase the 

risk of developing long-term complications from TB, 

such as lung fibrosis and pulmonary hypertension. 

Managing anemia can help reduce the risk of these 

complications by improving oxygen delivery and 

supporting immune function. By improving overall 

health and immune function, addressing anemia can 

contribute to reduced mortality rates in TB patients.15-

17 

Anemia of inflammation (AI), also referred to as 

anemia of chronic disease (ACD), is a common type of 

anemia observed in individuals with chronic 

inflammatory conditions, including tuberculosis (TB). 

In TB, the persistent inflammatory state triggered by 

the infection disrupts the intricate balance of iron 

metabolism and red blood cell production 

(erythropoiesis), leading to the development of AI. The 

inflammatory response associated with TB involves 

the release of various signaling molecules called 

cytokines, such as interferon-gamma (IFN-γ) and 

tumor necrosis factor-alpha (TNF-α). These cytokines 

play a crucial role in orchestrating the immune 

response against the infection. However, they also 

disrupt iron homeostasis, the delicate balance of iron 

absorption, transport, and utilization. One of the key 

players in AI is hepcidin, a hormone that regulates 

iron metabolism. Hepcidin inhibits iron absorption 

from the gut and iron release from macrophages, the 

immune cells responsible for storing and recycling 

iron. During inflammation, hepcidin levels increase, 

leading to reduced iron availability for erythropoiesis. 

In addition to its effects on iron metabolism, 

inflammation can also suppress erythropoietin (EPO) 

production. EPO is a hormone produced by the 

kidneys that stimulates red blood cell production. 

When EPO levels are suppressed, erythropoiesis is 
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impaired, further contributing to anemia. The primary 

focus in managing AI in TB patients is to address the 

underlying inflammation driving the anemia. While 

iron supplementation may seem intuitive, it is often 

not beneficial for AI and could potentially have adverse 

effects. In some cases, iron supplementation may 

exacerbate inflammation and worsen TB outcomes. 

The most effective way to manage AI is to treat the 

underlying condition causing the inflammation. In the 

case of TB, this involves adhering to the prescribed TB 

medication regimen and completing the full course of 

treatment. Successful treatment of TB leads to a 

reduction in inflammation, which in turn can improve 

anemia. In some cases, anti-inflammatory medication 

may be used to reduce inflammation and improve 

anemia. However, the use of anti-inflammatory 

medication in TB patients should be carefully 

considered, as it may interfere with the immune 

response needed to fight the infection. Iron 

supplementation is generally not recommended for AI, 

as it may worsen inflammation and TB outcomes. In 

AI, the body has sufficient iron stores, but the iron is 

not readily available for erythropoiesis due to the 

inflammatory response. Providing additional iron 

through supplementation may not improve anemia 

and could potentially exacerbate inflammation. Iron 

deficiency anemia (IDA) is a common type of anemia 

characterized by insufficient iron stores to support 

adequate red blood cell production. Iron is a critical 

component of hemoglobin, the protein in red blood 

cells responsible for transporting oxygen throughout 

the body. When iron stores are depleted, hemoglobin 

production falters, leading to a decrease in the 

number of red blood cells and their oxygen-carrying 

capacity. This results in various symptoms, including 

fatigue, weakness, shortness of breath, and pallor. In 

the context of tuberculosis (TB), IDA can arise from a 

combination of factors, including reduced dietary iron 

intake, malabsorption due to gastrointestinal TB or TB 

medications, and increased iron demand during 

infection. Addressing IDA in TB patients is crucial, as 

it can significantly impact treatment outcomes and 

overall quality of life. For iron deficiency anemia, oral 

iron supplementation is typically the first-line 

treatment. However, the absorption of oral iron can be 

impaired in the presence of inflammation, and some 

patients may experience gastrointestinal side effects. 

In such cases, intravenous iron administration may be 

considered to ensure adequate iron delivery. Oral iron 

supplements are widely available and generally well-

tolerated. Ferrous sulfate is the most commonly used 

form of oral iron supplement. It is readily absorbed 

and relatively inexpensive. However, it can cause 

gastrointestinal side effects such as constipation, 

nausea, and abdominal discomfort. Ferrous gluconate 

form of iron is generally better tolerated than ferrous 

sulfate, with fewer gastrointestinal side effects. 

However, it contains a lower amount of elemental iron, 

requiring a higher dosage to achieve the same effect. 

Ferrous fumarate form of iron is also well-tolerated 

and has a higher amount of elemental iron compared 

to ferrous gluconate. However, it may be more 

expensive than ferrous sulfate. The choice of 

supplement and dosage will depend on the severity of 

iron deficiency, patient tolerance, and cost 

considerations. It is important to note that oral iron 

absorption can be affected by various factors, 

including the presence of inflammation, dietary 

factors, and other medications. Intravenous iron 

administration may be necessary in cases of severe 

iron deficiency, malabsorption, or intolerance to oral 

iron. Intravenous iron can rapidly replenish iron 

stores and improve anemia. Several intravenous iron 

preparations are available, each with its own 

advantages and disadvantages. Iron Dextran is one of 

the oldest intravenous iron preparations. It is effective 

in replenishing iron stores but can cause allergic 

reactions in some patients. Iron sucrose preparation 

is generally well-tolerated and has a lower risk of 

allergic reactions compared to iron dextran. However, 

it requires multiple administrations to achieve the 

desired effect. Ferric carboxymaltose is a newer 

intravenous iron preparation that can be administered 

in larger doses, requiring fewer administrations. It is 

generally well-tolerated and has a low risk of allergic 

reactions. The choice of intravenous iron preparation 



664 
 

will depend on the patient's individual needs and the 

availability of different preparations. In addition to 

iron supplementation, encouraging patients to 

consume iron-rich foods can help improve iron 

deficiency. Red meat is a good source of heme iron, 

which is more readily absorbed than non-heme iron 

found in plant-based foods. Poultry, such as chicken 

and turkey, also contains heme iron. Fish is a good 

source of iron, particularly oily fish like salmon and 

tuna. Beans and lentils are excellent sources of non-

heme iron. Leafy green vegetables, such as spinach 

and kale, are good sources of non-heme iron. It is 

important to note that the absorption of non-heme 

iron can be enhanced by consuming it with vitamin C-

rich foods, such as citrus fruits and tomatoes.18-20 

 

5. Conclusion 

Effective management of anemia is critical for 

improving TB outcomes. Further research is needed to 

optimize diagnostic and treatment strategies for iron 

deficiency and AI in TB. The high prevalence of anemia 

in TB patients underscores the urgent need to address 

anemia as an integral part of TB management. Anemia 

can impair treatment response, increase the risk of 

treatment failure, and prolong treatment duration. 

Moreover, anemia is associated with a higher risk of 

mortality and a diminished quality of life in TB 

patients. To effectively manage anemia in TB patients, 

a multifaceted approach is required. Healthcare 

professionals should be vigilant in screening for 

anemia in all TB patients, using appropriate 

diagnostic criteria and tools. Determining the specific 

type of anemia (iron deficiency, anemia of 

inflammation, or other types) is crucial for targeted 

management. Addressing the underlying cause of 

anemia, such as iron deficiency or chronic 

inflammation, is essential for effective management. 

Providing supportive care, such as nutritional 

counseling and lifestyle modifications, can help 

improve anemia symptoms and overall quality of life. 

By addressing anemia as an integral part of TB 

management, healthcare professionals can improve 

treatment outcomes, reduce mortality, and enhance 

the quality of life for TB patients. The high prevalence 

of anemia in TB patients highlighted in this systematic 

review emphasizes the need for increased awareness, 

early detection, and effective management strategies 

to combat this significant comorbidity. 
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