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ABSTRACT

Pulmonary tuberculosis (TB) is a major infectious disease and remains one of the
leading causes of morbidity and mortality worldwide. Anemia is a common hematological
complication of TB resulting from chronic inflammation, impaired iron metabolism, and
reduced erythropoiesis, which may adversely affect treatment outcomes. This study aimed to
describe the hemoglobin levels of pulmonary tuberculosis patients treated at Toto Kabila
Regional General Hospital, Bone Bolango Regency. A quantitative descriptive study with a
cross-sectional design was conducted in May 2025. Thirty pulmonary tuberculosis patients
receiving anti-tuberculosis treatment were included using total sampling. Hemoglobin
concentrations were measured using an automated hematology analyzer. Data were analyzed
descriptively and presented as frequencies, percentages, means, and standard deviations.
Among the 30 participants, 56.7% were male and 43.3% were female, with a mean age 0f47.17
+ 18.82 years. Moderate anemia was the most prevalent condition (63.3%), while severe
anemia and mild anemia each accounted for 6.7%. Only 23.3% of patients had normal
hemoglobin levels. The mean hemoglobin concentration was 10.09 + 1.96 g/dL (range: 7.3—
14.2 g/dL). All patients were receiving anti-tuberculosis therapy, whereas only 16.7% received
iron supplementation. Anemia, predominantly moderate anemia, was highly prevalent among
pulmonary tuberculosis patients. Routine hemoglobin assessment should be integrated into
tuberculosis management to facilitate early detection and appropriate management of
hematological abnormalities.
Keywords: pulmonary tuberculosis; hemoglobin, anemia; iron metabolism; hematological
abnormalities.

INTRODUCTION

Pulmonary  tuberculosis  (TB)
remains one of the most important
infectious diseases and continues to
represent a substantial global public health
burden. Despite decades of control efforts,
TB remains among the leading causes of
infectious disease-related morbidity and
mortality worldwide. Earlier
epidemiological reports estimated 9.4
million incident cases, 14 million prevalent
cases, and approximately 1.3 million deaths
among HIV-negative individuals,
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demonstrating the persistent burden of TB
on global health systems [1]. More recent
global analyses further indicate that
tuberculosis continues to
disproportionately affect low- and middle-
income countries, with the highest disease
burden concentrated in Asia and Africa (Lu
et al., 2025; Fu et al., 2026). Furthermore,
epidemiological projections suggest that
TB will remain a major public health
concern over the coming decades despite
improvements in disease control strategies

2]
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The  global distribution  of
tuberculosis is uneven, with developing
countries contributing the majority of
reported cases. Epidemiological evidence
indicates that countries such as Indonesia,
China, India, and several African nations
continue to experience high TB incidence
due to population density, socioeconomic
disparities, limited healthcare access, and
delayed diagnosis [3][2]. Consequently,
tuberculosis remains a major challenge for
healthcare systems because of its high
transmission rate, prolonged treatment
duration, and substantial socioeconomic
impact.  Understanding the clinical
manifestations and complications of
pulmonary TB is therefore essential for
improving patient management and
reducing disease burden.

Beyond pulmonary manifestations,
tuberculosis is frequently associated with
hematological abnormalities, particularly
anemia  characterized by  reduced
hemoglobin (Hb) concentrations. Anemia
in pulmonary TB patients is a multifactorial
condition  resulting  from  chronic
inflammation, impaired erythropoiesis,
nutritional deficiencies, and disturbances in
iron metabolism [4]. During active
tuberculosis  infection,  inflammatory
cytokines stimulate hepatic production of
hepcidin, a key regulator of iron
homeostasis. Elevated hepcidin limits
intestinal iron absorption and prevents iron
release from macrophages, resulting in
functional iron deficiency despite adequate
body iron stores [5][6]. Simultaneously,
Mycobacterium tuberculosis competes with
the host for iron, further disrupting
erythrocyte production and contributing to
decreased hemoglobin  concentrations
[41[7].

Reduced hemoglobin levels have
important  clinical consequences for
pulmonary tuberculosis patients. Anemia
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decreases  oxygen-carrying  capacity,
exacerbates fatigue, weakness, reduced
physical performance, and impaired
immune function, potentially delaying
recovery and compromising treatment
outcomes. Persistent anemia has also been
associated  with  sustained systemic
inflammation and poorer clinical prognosis,
particularly  among  patients  with
complicated tuberculosis [8].
Consequently, assessment of hemoglobin
status represents an important component
of comprehensive tuberculosis
management because it provides valuable
information regarding disease severity,
nutritional status, and patient prognosis [6].

Previous studies have demonstrated
considerable variation in hemoglobin
profiles among pulmonary TB patients.
Sulochana et al. [9], reported significant
hematological alterations during active
pulmonary tuberculosis, whereas Reddy
[10], observed variations in clinical and
hematological parameters among TB
patients depending on disease
characteristics. Likewise, Bashir et al. [7],
highlighted the important role of iron
indices in understanding anemia among
pulmonary tuberculosis patients, while
Amila and Sembiring [11], demonstrated
that improving nutritional intake may
contribute to increased hemoglobin
concentrations during TB treatment.
Collectively, these findings suggest that
hemoglobin status varies considerably
among pulmonary TB patients and is
influenced by multiple physiological and
clinical factors.

Although the association between
pulmonary tuberculosis and anemia has
been widely recognized, several important
research gaps remain. Most published
studies have focused primarily on the
mechanisms of anemia, iron metabolism, or
therapeutic interventions rather than
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providing descriptive evidence regarding
hemoglobin distribution among pulmonary
tuberculosis patients in hospital settings
[4][6]. Furthermore, studies describing
hemoglobin levels in different geographical
and clinical populations remain limited,
making it difficult to compare patient
characteristics across healthcare
institutions [9][10]. Hospital-based
descriptive studies are therefore needed to
provide baseline clinical information that
may support early identification and
management of anemia among pulmonary
TB patients.

Understanding hemoglobin levels
in pulmonary tuberculosis patients has
important clinical implications. Early
detection of reduced hemoglobin
concentrations may facilitate appropriate
nutritional assessment, improve supportive
management, and optimize patient
monitoring throughout anti-tuberculosis
therapy. In addition, characterizing
hemoglobin status may contribute to better
understanding of disease severity and
support individualized clinical decision-
making, particularly in resource-limited
healthcare settings [7][6].

Therefore, this study aims to
describe the hemoglobin levels of
pulmonary tuberculosis patients treated at
the hospital. The findings are expected to
provide baseline evidence regarding the
distribution of hemoglobin concentrations
among pulmonary TB patients and
contribute to the understanding of the
clinical implications of anemia in this
population.

Literature Review
Pulmonary Tuberculosis

Pulmonary tuberculosis (PTB) is a
chronic infectious disease caused by
Mycobacterium tuberculosis that primarily
affects the lungs and remains one of the
leading causes of morbidity and mortality
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from infectious diseases worldwide.
Transmission occurs through airborne
droplets released by infected individuals
during coughing, sneezing, or speaking.
Although  effective  anti-tuberculosis
treatment is available, delayed diagnosis,
prolonged treatment duration, poor
treatment adherence, and socioeconomic
inequalities continue to impede disease
control efforts [12][13]. Developing
countries continue to experience the highest
TB burden because of population density,
inadequate healthcare access, and limited
preventive measures [14][15].
Consequently, pulmonary tuberculosis
remains a major public health concern
requiring comprehensive clinical
management and continuous
epidemiological surveillance.

Pulmonary  tuberculosis  also
produces systemic manifestations beyond
pulmonary tissue damage. Persistent
infection triggers chronic inflammatory
responses that affect nutritional status,
hematological profiles, and immune
function. These systemic effects contribute
substantially to disease severity and clinical
prognosis, making laboratory evaluation an
essential component of patient assessment
[16][17].

Hemoglobin Physiology

Hemoglobin is the principal
oxygen-carrying metalloprotein contained
within  erythrocytes and plays a
fundamental role in maintaining tissue
oxygenation.  Structurally, hemoglobin
consists of four globin polypeptide chains,
typically two a-globin and two [B-globin
chains, each containing a heme group
capable of reversibly binding oxygen
molecules. Besides transporting oxygen
from the lungs to peripheral tissues,
hemoglobin also facilitates carbon dioxide
transport and contributes to acid-base
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balance, thereby supporting normal cellular
metabolism [18].

Normal hemoglobin concentrations
are essential for adequate tissue oxygen
delivery. Reduced hemoglobin levels
impair oxygen transport, resulting in tissue
hypoxia, fatigue, weakness, reduced
physical  capacity, and  diminished
physiological function. Therefore,
hemoglobin concentration is widely used as
a primary laboratory indicator for
diagnosing anemia and evaluating the
overall hematological status of patients
with chronic infectious diseases, including
pulmonary tuberculosis [18].

Anemia in Pulmonary Tuberculosis

Anemia is among the most
frequently reported hematological
complications in pulmonary tuberculosis
patients. The condition may present as
normocytic normochromic anemia,
microcytic hypochromic anemia, iron
deficiency anemia, or, less commonly,
autoimmune hemolytic anemia. The
pathogenesis is multifactorial, involving
chronic inflammation, nutritional
deficiencies, impaired erythropoiesis, and
altered iron metabolism [12][19].

Recent evidence has demonstrated a
significant relationship between anemia
and pulmonary tuberculosis. Liu et al.
(2026), through a bidirectional Mendelian
randomization study, suggested a causal
association between several types of
anemia and pulmonary tuberculosis,
indicating that hematological abnormalities
are not merely secondary manifestations
but may also influence disease progression.
Clinically, anemia has been associated with
prolonged recovery, increased disease
severity, and poorer treatment outcomes,
emphasizing the importance of routine
hemoglobin assessment in TB
management.
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Iron  Metabolism in
Tuberculosis

Iron is an essential micronutrient
required for erythropoiesis, oxygen
transport, cellular respiration, and immune
function. However, iron is also
indispensable for the survival and
replication of Mycobacterium tuberculosis.
Consequently, pulmonary tuberculosis
disrupts iron homeostasis through complex
interactions  between  host  defense
mechanisms and bacterial iron acquisition
strategies [7].

Alterations in iron metabolism
among TB patients are reflected by changes
in several laboratory parameters, including
hemoglobin concentration, serum iron,
ferritin, transferrin saturation, and total
iron-binding capacity. Bashir et al. [7],
demonstrated that these iron indices
provide  valuable information  for
differentiating iron deficiency anemia from
anemia of inflammation in pulmonary
tuberculosis patients. Likewise, Tupy and
Solovi¢ [20], reported that pre-existing iron
deficiency further aggravates
hematological abnormalities during active
tuberculosis, highlighting the importance of
evaluating iron status in conjunction with
hemoglobin levels.

Inflammation and the Role of Hepcidin

Chronic  inflammation is the
principal mechanism underlying anemia in
pulmonary tuberculosis. During active
infection, inflammatory cytokines stimulate
hepatic synthesis of hepcidin, the master
regulator of systemic iron homeostasis.
Increased hepcidin inhibits ferroportin-
mediated iron export from enterocytes and
macrophages, thereby reducing intestinal
iron absorption and limiting circulating iron
availability despite adequate body iron
stores [21][5].

The resulting functional iron
deficiency suppresses erythropoiesis and

Pulmonary
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contributes to anemia of chronic
inflammation. Hella et al. [5], demonstrated
that elevated hepcidin concentrations were
closely associated with anemia severity and
inflammatory activity among tuberculosis
patients. Furthermore, Kaushik et al. [22],
reported that reduced -circulating iron
concentrations accompanied by increased
inflammatory cytokine ratios represent a
host defense mechanism known as
nutritional  immunity, whereby iron
availability is intentionally restricted to
inhibit bacterial proliferation. While this
response limits microbial growth, it also
compromises hemoglobin synthesis and
erythrocyte production.

Previous Studies on Hemoglobin Levels
in Pulmonary Tuberculosis Patients

Numerous studies have documented
reduced hemoglobin concentrations among
patients with active pulmonary
tuberculosis. Sulochana et al. (reported in
related hematological investigations) and
Bashir et al. [7], consistently observed that
pulmonary TB patients frequently exhibit
lower hemoglobin concentrations
accompanied by abnormalities in iron
indices. These hematological disturbances
become more pronounced in patients with
severe disease or prolonged inflammatory
responses.

Similarly, Tupy and Solovi¢ [20],
found that anemia associated with
pulmonary tuberculosis presents
heterogeneous characteristics depending on
baseline iron status, whereas Hella et al. [5],
emphasized the role of inflammation-
mediated  hepcidin  regulation  in
determining anemia  severity. More
recently, Liu et al. [23], provided evidence
supporting a causal relationship between
anemia and pulmonary tuberculosis,
suggesting that hematological
abnormalities may influence disease
susceptibility and progression. Collectively,
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these findings indicate that hemoglobin
concentration 1s not only a routine
laboratory parameter but also an important
clinical indicator reflecting inflammatory
activity, nutritional status, iron metabolism,
and disease severity in pulmonary
tuberculosis patients.

RESEARCH METHODS
Study Design
This study employed a quantitative
descriptive research design using a cross-
sectional approach. The study was designed
to describe the hemoglobin levels of
patients  diagnosed with  pulmonary
tuberculosis at a single point in time
without examining causal relationships
between variables.
Study Setting and Period
The study was conducted in May
2025 at Toto Kabila Regional General
Hospital (RSUD Toto Kabila), Bone
Bolango Regency, Gorontalo Province,
Indonesia. Laboratory examinations were
performed in the Clinical Laboratory of the
hospital.
Population and Sample
The study population consisted of
pulmonary tuberculosis patients who
underwent treatment at RSUD Toto Kabila
during the study period. A total of 30
patients who met the inclusion criteria were
recruited as the study sample.
Inclusion Criteria
1. Patients diagnosed with pulmonary
tuberculosis.
2. Patients receiving anti-tuberculosis
treatment (OAT).
3. Patients willing to participate and
provide informed consent.
Exclusion Criteria
1. Patients with incomplete clinical or
laboratory data.
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2. Patients with hematological disorders
unrelated to pulmonary tuberculosis
that could affect hemoglobin levels.

Data Collection

Primary data were obtained through
venous blood collection from eligible
participants. Hemoglobin concentration
was measured using an automated
hematology analyzer according to the
standard operating procedures of the

Clinical Laboratory at RSUD Toto Kabila.

Demographic characteristics, including age

and sex, together with information

regarding anti-tuberculosis treatment and
iron supplementation, were collected from
medical records and patient interviews.

Study Variables

The primary variable investigated in
this study was the hemoglobin level of
pulmonary tuberculosis patients.

Supporting variables included age, sex,

anti-tuberculosis treatment status, and iron

supplementation.

Data Analysis

Data were analyzed descriptively
using statistical software. Categorical
variables were presented as frequencies and
percentages, whereas continuous variables
were summarized using the minimum
value, maximum value, mean, and standard
deviation. The results were presented in
tables to describe the distribution of
hemoglobin levels among pulmonary
tuberculosis patients.

RESEARCH RESULT
Respondent Characteristics
A total of 30 patients with
pulmonary tuberculosis participated in this
study. The distribution of respondents by
sex is presented in Table 1.
Table 1. Distribution of Respondents by

Sex

Sex Frequency (n) Percentage (%)
Male 17 56.7
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Female 13 433
Total 30 100.0

Source: Primary Data, 20235.
As shown in Table 1, the majority of

respondents were male (56.7%), while
43.3% were female.
Distribution of Hemoglobin Levels
The distribution of hemoglobin
levels among pulmonary tuberculosis
patients is presented in Table 2.
Table 2. Distribution of Hemoglobin

Levels
Hemoglobin Frequency Percentage
Category (n) (%)

Severe anemia 2 6.7
Moderate anemia 19 63.3

Mild anemia 2 6.7

Normal 7 23.3

Total 30 100.0

Source: Primary Data, 2025.

Table 2 demonstrates that moderate
anemia was the most common hemoglobin
abnormality, affecting 19 patients (63.3%).
Only 7 patients (23.3%) had normal
hemoglobin levels. Severe anemia and mild
anemia were each observed in 2 patients
(6.7%), indicating that anemia was
prevalent among pulmonary tuberculosis
patients included in this study.
Distribution of Hemoglobin Categories
According to OAT Treatment and Iron
Supplementation

Table 3. Distribution of Hemoglobin
Categories by Anti-Tuberculosis Treatment

(OAT)
Hemoglobin  Receiving Not Total
Category OAT Receiving

OAT

Severe 2 0 2
anemia
Moderate 19 0 19
anemia
Mild anemia 2 0 2
Normal 7 0 7
Total 30 0 30

Table 4. Distribution of Hemoglobin
Categories by Iron Supplementation
https://journals.ubmg.ac.id/index.php/JHTS
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Hemoglobi Iron No Iron Tota

n Category Suppleme  Suppleme 1
nt nt

Severe 0 2 2

anemia

Moderate 0 19 19

anemia

Mild 0 2 2

anemia

Normal 5 2 7

Total 5 25 30

Source: Primary Data, 2025.

All respondents (100%) were
receiving anti-tuberculosis drug (OAT)
therapy during the study period. Regarding
iron supplementation, only 5 respondents
(16.7%) reported taking iron supplements,
whereas 25 respondents (83.3%) did not
receive iron supplementation. None of the
patients with severe or moderate anemia
reported consuming iron supplements. Iron
supplementation was observed only among
patients with normal hemoglobin levels.
Descriptive Statistics

The descriptive statistics of the
study variables are presented in Table 5.

Table 5. Descriptive Statistics
Variabl N Mini Maxi Me Stand

e mum mum an ard
Devia
tion

Sex 3 1 2 1.4 0.504

0 3

Age 3 20 72 47.  18.82

(years) O 17

Hemogl 3 7.3 14.2 10. 1.96

obin 0 09

(g/dL)

Source: Primary Data, 2025.

The mean age of the respondents
was 47.17 £ 18.82 years, with ages ranging
from 20 to 72 years, indicating that most
participants were adults to older adults. The
mean hemoglobin concentration was 10.09
+ 1.96 g/dL, with values ranging from 7.3
g/dL to 14.2 g/dL. The average hemoglobin
level was below the normal reference value
for adults, indicating that anemia was
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common among pulmonary tuberculosis
patients treated at RSUD Toto Kabila.

DISCUSSION
Characteristics of
Tuberculosis Patients

This study found that the majority
of pulmonary tuberculosis (TB) patients
were male (56.7%), while females
accounted for 43.3% of the respondents.
This finding is consistent with global
epidemiological evidence indicating that
pulmonary TB is generally more prevalent
among men than women. The higher
incidence among males has been associated
with greater exposure to environmental and
occupational risk factors, smoking habits,
delayed healthcare-seeking behavior, and
biological differences influencing immune
responses to Mycobacterium tuberculosis
[1][3][2]. The predominance of male
patients observed in this study therefore
reflects the demographic pattern commonly
reported in countries with a high TB
burden, including Indonesia.

The mean age of respondents was
47.17 + 18.82 years, ranging from 20 to 72
years, indicating that pulmonary TB
predominantly affected adults and older
adults. Individuals within this age group are
generally more vulnerable to chronic
infectious diseases because aging is
associated with gradual deterioration of
immune function, increased prevalence of
comorbidities, and nutritional deficiencies.
These conditions may contribute not only to
TB susceptibility but also to hematological
abnormalities, including decreased
hemoglobin levels.
Hemoglobin Levels Among Pulmonary
Tuberculosis Patients

The principal finding of this study
was the high prevalence of anemia among
pulmonary TB patients. Moderate anemia
was the most frequent condition (63.3%),
while only 23.3% of patients had normal
hemoglobin concentrations. Furthermore,
the mean hemoglobin level was 10.09 +

Pulmonary
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1.96 g/dL, which is below the normal
reference range for healthy adults. These
findings indicate that anemia remains one
of the most common hematological
manifestations in pulmonary tuberculosis.

The occurrence of anemia in
pulmonary TB is biologically plausible
because chronic infection induces a
sustained inflammatory response that
interferes with erythropoiesis and iron
metabolism.  During TB infection,
inflammatory cytokines stimulate hepatic
production of hepcidin, the principal
regulator of systemic iron homeostasis.
Elevated hepcidin suppresses intestinal iron
absorption and inhibits iron release from
macrophages, resulting in reduced iron
availability for erythropoiesis despite
adequate iron stores. Consequently,
hemoglobin synthesis decreases, leading to
anemia of inflammation [4][6][5].

In addition to inflammation,
Mycobacterium tuberculosis competes with
the host for iron, an essential micronutrient
required for bacterial survival and
proliferation. This competition further
disrupts iron metabolism and contributes to
functional iron deficiency. Bashir et al. [7],
reported that pulmonary TB patients
frequently exhibit abnormalities in serum
iron indices, including reduced serum iron
concentrations and altered ferritin levels,
supporting the role of disturbed iron
homeostasis in the development of anemia.
Therefore, the predominance of moderate
anemia observed in the present study likely
reflects the combined effects of chronic
inflammation, impaired erythropoiesis, and
dysregulated iron metabolism.

The present findings are also
consistent with previous studies. Sulochana
et al. [9], demonstrated that hematological
abnormalities,  particularly  decreased
hemoglobin levels, are common among
pulmonary TB patients. Similarly, Reddy
[10], reported that anemia frequently
accompanies pulmonary tuberculosis and is
associated with the overall clinical
condition of affected patients. Moreover,
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Hella et al. [5], found that inflammatory
activity and increased hepcidin
concentrations were strongly associated
with anemia among individuals with
tuberculosis. Collectively, these studies
support the present finding that reduced
hemoglobin concentration is a common
clinical manifestation of pulmonary TB.
Hemoglobin Levels in Relation to Anti-
Tuberculosis Therapy and Iron
Supplementation

All respondents in this study were
receiving anti-tuberculosis drug (OAT)
therapy, indicating that anemia persisted
despite ongoing pharmacological
treatment. This finding suggests that
successful control of Mycobacterium
tuberculosis infection alone may not
immediately normalize hemoglobin levels
because inflammatory pathways and
impaired iron metabolism may continue
during treatment. Cercamondi et al. [4],
demonstrated that disturbances in iron
homeostasis often persist throughout the
inflammatory phase of tuberculosis and
gradually improve as inflammation
resolves.

Another important finding was that
only 16.7% of respondents reported taking
iron supplements, whereas the majority of
patients (83.3%) did not receive iron
supplementation. Interestingly, none of the
patients with severe or moderate anemia
consumed iron  supplements.  This
observation may reflect cautious clinical
practice because routine iron
supplementation during active tuberculosis
remains controversial. Excessive iron
supplementation may increase iron
availability for Mycobacterium
tuberculosis, potentially promoting
bacterial survival if provided without
careful clinical evaluation [6].

Current evidence indicates that iron
supplementation in TB patients should be
individualized according to iron status
rather than administered routinely.
Functional iron deficiency caused by
inflammation differs from absolute iron
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deficiency; therefore, indiscriminate iron
supplementation may not effectively
correct anemia and may even increase
infection-related risks. Bashir et al. [7],
emphasized that comprehensive assessment
of iron indices is essential before initiating
iron therapy in patients with pulmonary
tuberculosis.

Clinical Implications

The high prevalence of anemia
observed in this study highlights the
importance of routine hematological
assessment among pulmonary tuberculosis
patients. Hemoglobin measurement
provides valuable clinical information
regarding disease severity, nutritional
status, inflammatory burden, and treatment
monitoring. Persistent anemia has been
associated with delayed recovery, impaired
physical function, reduced quality of life,
and unfavorable treatment outcomes [8].

Considering that the average
hemoglobin concentration in this study
remained below the normal reference value,
comprehensive management of pulmonary
TB should extend beyond antimicrobial
therapy. Nutritional assessment, evaluation
of iron metabolism, and periodic
monitoring of hemoglobin concentrations
should be integrated into routine TB care to
facilitate  early  identification  and
management of anemia. Such an approach
may improve clinical recovery, enhance
treatment response, and reduce the risk of
complications among pulmonary
tuberculosis patients.

Overall, the present findings
strengthen previous evidence that anemia is
a common hematological complication of
pulmonary tuberculosis and is closely
associated with chronic inflammation and
disrupted iron metabolism. The
predominance of moderate anemia among
patients treated at RSUD Toto Kabila
emphasizes the need for comprehensive
clinical evaluation and appropriate
management of hematological
abnormalities as part of integrated
tuberculosis care.
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CONCLUSION
This study demonstrated that

anemia 1is a common hematological
abnormality among pulmonary tuberculosis
patients treated at Toto Kabila Regional
General Hospital. Moderate anemia was the
predominant finding, affecting 63.3% of
patients, while the mean hemoglobin
concentration (10.09 + 1.96 g/dL) was
below the normal reference range,
indicating that most patients experienced
reduced hemoglobin levels  despite
receiving anti-tuberculosis therapy.

These findings support previous
evidence that chronic inflammation and
disrupted  iron  metabolism  during
tuberculosis contribute substantially to
decreased hemoglobin concentrations. The
high prevalence of anemia highlights the
importance of incorporating routine
hemoglobin assessment into tuberculosis
management to enable early detection,
appropriate nutritional evaluation, and
individualized supportive care.

Future studies with larger sample
sizes and analytical study designs are
recommended  to investigate  the
determinants of anemia among pulmonary
tuberculosis patients, including
inflammatory biomarkers, iron status,
nutritional factors, disease severity, and
treatment outcomes.

REFERENCES

[1] T. Kurasawa, “[Epidemiology of
tuberculosis in the world and
Japan].,” Nihon Rinsho., vol. 69, no.
8, pp. 1351-1355, 2011, [Online].
Available:
https://www.scopus.com/inward/rec
ord.uri?eid=2-s2.0-
80053443939&partnerID=40&md5
=9¢39588b2504911268d306f4c4649

https://journals.ubmg.ac.id/index.php/JHTS

126



Muzdalifa Bata®, Marlia®, Tri Sutriani Syam®

Description Of Hemoglobin Levels In Pulmonary Tuberculosis Patients At The Toto Kabila Region Al
General Hospital (Rsud), Bone Bolango District

32f
[2] X. Xiong and F. Zhong, “Global,
Regional, and National Burden and [8]

Trends of Tuberculosis Among
Children and Adolescents From
1990 to 2021: A Comparative
Analysis of Drug-Susceptible and
Multidrug-Resistant ~ Tuberculosis
With  Projections to  2045,” J.
Paediatr. Child Health, vol. 62, no. [9]
1, pp. 23-34, 2026, doi:
10.1111/jpc.70227.

[3] D. Gninafon, B. Li, X.-W. Zhao, and
Q.-Y. Xiu, “Worldwide trends in
epidemiology and control of
tuberculosis,” Acad. J. Second Mil.
Med. Univ., vol. 27, no. 3, pp. 303— [10]
310, 2006, [Online]. Available:
https://www.scopus.com/inward/rec
ord.uri?eid=2-s2.0-
33645472669 &partnerID=40&md5
=b33d6cf2b6c9887f261e1b4273e38
f5b

[4] C. 1. Cercamondi et al., “Iron
homeostasis during anemia of
inflammation: a prospective study of
patients with tuberculosis,” Blood, [11]
vol. 138, no. 15, pp. 1293-1303,
2021, doi:
10.1182/blood.2020010562.

[5] J. Hella et al, “Anemia in
tuberculosis cases and household
controls from Tanzania:
Contribution of disease,
coinfections, and the role of [12]
hepcidin,” PLoS One, vol. 13, no. 4,
2018, doi:
10.1371/journal.pone.0195985.

[6] A. Nienaber, M. A. Uyoga, R. C.
Dolman-Macleod, and L. Malan,
“Iron Status and Supplementation

during Tuberculosis,”
Microorganisms, vol. 11, no. 3,
2023, doi: [13]

10.3390/microorganisms11030785.

[71 B. A. Bashir et al., “Role of Iron
Indices in Anemia in Patients With
Pulmonary Tuberculosis,”
Interdiscip. Perspect. Infect. Dis.,

E-ISSN: 2746-167X, Vol. 7, No. 2, June. 2026 — pp.118-128

Journal of Health, Technology and Science (JHTS)

vol. 2025, no. 1, 2025, doi:
10.1155/ipid/2583917.

F. O. Demitto et al., “Impact of
Persistent Anemia on Systemic
Inflammation and Tuberculosis
Outcomes in Persons Living With
HIV,” Front. Immunol., vol. 11,
2020, doi:
10.3389/fimmu.2020.588405.

S. Sulochana, V. Subhashini, and C.
Srinivasan, “Pulmonary tuberculosis
- A prospective analysis of
hematological changes,” Asian J.
Pharm. Clin. Res., vol. 11, no. 4, pp.
169-172, 2018, doi:
10.22159/ajper.2018.v11i4.23177.
N. M. Reddy, “Studies on clinical
parameters of patients suffering from
pulmonary tuberculosis,” J. Pure
Appl. Microbiol., vol. 9, no. 1, pp.
797-801, 2015, [Online]. Available:
https://www.scopus.com/inward/rec
ord.uri?eid=2-s2.0-
84930016198&partnerID=40&md5
=cce03ec2cdf9304250979f7£fd7100
912

E. Sembiring, “THE EFFECT OF
BEETROOT BISCUITS (Beta
vulgaris) ON THE HEMOGLOBIN
LEVEL OF PATIENTS WITH
PULMONARY TUBERCULOSIS,”
Indones. J. Public Heal., vol. 16, no.
I, pp. 43-55, 2021, doi:
10.20473/ijph.v16i11.2021.43-55.

B. Liu, L. Liu, L. Li, G. Li, and Y.
Liu, “Pulmonary Tuberculosis,” in
Radiology  of  Infectious and
Inflammatory Diseases - Volume 3:
Heart and Chest, The 2nd Affiliated
Hospital of Harbin Medical
University, Harbin, China: Springer
Nature, 2023, pp. 169-194. doi:
10.1007/978-981-99-4614-3 _16.

F. A. H. Mejbel, I. A.J. Aljanaby, K.
K. Al Hadrawi, and A. A. .
Aljanaby, “Pulmonary tuberculosis
risks and challenges,” in E3S Web of
Conferences, R. D.V., O. A.V., P.
EN.,, and O. M.Yu., Eds,
https://journals.ubmg.ac.id/index.php/JHTS

127



Muzdalifa Bata®, Marlia®, Tri Sutriani Syam®

Description Of Hemoglobin Levels In Pulmonary Tuberculosis Patients At The Toto Kabila Region Al
General Hospital (Rsud), Bone Bolango District

[14]

[15]

[16]

[17]

[18]

E-ISSN: 2746-167X, Vol. 7, No. 2, June. 2026 —pp.118-128

Department of Biology, Faculty of
Science, Unilversity of Kufa, Iraq:
EDP Sciences, 2023. doi:
10.1051/e3sconf/202338101101.

M. Ulfa, W. Purnomo, and R.
Indawati, “Factors that affect on the
event of lung TB in Jati Kudus health
center,” Indian J. Forensic Med.
Toxicol., vol. 15, no. 1, pp. 1254
1259, 2021, doi:
10.37506/1jfmt.v1511.13588.

C. Xu and H. Luo, “Risks of
Tuberculosis Prevention and
Control,” in Prevention and Control
of Infectious Diseases in BRI
Countries, Chinese Center for
Disease Control and Prevention,
Beijing, China: Springer Singapore,
2021, pp. 63-70. doi: 10.1007/978-
981-33-6958-0 5.

S. Popovi¢ Grle, J. Tekavec-
Trkanjec, M. Alilovi¢, and V.
Katalini¢-Jankovic, “Pulmonary
tuberculosis,” Infektoloski Glas.,
vol. 33, no. 2, pp. 65-71, 2013,
[Online]. Available:

https://www.scopus.com/inward/rec
ord.uri?eid=2-s2.0-

84921987273 &partnerID=40&md5
=61cc282faf10544b28b7de84b8bc9
62e

S. Ramadhany, H. Achmad, M. F.
Singgih, Y. F. Ramadhany, N. H.
Inayah, and N. Mutmainnah, “A
review: Knowledge and attitude of
society toward tuberculosis disease
in soppeng district,” Syst. Rev.
Pharm., vol. 11, no. 5, pp. 57-62,
2020, doi: 10.31838/srp.2020.5.10.
S. Planeta, D. Bartusik-Acbisher,
and D. Aebisher, “Hemoglobin,” in
The Biochemical Guide to Proteins,
Medical College of The University
of Rzeszow, Rzeszow, Poland: Nova
Science Publishers, Inc., 2023, pp.
117-121.  [Online].  Available:
https://www.scopus.com/inward/rec
ord.uri?eid=2-s2.0-
85163602646&partnerID=40&md5

Journal of Health, Technology and Science (JHTS)

[19]

[20]

[21]

[22]

[23]

=ddb24acefbb4fcd9304afdde26446
187

R. Al-Taweel, D. Burshaid, and S.
Al-Turky, “Pulmonary tuberculosis
associated with autoimmune
hemolytic anemia,” Bahrain Med.
Bull., vol. 39, no. 3, pp. 187-188,
2017, doi: 10.12816/0047642.

J. Tupy and I. Solovi¢, “Anemia
associated with tuberculosis —
characteristics under conditions of
initial iron deficiency,”  Stud.
Pneumol. Phthiseologica, vol. 82,
no. 1, pp. 4-12, 2022, [Online].
Available:
https://www.scopus.com/inward/rec
ord.uri?eid=2-s2.0-
85170391186&partnerID=40&md5
=89dffe0ffffcb7fd93a74686d820a0
5c

M. Kaplan et al, “Serum
prohepcidin in pulmonary
tuberculosis,” Hematology, vol. 14,
no. 4, pp. 245-248, 2009, doi:
10.1179/102453309X439764.

S. R. Kaushik et al, “Low
circulatory Fe and Se levels with a

higher IL-6/IL-10 ratio provide
nutritional immunity in
tuberculosis,” Front. Immunol., vol.
13, 2023, doi:

10.3389/fimmu.2022.985538.

L. Fu et al., “Global, Regional, and
National Burden of Tuberculosis
Among Children: A Population-
Based Study,” Trop. Med. Infect.
Dis., vol. 11, no. 2, 2026, doi:
10.3390/tropicalmed11020043.

https://journals.ubmg.ac.id/index.php/JHTS

128



