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ABSTRACT

Obijective: The present study aimed to determine the frequency of anemia in patients with
pulmonary TB presenting at Nishtar Hospital Multan and its classification as per the
severity and morphological characteristics.

Methods: This retrospective cross-sectional study was conducted at Nishtar Hospital
Multan. A total of 109 TB patients were enrolled and underwent physical and systemic
examination. Blood samples were collected to estimate complete blood counts (CBC), liver
and renal function tests (LFT; RFT), serum albumin, and C - reactive protein (CRP) levels.
Abdominal ultrasound was performed when suspected of any organomegaly. Hemoglobin
was estimated using an automated analyzer (SYSMEX-SP100) and repeated manually
among doubted cases. Before inclusion, written informed consent was obtained from all
patients before inclusion.

Results: The female majority (54%) in the studied sample, with a mean age of 38 + 15.3
years, and most belonged to low socioeconomic status (80%). Moreover, 43% were from
Multan, 30% from D.G. Khan, and the remaining were from Khanewal, Layyah, and
Vehari districts. Anemia was found in 82.56% of the enrolled TB patients. Most patients
were moderately weak (Hb < 10 g/dl > 7 g/dl), and microcytic anemia was found in more
than 80% of the anemic patients.

Conclusion: In our study, anemia was prevalent in TB patients, specifically microcytic
anemia. Hence, TB patients must be monitored for dietary deficiencies and inflammatory
modulators to avoid such complications.

Keywords:Tuberculosis, Anemia, Iron Deficiency Anemia, Anemia of Inflammation
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1. INTRODUCTION

Tuberculosis is a potentially severe
infection caused by Mycobacterium
tuberculosis. TB has been known to infect
humans and affects millions of people.
With increased efforts to enhance TB care
and management, significant progress has
been made in reducing the global burden of
TB, yet this disease remains a primary
global health concern. According to a
Global Tuberculosis report published by
World Health Organization (WHO),
around 10 million people developed TB in
2017, TB remained one of the top 10
diseases causing death and the most
infection-causing death'. The report also
states that almost one-third population of
the world is infected by Mycobacterium
tuberculosis, with approximately 8.8
million new cases annually®.

It is recognized as a disease of
resource-poor countries®®. Although the
actual statistics of TB in Pakistan are
difficult to state due to underreporting of
cases, in 2011, the approximate incidence
and prevalence rates of TB in Pakistan
were reported to be 231 and 364 per
100,000  population,  respectively®*.
According to WHO, Pakistan stands fifth
among countries with the highest burden of
TB worldwide, accounting for 61% of the
total burden of WHO  Eastern
Mediterranean Region®. We encounter an
estimated 510,000 new cases of TB each
year, and approximately 15,000 develop
drug resistant TB*>®. Theleading primary
causes for the severity of TB, as declared
by WHO, are social inequality, aging, and
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a large flow of migration.

Along with this, the risk factors
associated with TB include smoking,
diabetes mellitus, alcoholism, malnutrition,
any previous history of TB,and low
socioeconomic status®’. People with poor
immunity are at the highest risk of
developing TB. Chronic inflammation in
pulmonary TB is mainly reflected by the
increased circulating C-reactive protein
(CRP) and other inflammatory
cytokines’.Two interactions have also been
identified within the association between
TB and malnutrition. These include the
effect of TB on the status of nutrition and
the effect of malnutrition on the clinical
manifestation of TB. Both these
interactions result due to immunological
impairment in TB'.

Studies suggest that iron homeostasis
disturbance may also be developed when
there is an increase in the uptake and
retention of iron in the reticuloendothelial
system that gets altered or damaged due to
chronic infections like TB®. Because iron is
a crucial growth factor for Mycobacterium
TB, iron retention in the reticuloendothelial
system is regarded as one of the host's
defense systems, and numerous treatment
studies have been conducted®.

Anemia, a common diagnosis among
TB patients, results from iron deficiency
anemia (IDA) or inflammation; thereported
prevalence in TB ranges between 32%-
86%°.Anemia can be defined as the
concentration of hemoglobin that is less
than 13g/dl in males and 12g/dl in females,
as recommended by WHO® At the same
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time, the resolution of anemia is defined as
the concentration of hemoglobin more
significant than 13 g/dl in males and 12 g/dlI
in females, with follow-up of two tests
being done more than a month apart®.One
of the most common micronutrient
deficiencies in the world is iron deficiency.
Many studies have been conducted to
evaluate the association between serum
iron levels and IDA%. IDA is associated
with serum ferritin levels of < 30 ng/mlg,
while in certain malignancies, chronic
infections, and autoimmune diseases,
serum ferritin levels also increases™.
However, serum transferrin saturation
values drop in these two types of anemia**.
Anemia increases lethality among TB
patients?and  is  associated  with
unfavorable outcomes'*. Furthermore, it is
more frequent among patients with HIV-
TB than those without HIV.

IDA and anemia due to chronic disease
are considered the most common type of
anemia, characterized by distorted
metabolism of iron*®. Studies also suggest
that IDA can result due to chronic blood or
urinary losses, poor intake or absorption of
iron, and elevated blood volume®. Patients
with IDA have decreasediron plasma
levels, ultimately limiting erythropoiesis.
Studies suggest that infants and women of
childbearing age have a high risk of
developing IDA™. Studies suggest that
with anti-TB therapy, the inflammation
reduces along with the burden of the
organism, iron retention, erythropoietin
response, nutritional  status, and
improvement in malabsorption. This may
explain why a positive treatment response
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indicated a for anemia

remission®®,

proclivity

Just as IDA, anemia of chronic disease
or inflammation is a clinical syndrome
characterized by anemia due to fungal,
bacterial, or viral infectious diseases. These
autoimmune diseases include tuberculosis,
inflammatory, autoimmune, and neoplastic
diseases'?.Anemia of chronic disease or
inflammation is characterized by the
association of decreased levels of serum
iron and its binding capacity, along with
elevated levels of ferritin'?.

To date, few studies have identified the
association of anemia with a deficiency of
iron or chronic disease or inflammation in
patients with active TB. The present study
aimed to determine the frequency of
anemia in patients with pulmonary TB and
its classification per severity and
morphological characteristics.

2. METHODOLOGY

The hospital ethical review committee
granted the ethical approval for the study
[R.No0.7313 dated 25/03/2019], and written
informed consent was obtained from all
patients before inclusion.

This  retrospective  cross-sectional
study was conducted in theDepartment of
Medicine presenting at Nishtar Hospital,
Multan. Of the TB patients presenting at
the study site, 127 were enrolled. All TB
patients aged 18 to 70 years were eligible,
while patients with autoimmune diseases,
hematological and other malignancies were
excluded from the study.
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A physical and systemic examination
was carried out, a respiratory system
examination was done thoroughly, and the
abdomen was palpated for organomegaly.
The precordium examination was carried
out for any murmurs, added sounds, etc.
Blood samples were collected to estimate
complete blood counts (CBC), liver and
renal function tests (LFT; RFT), serum
albumin, and CRP level. In case of any
organomegaly, abdominal ultrasound was
performed. An automated analyzer
(SYSMEX-SP100) was used  for
hemoglobin estimation, and in doubted
cases, Hemoglobin (Hb) was repeated via
manual method.

Statistical analysis was performed on
SPSS wversion 22.0, and frequency and
percentages were calculated for categorical
variables. Mean and standard deviation was
used for presentingcontinuous variables.

3. RESULTS

Out of 109 TB patients, 59(54%)
patients were females, and 50(46%) were
males. The mean age was 38 + 15.3 years,
and most patients had low socioeconomic
status (80%).

Furthermore, 27% were ex-smokers,
and 24% were current smokers. Based on
the geographical distribution, 43% of the
patients belonged to Multan, 30% from
D.G. Khan, 18% from Khanewal, 6% from
Layyah, and 3% fromVehari districts.

Among the total anemic patients,
29(32.3%) were classified as mild anemic,
48(53.3%) were moderately anemic, and
13(14.4%) were severely anemic.
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Stratification of anemic patients with
respect to gender is shown in table 1.

Table 1: Classification and gender-wise
distribution of the patients with respect to
anemia (in %)

Variables Total Males Females
mgdmia 29(32.3) 15(37.5) 14(28)
Qﬂnﬁfnei;ate 48(53.3) | 19(475) | 29(58)
iggfr:; 13(14.4) | 06(15) | 07(14)

Source: Author’s Own Calculation

Of the total, 90 (82.56%) patients were
found anemic. Furthermore, more female
patients had hemoglobin levels below 11.5
g/dl (84.74%) than males (80%) (Figure 1).

Patients
without
Anemia,
17.43%

Patients with
Anemia,
82.56%

Figure 1: Frequency of anemia among
enrolled TB patients

Most of these anemic patients had
microcytic anemia (83.20%), followed by
normocytic and macrocytic anemia
(Figure2).
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Macrocyti...| 5.60%

Normocyt..  11.20%

Microcyti. .. 83.20%
Figure2: Anemia based on Mean

corpuscular volume (MCV)

We observed raised CRP in 70% of
these patients, and 80% had low serum
albumin,  reflecting  malnutrition.
Moreover, the platelet count was
normal in 75% of patients, 15% had
thrombocytopenia, and 10% were
observed with thrombocytosis.

The white cell counts were normal
in 78% of the enrolled cases. At the
same time, 13% and 9% developed
leukocytosis and leucopenia,
respectively. Only two patients
presented with hemolytic anemia.

4. DISCUSSION

In this study, we found anemia in
82.56% of the total pulmonary TB patients,
which is comparatively higher than that
reported in studies from South Korea
(32%) and Indonesia (63%)'". At the
same time, studies from Tanzania and
Malawi reported a higher prevalence of
anemia than in the present study, i.e., 96%
and 88%, respectively**°.

Furthermore, we found it more
frequent among women than men. Similar
studies suggest that 80% of their TB-
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affected females were anemic®’. A study by
Oliveria et al. ' also suggests that
pulmonary TB is most common in young
adult males, with associated factors of
alcoholism, smoking, drug intake, and
HIV. TB is considered the most devasting
disease in the elderly, with atypical,
nonspecific, or confused clinical features
and already existing diseases'’. Studies
suggest that in such elderly patients of TB,
antitubercular chemotherapy is mainly
associated with adverse effects™>*®. Results
evaluated from different studies suggest
that the iron-retention effect might also be
exaggerated in females with TB. This
happens because women are more likely to
be iron deficient as compared to men, also
defined by existing literature®’.

CharacterizingTB-associated anemia
factors is essential for clinical decision-
making and therapeutic recommendations.
Iron deficiency causes most anemia
worldwide. Several causes often coexist.
Suppose iron deficiency is a major cause of
TB-related anemia. In that case,
supplemental iron may be administered to
TB patients on a case-by-case basis to
increase hemoglobin levels and improve
clinical outcomes. Iron deficiency without
anemia can impair immune function and
infection regulation, which may accelerate
tuberculosis  disease  progression’>*.
Anemia without iron shortage has been
linked to TB recurrence, mortality, and
HIV disease progression, suggesting that

factors other than iron deficiency
contribute to poor clinical outcomes.™.
In this study, nearly 80% of
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participants came from low-income
families, supporting the link between TB
and poverty. Most patients'
hypoalbuminemia  strengthens  TB's
association with poverty and malnutrition.
These patients had ordinary white cell
counts, although 13% had leukocytosis and
9% had leucopenia. 15%  had
thrombocytopenia, and 10%  had
thrombocytosis.

Banerjee et al. found leukocytosis in
28.63% of TB patients, leucopenia in
2.20%, neutrophilia (66.15%),
lymphocytosis (21.53%), thrombocytosis
(17.62%), and thrombocytopenia in
5.28%9. Anemia-related TB patients had
changed LFT and RFT values as well as
CBC. Most subjects had elevated CRP and
low serum albumin. Similar investigations
found hypoalbuminemia™®®, higher CRP*,
and lower BMI in TB patients with anemia
compared to non-anemic*?. CRP may
indicate therapy efficacy and inflammation
remission.

With antituberculosis treatment, CRP
levels return to normal*®. Most proteins are
also higher in TB patients. These proteins
include transferrin and hemoglobin®
concentrations. In anemic TB patients,
transferrin ~ decreases  and  ferritin
increases®. Protein concentration is crucial
as ferritin is the most sensitive in non-
inflammatory situations. It is essential for
diagnosing iron deficiency®. In patients
with TB, ferritin levels can indicate both
iron deficiency and increased ferritin®, so
they should be used -cautiously. The
decreased MCV and high prevalence of
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microcytic anemia (83.20%) among
recruited TB cases suggest that dietary iron
shortage or inflammatory metabolic
changes may cause anemia in TB patients.
Due to lower bone marrow iron
availability, anemic patients produce more
megakaryocytes with higher ploidy, which
release more platelets than lower-ploidy
ones®,

While the study was retrospective, we
could not analyze certain more precise
factors for studying the etiologies of
anemia, i.e., the present data needs to be
more sufficient to separate IDA or anemia
owing to inflammation or other probable
causes. Although TB/HIV co-existence is
crucial, patients were not checked for HIV.
We couldn't use all required indicators to
distinguish IDA from chronic illness or
inflammation-related anemia.

5. CONCLUSION

In conclusion, most TB patients have
primarily microcytic anemia, which must
be treated immediately. All anemic TB
patients must be tested for total iron-
binding capacity, serum ferritin, transferrin
saturation, folate, and vitamin B12. TB
patients must be checked for HIV;
however, this study did not investigate this.
A peripheral smear of anemic patients
could provide crucial  prognostic
information. More extensive studies with
more parameters for a precise diagnosis are
recommended.

REFERENCES.

Volume 4, Issue 1, 2023



Anemia in Patients with Pulmonary Tuberculosis

McAllister SM, Koesoemadinata RC,
Santoso P, Soetedjo NN, Kamil A,
Permana H et al. High tuberculosis
incidence among people living with
diabetes in Indonesia. Trans R Soc
Trop Med Hyg 2020;114(2):79-85.
Qadeer E, Fatima R, Yagoob A,
Tahseen S, Hag MU, Ghafoor A, et al.
Population based national tuberculosis
prevalence survey among adults (> 15
years) in Pakistan, 2010-2011. PloS
one. 2016 Feb 10;11(2):e0148293.
https://doi.org/10.1371/journal.pone.0
148293.

Lewinsohn DA, Heinzel AS, Gardner
JM, Zhu L, Alderson MR, Lewinsohn
DM. Mycobacterium tuberculosis—
specific CD8+ T cells preferentially
recognize heavily infected cells. Am J
Respir Crit Care Med 2003 Dec
1;168(11):1346-1352.
https://doi.org/10.1164/rccm.200306-
8370C.

Kanji Sl. Tuberculosis: Moving from
cure to prevention in Pakistan.
IJEHSR.2015;3(3):27-30.
https://doi.org/10.29052/1JEHSR.v3.i3.2
015.27-30

Unar AA, Dayo A, Ghoto MA,
Unar K, Khokhar MA. Evaluation
of treatment outcomes and adverse
effects of drug-resistant
tuberculosis patients at Larkana and
Sukkur tuberculosis centres. Pak J
of Phys. 2020;16(2):17-20.

Batool R, Imran M, Kandhro AH,
Salahuddin N, Uddin MKH.
Resistance Patterns among Multidrug-

Medical Journal of South Punjab (MJSP)

10.

11.

12.

|8

Resistant Tuberculosis Patients: A
Multi-Center Study from Pakistan.
IJEHSR.2017;5(4):07-11.
http://dx.doi.org/10.29052/1JEHSR.v5
14.2017.07-11

Walzl G, McNerney R, du Plessis N,
Bates M, McHugh TD, Chegou NN, et
al  Tuberculosis: advances and
challenges in development of new
diagnostics and biomarkers. Lancet Inf
Dis. 2018 Jul 1;18(7):e199-210.
http://dx.doi.org/10.1016/S1473-
3099(18)30111-7.

Banerjee M, Chaudhary BL, Shukla S.
Hematological Profile among
Pulmonary Tuberculosis Patients in
Tertiary Care Hospital. Int. J.
Bioassays. 2015;4(5): 3900-3902.

Matiukha L, Perig |. Expenditure of
iron  deficiency  screening  in
adolescents by determination of blood
ferritin. Pol Univ  Sci J.
2022;47(4):151-7.

Tacke F, Nuraldeen R, Koch A,
Strathmann K, Hutschenreuter G,
Trautwein C et al Iron Parameters
Determine the Prognosis of Critically
Il Patients. Crit Care Med.
2016;44(6):1049-
1058.https://doi.org/10.1097/ccm.000
0000000001607

Johnson-Wimbley TD, Graham DY.
Diagnosis and management of iron
deficiency anemia in the 21st century.
Therap Adv Gastroenterol 4, 177-184
Kwon Y-S, Kim YH, Song J-U, Jeon
K, Song J, Ryu Y/, et al. Risk Factors
for Death during Pulmonary

Volume 4, Issue 1, 2023


https://doi.org/10.1371/journal.pone.0148293
https://doi.org/10.1371/journal.pone.0148293
https://doi.org/10.29052/IJEHSR.v3.i3.2015.27-30
https://doi.org/10.29052/IJEHSR.v3.i3.2015.27-30
http://dx.doi.org/10.29052/IJEHSR.v5
http://dx.doi.org/10.1016/S1473-

Anemia in Patients with Pulmonary Tuberculosis

13.

14.

15.

16.

17.

Tuberculosis Treatment in Korea: A
Multicenter  Retrospective  Cohort
Study. J. Korean Med. Sci. 2014;29:
1226.
https://dx.doi.org/10.3346/jkms.2014.
29.9.1226.

Holden IK, Lillebaek T, Seersholm N,
Andersen PH, Wejse C, Johansen IS.
Predictors for Pulmonary Tuberculosis
Treatment Outcome in Denmark 2009—
2014.Scientific ~ Reports.  2019;9:
12995.
https://dx.doi.org/10.1038%2Fs41598-
019-49439-9

Lee SW, Kang YA, Yoon YS, Um SW,
Lee SM, Yoo CG, etal. The prevalence
and evolution of anemia associated
with tuberculosis. J Korean Med
Sci. 2006;21(6):1028—

1032. https://doi.org/10.3346/jkms.20
06.21.6.1028

Sahiratmadja E, Wieringa FT, van
Crevel R, de Visser AW, Adnan I,
Alisjahbana B, et al. Iron deficiency
and NRAMPL1 polymorphisms (INT4,
D543N and 3'UTR) do not contribute
to severity of anaemia in tuberculosis
in the Indonesian population. Br J
Nutr. 2007;98(4):684—

690. https://doi.org/10.1017/S0007114
507742691

Krapp F, Véliz JC, Cornejo E, Gotuzzo
E, Seas C. Bodyweight gain to predict
treatment outcome in patients with
pulmonary tuberculosis in Peru. Int J
Tuberc Lung Dis. 2008;12(10):1153~
1159.

Shah S, Whalen C, Kotler DP, Mayanja

Medical Journal of South Punjab (MJSP)

18.

19.

20.

21.

|9

H, Namale A, Melikian G, et al.
Severity of human immunodeficiency
virus infection is associated with
decreased phase angle, fat mass and
body cell mass in adults with
pulmonary tuberculosis infection in
Uganda.J Nutr. 2001;131(11):2843—
2847. https://doi.org/10.1093/jn/131.1
1.2843.

Oliveira MG, Delogo KN, Oliveira
HM, Ruffino-Netto A, Kritski AL,
Oliveira MM. Anemia in hospitalized
patients with pulmonary tuberculosis.
JornalBrasileiro de  Pneumologia.
2014;40:403-10.

Gil-Santana L, Cruz LAB, Arriaga
MB, Miranda PFC, Fukutani KF,
Silveira-Mattos PS, et al. Tuberculosis-
associated anemia is linked to a distinct
inflammatory profile that persists after
initiation of antitubercular therapy. Sci
Rep. 2019
Feb4;9(1):1381.https://doi.org/10.103
8/541598-018-37860-5.

Mulenga CM, Kayembe J-MN,
Kabengele BO, Bakebe A. Anemia and
Hematologic Characteristics in Newly
Diagnosed Pulmonary Tuberculosis
Patients at Diagnosis in Kinshasa. J.
Tuberc. Res. 2017;05: 243-

257 .http://dx.doi.org/10.4236/jtr.2017.

54026

Hella J, Cercamondi CI, Mhimbira F,
Sasamalo M, Stoffel N, Zwahlen M, et
al. Anemia in tuberculosis cases and
household controls from Tanzania:
Contribution of disease, coinfections,
and the role of hepcidin. Strnad P, editor.

Volume 4, Issue 1, 2023


http://dx.doi.org/10.4236/jtr.2017

Anemia in Patients with Pulmonary Tuberculosis

22.

23.

PLOS ONE. 2018;13: e0195985.
https://doi.org/10.1371/journal.pone.019
5985

van Lettow M, West CE, van der Meer
JWM, Wieringa FT, Semba RD. Low
plasma selenium concentrations, high
plasma human immunodeficiency
virus load, and high interleukin-6
concentrations are risk  factors
associated with anemia in adults
presenting with pulmonary
tuberculosis in Zomba district, Malawi.
Eur. J. Clin. Nutr. 2005;59: 526-532.
http://dx.doi.org/10.1038/sj.ejcn.1602
116

Kim S, Cho S. Investigation of Iron
Metabolism for Regulating
Megakaryopoiesis and Platelet Count
According to the Mechanisms of
Anemia. Clin Lab. 2018;64(3):329-332.
http://dx.doi.org/10.7754/Clin.Lab.2017
.170824.

Medical Journal of South Punjab (MJSP)

|10

Volume 4, Issue 1, 2023


http://dx.doi.org/10.1038/sj.ejcn.1602
http://dx.doi.org/10.7754/Clin.Lab.2017

