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Abstract: About one third of the population is infected with tuberculosis (TB). On
the other hand, iron deficiency is the most common micronutrient deficiency in the
world. A number of studies have documented anemia in patients with TB, however,
this study aimed to assess the prevalence of iron deficiency anemia (IDA) in patients
with acid-fast bacilli (AFB) sputum smear-positive, and sputum conversion in these
two groups of patients with absolute and functional IDA at the end of the second
month of anti-TB therapy in Zahedan, Iran. The results of this study revealed that
91 out of 198 (45.9%) sputum positive pulmonary TB patients were anemic, and
among those 72 (79.1%) had iron deficiency anemia. The overall prevalence of IDA
in this study was 36.3%. In 72 patients with IDA, 54 (75%) had functional while the
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remainder had absolute IDA 18 (25%). Twenty-one out of 72 (29.2%) of patients
with IDA remained sputum positive and among 126 non IDA patients 47 (37.3%)
had positive sputum smear at the end of intensive TB treatment phase (p=0.278).
Approximately, less than half of patients with tuberculosis had anemia among them
79% had iron deficiency anemia. The frequency of functional IDA was three times
more than absolute IDA. There was no statistically significant difference in sputum
conversion between two groups of IDA and non-IDA patients after intensive phase
of anti-TB therapy.

Introduction

Tuberculosis (TB) is still an important global health problem and kills about two
million people annually. About a quarter of the world population is infected with
TB (Moscow Declaration to End TB, 2017). Tuberculosis can present with a variety
of hematological manifestations. A variety of factors have been suggested for
TB-associated anemia, but the main causes attributed to it include suppression

of erythropoiesis by inflammatory mediators, nutritional deficiency failure of iron
utilization, and bone marrow suppression (Olaniyi and Aken’Ova, 2003; Lee et al.,
2006; Zadeh et al., 2013).

Globally, iron deficiency is considered the most important contributor to the
development of anemia, but other causes often coexist. Anemia has been reported
in 16% to 94% of patients with pulmonary TB (Roberts et al., 1966; Cameron
and Horne, 1971; Lee et al., 2006). In addition, it should be considered that iron
deficiency has been associated with impaired immune function and reduced capacity
to control infection (Dallman, 1987; Oppenheimer, 2001).

Functional iron deficiency is a state in which there is insufficient iron incorporation
into erythroid precursors with adequate body iron stores which is detected by the
presence of stainable iron in the bone marrow as well as a serum ferritin value
within normal limits (Wish, 2006).

However, absolute iron deficiency anemia is characterized by low or absent
bone marrow staining for iron and is distinguished from functional or relative iron
deficiency, which is defined as a response to intravenous iron with an increase
in hemoglobin (Hb) or a decrease in erythropoiesis-stimulating agent (ESA)
requirement (Wish, 2006; Thomas et al., 2013).

If iron deficiency is an important factor related to TB-associated anemia, providing
supplemental iron may be useful to increase blood hemoglobin concentrations and
improve clinical outcomes in TB patients. Iron deficiency anemia was associated with
a nearly 2-fold independent increase in the risk of death in a randomized clinical trial
in patients with pulmonary TB in Tanzania, also showed that anemia at the initiation
of tuberculosis therapy is responsible for delayed sputum conversion among
pulmonary tuberculosis patients (Nagu et al., 2014).

Several studies have been conducted in this context to study the status of iron
deficiency anemia in patients who had TB (Roberts et al., 1966; Cameron and
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Horne, 1971; Oppenheimer, 2001). However, limited studies were carried out to
demonstrate the type of IDA (functional and absolute) in TB patients and conversion
rate after anti-TB treatment in these patients.

Therefore, this study aimed to investigate the prevalence of absolute and
functional IDA in sputum smear-positive pulmonary TB patients and to demonstrate
response to TB chemotherapy at the end of second month of treatment.

Material and Methods

This cross-sectional descriptive study was conducted between March 2016 and
March 2017 in Zahedan, south-eastern Iran. After approving the project and getting
approval from the Ethics Committee of Zahedan University of Medical Sciences,
informed consent were obtained from all patients with the diagnosis of sputum
smear-positive pulmonary tuberculosis and all of them were recruited into the study.

The inclusion criteria were as follow: smear-positive pulmonary tuberculosis
patients over 14 years old with hemoglobin (Hb) less than 13 g/dl for male and less
than 12 g/dl for female; and exclusion criteria were history of blood transfusion or
blood donation in the last 3 months, history of recent iron supplementation, history
of previous TB and anti-tuberculosis treatment, known chronic diseases such as
hepatitis, AIDS, diabetes, cancer, or other inflammatory diseases, major and bilateral
cavitary lesions in lungs, history of addiction, and Hb less than 9 g/dl. Functional
iron deficiency anemia is defined as transferrin saturation (TSAT) less than 20% with
ferritin levels above 40 micrograms per liter and absolute iron deficiency anemia is
described as TSAT less than 20% with ferritin levels below 40 micrograms per liter
(Hashemi et al., 2017).

For each patient, at the beginning of study and before standard anti-TB treatment
(rifampin, pyrazinamide, isoniazid, and ethambutol), serum iron (Sl), total iron
binding capacity (TIBC), complete blood count (CBC), and ferritin, were requested.
Patients who faced the criteria of IDA were divided into two groups of absolute
or functional iron deficiency anemia according to Table 1. After two months of
anti-TB treatment, three sputum smears were collected in three consecutive days,
and the positive and negative cases were recorded using direct smear test and acid-
fast staining. Finally, data obtained from the patients were analysed using descriptive
statistics, chi-square and t-test in SPSS software (version 19, SPSS Inc., Chicago, IL,
USA). P<0.05 was considered significant.

Table 1 - Criteria for functional and absolute iron deficiency anemia

Parameters Functional IDA Absolute IDA
Hb low low
TSAT low low
Ferritin normal-high low

IDA — iron deficiency anemia; Hb — hemoglobin; TSAT — transferring saturation
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Results

Overall, 217 patients were examined in this study amongst those 198 new smear-
positive TB patients were enrolled according to inclusion and exclusion criteria.
Ninety-one (45.9%) of the patients had anemia (hemoglobin below 13 g/dl in

men and 12 g/dl in women). Based on IDA criteria and considering the transferrin
saturation less than 20%, seventy-two out of 91 patients had iron deficiency anemia.
Therefore, the overall prevalence of IDA was 36.3 percent.

The mean age of patients with IDA was 51.38 £ 14.88 years of whom 35 (48.6%)
were male and 37 (51.4%) were female. The frequency of functional iron deficiency
anemia was 54 (75%) and absolute IDA was reported 18 (25%). The comparison
between functional and absolute IDA, based on gender, age and duration of TB
symptoms before treatment were not significantly different in TB patients (p=0.341,
p=0.887, p=0.750, respectively) (Table 2).

At the end of two-month anti-TB therapy, 68 patients remained smear positive
(37.3% with IDA compared to 29.2% without IDA). The difference of sputum
conversion in TB patients with and without IDA was not statistically significant
(p=0.278) (Table 3).

Table 2 - Distribution of gender, mean age and duration of symptoms
in sputum smear-positive tuberculosis patients with iron deficiency
anemia

Functional Absolute

IDA IDA Total P-value
male 28 (51.9%) 7 (38.9%) 35 (48.6%)
Gender female 26 (48.1%) 11 (61.1%) 37 (51.4%) 0.341
total 54 (100%) 18 (100%) 72 (100%)
Age (year) + SD 51.44 £ 13.99 5194 £13.16 5137 £14.88 0.877

Duration of symptoms

(day) % SD 24.70 £ 8.07 24.00 * 8.06 2438 £ 7.66 0.750

IDA — iron deficiency anemia; SD — standard deviation

Table 3 - Sputum conversion rate at the end of the second month
in TB patients with and without iron deficiency anemia

Smear results IDA Non-IDA Total P-value
+ 21 (29.2%) 47 (37.3%) 68 (34.3%)

- 51 (70.8%) 79 (62.7%) 130 (65.7%) 0.278
total 72 (100%) 126 (100%) 198 (100%)

TB — tuberculosis; IDA — iron deficiency anemia
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Table 4 — Sputum conversion rate of positive smear at the end of the
second month in TB patients with functional and absolute IDA

Smear results Functional IDA Absolute IDA Total P-value
+ 15 (27.8%) 6 (33.3%) 21 (29.2%)

- 39 (72.2%) 12 (66.7%) 51 (70.8%) 0.766
total 54 (100%) 18 (100%) 72 (100%)

TB — tuberculosis; IDA — iron deficiency anemia

The frequency of positive sputum smear after 2 months of treatment with
anti-TB in patients with functional and absolute IDA was 15 (27.8%) and 6 (33.3%),
respectively with no significant difference (p=0.766) (Table 4).

Discussion

Tuberculosis remains a public health threat, especially in developing countries and is
still 2 major cause of death and suffering worldwide. This devastating disease is much
higher among people infected with HIV, and also higher among people affected by
risk factors such as under-nutrition, diabetes and smoking (Antonucci et al., 1995;
Espinal et al., 2000; Ferrara et al., 2012). On the other hand, anemia is also a major
public health problem in many parts of the world. According to a study done by
World Health Organization (WHO) on anemia, worldwide prevalence of anemia
was 25% from 1993 to 2005 (World Health Organization, 2008). Nutritional anemia
is a serious health problem globally which is primarily due to iron deficiency. The
prevalence of anemia in all patients with TB was reported between 30-94% in
several studies (Cameron and Horne, 1971; Oppenheimer, 2001; Lee et al., 2006).
Iron deficiency may also contribute to the development of TB disease because iron
deficiency compromises the immune function and reduced body capacity against
infection control.

In our study we evaluated TB patients who had IDA in Zahedan, a big city situated
in Sistan and Baluchestan, south-eastern Iran with the highest prevalence of TB in
Iran. The incidence of all form of TB and sputum smear positive pulmonary TB was
estimated 30.21 and, 19.03 per 100,000 populations, respectively in the year 2017 in
Zahedan (Center for Disease Control and Prevention, 2019).

Based on the results of this study it was found that nearly half of our patients
were anemic and most of them (79.1%) had IDA. The overall prevalence of iron
deficiency anemia in this study was 36.3%.

According to the study done by Isanaka et al. (2012), the overall prevalence of
anemia in TB patients was 64% that more than one-half of them were related to
IDA. The results of this study showed no association between overall anemia or
iron deficiency anemia at baseline and the risk of treatment failure at 1 month after
initiation. The prevalence of anemia in our study was less than the mentioned study,
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but similar to our study, the majority of the patients had IDA and we did not found
any association between two groups of IDA and non-IDA for sputum conversion.

In a study conducted by Lee et al. (2006), anemia was mostly associated with the
female and older age and during or after anti-TB treatment, anemia was resolved
in 64.6% of patients without iron intake. On the contrary, we did not find any
significant relationship based on gender in the two groups of IDA and non-IDA
patients and the mean ages of our patients were similar.

In another study, in female with pulmonary tuberculosis in their reproductive age,
67.5% had IDA and using tardiferon helped in enhancing the efficiency of treatment
for tuberculosis in the presence of IDA (Mukhtarov and Sultanova, 2009).

It seems that geographical areas and nutritional base of the patients play important
roles to determine the prevalence of IDA in TB patients and subsequently, predict
their response to tuberculosis treatment (Cegielski and McMurray, 2004; Mulenga
et al., 2017). Approximately, more than one-third of our TB patients had IDA and
it seems reasonable that most of them owned the criteria for functional IDA which
is more prevalent than absolute IDA. Expectedly, functional iron deficiency is much
more prevalent than absolute iron deficiency. Based on epidemiological studies on
iron deficiency showed prevalence rates varying between 29—46% for functional
iron deficiency and for iron deficiency-associated anemia prevalence rates between
7-42% (Kuvibidila et al., 2004; Ludwig et al., 2013).

Being underweight has been associated with a higher risk of tuberculosis in
developing countries. The fact that undernourishment can also influence iron
metabolism, it would have been better to calculate BMI (body mass index) which is
one of the limitations of this study.

Although the results of our study did not show any association between sputum
conversion and treatment response in IDA and non-IDA patients, further research
with larger sample size in different geographical regions is required to increase
reliability of the studies.
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