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Role of Anaemia and Magnesium
Levels at the Initiation of Tuberculosis
Therapy with Sputum Conversion among

Pulmonary Tuberculosis Patients

ABSTRACT

Introduction: Both pulmonary Tuberculosis (TB) and anaemia
are prevalent in India. Magnesium levels also influence TB. There
is limited and inconsistent literature on the association among
anaemia, serum magnesium levels and sputum conversion
during tuberculosis treatment.

Aim: To study the effect of anaemia and serum magnesium
levels on sputum conversion in pulmonary TB patients.

Materials and Methods: One hundred each of newly diagnosed
sputum smear positive Pulmonary Tuberculosis (PTB), sputum
smear negative PTB patients initiated on Directly Observed
Treatment Short Course chemotherapy (DOTS) and healthy
age and sex matched controls were recruited in the study.
Patients were followed up prospectively until completion of
first two months of intensive phase. Patients were evaluated
before initiation of TB treatment by performing the complete
blood counts with peripheral blood smear, serum biochemistry,
serum iron, serum magnesium, serum ferritin and microscopic
examination of sputum. After giving two months of Antitubercular
Therapy (ATT), sputum smears were re-examined for presence
of acid fast bacilli. Haemoglobin values less than 13 g/dl in
males or 12 g/dl in females was defined as anaemia. Mean and
Standard deviations were calculated. Independent t-test was
used to compare between the groups.
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INTRODUCTION

The second most common cause of deaths in the world from
infectious diseases is TB [1,2]. In 2011 worldwide, 8.7 million
new active cases of TB were seen and 1.4 milion deaths were
estimated to be due to TB [2]. The situation is worse in India where
TB disproportionately affects the young. India accounts for 1/5" of
the global burden, with 1.8 million developing the disease each year
and nearly 0.4 million dying due to TB annually [3].

This data indicates the need to strengthen strategies for infection
control, identification and management of TB patients, in addition to
effective chemotherapy to reduce TB related morbidity and mortality.
Bacilli load falls drastically in the expelled sputum soon after initiating
TB treatment, containing rifampicin and isoniazid [4-6]. It cuts down
the chain of transmission thus, reducing the further spread of
tuberculosis [7-10]. Majority of patients become smear or culture
negative after two to three months of treatment with DOTS therapy.
But still cultures of approximately 10% of TB patients remain positive
after two months of TB chemotherapy [7]. This group of patients
maintain the chain of transmission. This plays an important role in
persistence of infectiousness. It is also observed that longer smear
conversion time is more closely associated with poor TB treatment
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Results: Serum iron and serum ferritin was significantly lower
in sputum positive PTB as compared to sputum negative PTB
and controls. Anaemia was present in 162 (81%) patients
of the study PTB cases. About 60% of anaemia in sputum
positive cases was iron deficiency anaemia. Serum magnesium
level was significantly lower in sputum positive PTB as
compared to sputum negative PTB and controls though not in
hypomagnesemic range. Delayed sputum smear conversion
occurred in 12 (12%) sputum positive PTB patients. Of these,
eight had severe iron deficiency anaemia, four with moderate
anaemia. All 12 delayed sputum smear conversion had serum
magnesium levels < 1.7 mg/dl (below normal reference range)
(mean 1.42 +0.22 mg/dl).

Conclusion: Sputum was found to be positive even after two
months of ATT course because of baseline anaemia and lower
levels of serum magnesium. Further multicentric studies are
warranted to study mechanisms for TB associated anaemia
and possible role of intervention for anaemia in TB patients.
One needs to find out the mechanisms behind the role of
anaemia and lower magnesium levels in delaying the sputum
smear conversion in order to lay the foundation of effective
interventions. Randomized controlled trials are warranted to
generate higher levels of evidences to support our findings.

outcomes and relapse within two years of follow up [11,12]. There
are certain risk factors for delayed smear conversion. A few of these
risk factors are cavitatory lesions, high Acid Fast Bacilli (AFB) load,
multi drug resistant TB, geriatric patients diabetes and duration of
symptoms before initiation of treatment [13,14].

About 1%-8% of world’s population is anaemic. Anaemia is third
leading cause of YLD (years lived with disability) worldwide and has
caused >600 YLD/100,000 people [15]. Incidence and prevalence
of anaemia varies from place to place [15,16] and that among TB
patients has reported great variation ranging between 30%-94%
[17-21]. Case contol studies have shown that anaemia more
frequently occurs among subjects having TB as compared to those
not having TB (healthy controls) [22]. On the other hand, association
of anaemia has been observed with more severe forms of TB [22]
and unfavourable TB outcomes [18,20,23]. There is paucity of
capricious literature on relationship between anaemia and sputum
smear conversion. One set of evidence came up with no association
between anaemia and positivity of TB culture at one month of TB
therapy [18], whereas another set of evidence observed higher mean
haemoglobin following sputum smear conversion at two months of
TB treatment compared to baseline haemoglobin [24].
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Magnesium is the most abundant cation in the body next to
potassium. Only 0.3% of total body magnesium exists in serum
[3]. Serum or plasma magnesium is a better marker for magnesium
imbalance as it is not expensive and easily available [25]. Magnesium
is a part of hundreds of enzyme systems, plays a role in process
of innate and acquired immune response, involved in synthesis of
immunoglobulin as cofactor, role in immune cell adherence, antibody
dependent cytosis, helps in binding of IgM lymphocyte, T-helper
B-cell adherence and additional responses. Epidemiological data
have shown that higher intake of magnesium is associated with
lower incidence of respiratory problems. More recently, effect
of magnesium on respiratory airways has been studied and it is
observed that magnesium sulphate improves lung function and
causes vasodilatation. But a few studies from past have shown
inconclusive data of magnesium levels in PTB [3].

Hence, this prospective study was planned to examine the effect of
anaemia and serum magnesium levels on sputum smear conversion,
after giving two months of antituberculosis chemotherapy.

MATERIALS AND METHODS

The present case-control study was planned and executed in
the department of Chest and TB, Shaheed Hasan Khan Mewati
Government Medical College, Nalhar, Haryana, India, during 2015-
2016. Study participants were 100 new sputum positive PTB
patients (defined as having presence of at least one Acid Fast Bacilli
(AFB) in at least one sputum sample on microscopy), aged between
15 years and 60 years of age, 100 new sputum negative PTB and
100 healthy age and sex matched controls.

Informed consent was taken from all participants and ethical approval
was taken from Institutional Ethics Committee. This sample size of
300 subjects was taken as per convenient sampling. The criterion
for the sputum negative pulmonary tuberculosis was persistence of
cough after two weeks of administration of antibiotics and positive
finding on chest X-ray like cavitation and/or consolidation in upper
lungs with sputum smear negative for AFB on repeated testing two
times.

Ziehl-Neelsen stain was used in the process of preparing the
sputum smears. These sputum smears were examined for
presence of AFB at baseline and at two months of TB treatment
in sputum positive PTB. HIV testing was also done. Sputum and
blood samples were examined after obtaining consent from study
participants. TB patients were treated with standard DOTS therapy
for six months. ATT comprised of four drugs namely rifampicin,
isoniazid, pyrazinamide and ethambutol in intensive phase. After
the completion of the intensive phase, sputum smear microscopy
for AFB is done. If sputum smear is negative for AFB, then patient
is continued with rifampicin and isoniazid for four months in
continuation phase. Patients who had sputum smear positive for
AFB at two months of follow up were advised to take an extended
intensive phase of ATT for another month. Old TB patients were
excluded, who had history of complete ATT.

The outcome measure for this study was delayed sputum smear
conversion, defined as sputum smear positive for AFB at two
months of ATT. The primary exposure of interest was magnesium
levels and anaemia at baseline, anaemia defined as per World
Health Organization guidelines as haemoglobin <13 g/dl (males) or
haemoglobin <12 g/dI (female) [26]. Anaemia was further categorized
according to severity with the following haemoglobin cut off points:
mild anaemia; 11-13 g/dl (male) and 11-12 g/dl (female), moderate
anaemia; 8-11 (both sexes), severe anaemia; less than 8 g/dl for
both sexes [26]. Ferritin was determined by chemiluminescence
immunoassay, serum magnesium by xylidyle blue dye method.
Peripheral blood smear was also performed.

STATISTICAL ANALYSIS

Results were expressed using appropriate statistical methods.
Mean and Standard deviations were calculated. Independent t-test
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was used to compare between the groups. A p-value less than 0.05
were considered to be statistically significant.

RESULTS

The median age of the participants was 45 (15-75) years. Most
participants (67%) were males. Baseline characteristic of PTB
patients are shown in [Table/Fig-1]. Five of PTB patients were found
to be reactive to HIV.

Serum iron and serum ferritin was significantly lower in sputum
positive PTB as compared to sputum negative PTB and controls as
shown in [Table/Fig-2]. Anaemia was present in 162 (81%) patients
of the PTB cases. A total of 104 (52%) had moderate to severe
anaemia. Of these, 71 of sputum were positive while 33 of sputum
negative had moderate to severe anaemia. A 60% of anaemia in
sputum positive cases was iron deficiency anaemia characterised by
low ferritin and low iron levels with microcytic hypochromic anaemia
in peripheral smear. While 22% of anaemic sputum negative cases
had iron deficiency anaemia.

Characteristic Sputum positive PTB | Sputum negative PTB
Age in years, 45 (range 15-75)
Sex (M,F) 67,33
Blood urea (mg/dl) 22.71+9.8 34.65+10.23
Serum creatinine (mg/dl) .69+.16 .74 +.35
Serum sodium (meg/dl) 134.6 +4.2 135.9+4.6
Serum potassium (meg/dl) 3.9+40.5 3.9+0.4
Serum total calcium (mg/dl) 8.9+0.5 8.5+0.7
ALT (UL) 29.5+6.61 26.9+6.51
AST (UL 33.30+5.25 33.13+5.64

[Table/Fig-1]: Baseline characteristic of PTB patients.

Parameter Sputum Sputum Controls
positive PTB negative PTB
Hb (g/dl) 9.02+1.9 11.242.3 14.248.2
Iron (ug/dl) 29.6+10.2*/** 56.2+10.4* 107.6+12.8
Ferritin (ng/ml) 32.5+16.4*/** 227.8+28.28 250.7+29.54
Magnesium (mg/dl) 1.8+.3"/** 2.2+.4* 2.4+0.6

[Table/Fig-2]: Anaemia parameters and serum magnesium levels.

*significant with respect to Sputum negative PTB
**significant with respect to Controls

Serum magnesium level was significantly lower in sputum positive
PTB as compared to sputum negative PTB and controls (p-value
<0.05) though not in hypomagnesemic range [Table/Fig-2,3].
Delayed sputum smear conversion occurred in 12 (12%) sputum
positive PTB patients. Eight of these patients had severe iron

Serum Magnesium (mg/dl)

M Serum Magnesium (mg/dl)

2.5

1.5

0.5

sputum controls

positive PTB

sputum
negative PTB

[Table/Fig-3]: Serum magnesium levels in sputum positive PTB, sputum negative

PTB and controls
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deficiency anaemia while four had moderate anaemia. [Table/Fig-4]
shows the association between anaemia at the time of enrollment
and delayed sputum smear conversion at two months of ATT. All 12
delayed sputum smear conversion had serum magnesium levels <
1.7 mg/dl (below normal reference range) (mean 1.42 +0.22 mg/
dl).

Ninety two sputum positive PTB patients were found to be anaemic,
out of which 21 had severe anaemia. Out of total 21 severely
anaemic sputum positive PTB patients, 12 had delayed conversion
of sputum smear. Eight of the sputum positive PTB patients had
delayed conversion of sputum smear among 71 patients having mild
to moderate anaemia. Thus, this delayed conversion was found to
be statistically highly significant (p<0.001) [Table/Fig-4].

Anaemia Sputum positive | Sputum negative
PTB(100) PTB(100)

Mild 21 37
Moderate 50 26
Severe 21 7
Sputum delayed conversion with mild 0 -
anaemia

Sputum delayed conversion with 8/50 -
moderate anaemia

Sputum delayed conversion with severe 12/21 -
anaemia

[Table/Fig-4]: Association between anaemia at the time of enrollment and delayed

sputum smear conversion at two months of ATT.

Out of the 100 sputum positive PTB patients, 30 had serum
magnesium levels <1.7 mg/dl. Of these, 12 had delayed conversion
of sputum smear. Seventy sputum positive PTB patients had serum
magnesium levels >1.7 mg/dl. Eight of these patients also had
delayed conversion of sputum smear. Thus this delayed conversion
was found to be statistically significant (P<0.05) [Table/Fig-5].

Variable Sputum positive PTB (100)
Sputum delayed conversion with Magnesium 12/30
level <1.7 mg/dl
Sputum delayed conversion with Magnesium 8/70

level >1.7 mg/dl

[Table/Fig-5]: Association between serum magnesium levels at the time of enroll-

ment and delayed sputum smear conversion at two months of ATT.
p<0.05

DISCUSSION

Early diagnosis and effective treatment of TB remains the key to
success for infection control. For assessment of outcome of TB
treatment, sputum smear microscopy at two months of DOTS
treatment is a very important parameter. In this study, we made
an attempt to find out probable association of anaemia and serum
magnesium levels with sputum smear conversion after two months
of ATT. Our discussion will focus on observations of these two
variables.

First, anaemia and lower serum magnesium levels are associated
with delayed sputum smear conversion; especially iron deficiency
anaemia (low ferritin and microcytic hypochromic picture in
peripheral smear) at two months of anti TB therapy. Secondly, there
was increase in number of cases for delayed sputum conversion
with increase in severity of anaemia. The present study findings
were in contradiction to the study done by Isanaka et al., as they
did not find any association between anaemia and sputum culture
conversion after giving one month of ATT [18].

Variation in the results could be due to following reasons. Firstly, in
the study, majority of subjects had mild to moderate anaemia [18].
As observed in this study, subjects with milder forms of anaemia
were at a lower risk for delayed sputum conversion. This finding
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suggests inclusion of more study subjects to achieve optimum
statistical power to detect the smaller effect. Secondly, variation in
the result could be due to another method of outcome assessment.
In this study, we used sputum smear microscopy whereas, previous
study adopted culture conversion. Another study from Russia [23]
showed definitive association between sputum non conversion
among TB patients and persistent anaemia during TB treatment.
That study observed lower mean haemoglobin among patients with
positive sputum smear compared to those with negative sputum
smear at three months.

In the present study, serum magnesium level were similar to study
conducted by Jain MK et al., [27]. Possible reason can be as
narrated by Oladipo OO et al., that hypomagnesemia can be due to
malnutrition in PTB patients [28].

We are not clear about mechanisms explaining the association of
delayed sputum conversion with baseline anaemia and lower serum
magnesium. It is a known fact that tuberculosis causes anaemia but
why a few patients do not become anaemic, still remain blurred.
Evidences from previous studies have shown that malnourished
TB patients had lower mean levels of haemoglobin, magnesium
(as stated earlier) and zinc, as compared to controls, malnourished
controls and well-nourished TB patients [22].

Magnesium and iron supplements may be effective in patients of
hypomagnesemia and iron deficiency anaemia in PTB, and may
achieve better therapeutic results, but further investigation is needed.

There are certain strengths and weaknesses of this investigation.
Regarding strong points of our study, firstly we tried to generate
evidence for an under explored issue like association of anaemia
and serum magnesium levels with sputum smear conversion after
two months of anti-TB treatment. Paucity of literature warrants this
probe. Very few related studies are available in the literature and
none from India. Second, keeping prevalence of anaemia among
TB patients in mind, we categorized severity of anaemia in study
subjects which provided us an opportunity for setting the priorities.
Third, application of our findings at community level may lead to
reduction in the transmission of TB infection thus, reduced mortality
and morbidity associated with TB.

LIMITATION

Our study had some limitations as well. First, small sample size is
an evident limitation of this study. Second, mycobacteria cultures
should also have been performed after giving ATT for two months,
as non viable mycobacteria can give false positive results. Though,
in most cases, it is seen that smear turns negative prior to culture
and almost all sputum smear positive for AFB on microscopy after
two months of ATT show culture positivity. Thirdly, bias is possible
due to non-adherence to ATT as it is an important factor for sputum
conversion and cure of TB.

CONCLUSION

An anaemia and lower serum magnesium level at the initiation
of TB treatment is significantly associated with delayed sputum
smear conversion among sputum positive TB patients. Also, there
was increase in number of cases for delayed sputum conversion
with increase in severity of anaemia. One needs to find out the
mechanisms behind the role of anaemia and lower magnesium
levels in delaying the sputum smear conversion in order to lay the
foundation of effective interventions. Randomized controlled trials
are warranted to generate higher levels of evidences to support our
findings.
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