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Abstract

Background: The progress of an infectious condition is partly affected by the overall nutrition
of the host. Many of the essential trace elements like zinc, copper, magnesium influence the
function of the immune system. Magnesium levels also influence tuberculosis. Tuberculosis
and malnutrition is well recognized to go hand in hand as one can lead to the other.

Methods: This prospective observational study was conducted at the Department of
Respiratory Medicine in National Institute of Diseases of the Chest and Hospital from July
2018 to June 2020. A total of 85 new smear positive pulmonary tuberculosis cases were
enrolled in this study. Serum Magnesium was measured by the colorimetric method using
Xylidyl Blue-1. Statistical analyses of the results were obtained by using window based
computer software devised with Statistical Packages for Social Sciences (SPSS-23).

Results: In this study 74(87.1%) patients had sputum smear conversion and 11(12.9%)
had delayed sputum smear conversion at the end of intensive phase of treatment. Mean
initial serum magnesium was 1.95+0.26 mg/dl and mean serum magnesium at the end of
20 month was 2.07+0.24 mg/dl. Significant association was found in sputum smear
conversion with smoking, initial serum magnesium level and serum magnesium level at the
end of 2 month. There was no significant association of sputum smear conversion with
diabetes mellitus and BMI. In multivariate logistic regression analysis, initial low serum
magnesium level and smoking were found to be independent predictors for sputum smear
non-conversion at the end of 2 month but low serum magnesium at the end of 2'¢ month was
not found to be independent predictor for sputum smear non-conversion.

Conclusion: Hypomagnesaemia at the initiation of anti-tubercular therapy was significantly
associated with sputum smear non-conversion at the end of intensive phase of treatment.
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Introduction:

Worldwide, tuberculosis is the leading cause of
death from a single infectious agent. Millions of
people continue to fall sick with TB each year. In
2017, TB caused an estimated 1.3 million deaths
(range, 1.2—1.4 million) among HIV-negative people
and there were an additional 300000 deaths from
TB (range, 266000—-335000) among HIV-positive
people.! Tuberculosis is a curable and preventable
disease caused by infection with mycobacteria
from the Mycobacterium tuberculosis complex.2
Magnesium is the eight common element in the
crust of earth, fourth most abundant cation in
human body and second abundant intracellular
cation. It may exist as protein bound, complexed
or in free form. It is primarily found within the
cell, where it acts as a counter ion for the energy-
rich ATP and nuclear acids. It is a cofactor in more
than 300 enzymatic reactions. Magnesium critically
stabilizes enzymes, including many ATP generating
reactions.? It is also key component in various
reactions that require kinases and important factor
in both cellular and humoral immune reactions
.45 Magnesium participates in immune responses
in numerous ways: as a cofactor for
immunoglobulin synthesis, C’3 convertase,
immune cell adherence, antibody-dependent
cytolysis, IgM lymphocyte binding, macrophage
response to lymphokines, T helper-B cell
adherence, binding of substance P to lymphoblasts
and antigen binding to macrophage RNA.%

The development of tuberculosis passes through
several distinct stages-initial infection, entry of the
pathogen into tissues and cells, survival and
replication within macrophages, subversion of
immune defense mechanisms, establishment of
dormancy, reactivation from the latent state and
induction of gross tissue necrosis that is
responsible for cavitary formation, entry of bacilli
into the sputum and transmissibility of infection.
The progression of the disease process to resolution
and healing or to progression with extensive
necrosis is determined by the nature of the host
immune system.”

Hypomagnesaemia promotes low-grade
inflammation as demonstrated by elevated
concentrations of C-Reactive Protein (CRP) and
TNF-alpha.®? Mg improves markers of
inflammation and oxidative stress.!? Irfan et al.
observed that, a significant inverse relationship
was observed between the level of serum
magnesium with duration of illness and extent of
the disease.!’ Memon et al. concluded that

decreased serum magnesium is an important
finding in pulmonary tuberculosis patient.!2
Agrawal et al. showed that lower serum
magnesium level at the initiation of tuberculosis
therapy was significantly associated with delayed
sputum conversion among smear positive
pulmonary tuberculosis patients.1? That’s why one
needs to find out the association of serum
magnesium level with delaying the sputum
conversion in order to lay the foundation of
effective intervention in our country. The main
objective of this study is to find out the association
of serum magnesium with sputum smear
conversion at the end of 224 month among smear
positive pulmonary tuberculosis patients.

Methods:

This prospective observational study was carried
out in the Department of Respiratory Medicine,
National Institute of Diseases of the Chest and
Hospital (NIDCH), Mohakhali, Dhaka during the
period from July 2018 to June 2020. New cases of
sputum smear positive pulmonary tuberculosis
patient aged e” 18 years who attended in NIDCH
both indoor & outdoor and who gave informed
consent were enrolled in this study. MDR TB, XDR
TB, CAT -1 failure, retreatment case, pregnancy,
chronic renal failure and patient with long term
corticosteroid therapy were excluded from the
study. A total of 95 new smear positive pulmonary
tuberculosis patients attending in the above
hospital were included in this study. Among them
10 (7 patients were lost to follow up and 3 were
died) patients were excluded from this study. Finally
85 patients were enrolled in the study. Having
obtained ethical clearance from the Ethical
Committee and informed written consent from the
patients, the data collection was commenced. All
patients were subjected to detailed history taking,
physical examination and necessary investigations.
Investigations included complete blood count,
random blood sugar, sputum for AFB, chest x-ray,
s. creatinine, SGPT, Sputum for Gene Xpert and
serum magnesium level. Patients were treated by
Cat-1 anti TB treatment. At the end of 24 month
of treatment all patients were followed up clinically
and sputum for AFB and serum magnesium were
done. Serum Mg levels were measured by the
colorimetric method using Xylidyl Blue - 1. The
collected data of each patient was recorded
systematically. All data were analyzed by using
computer based SPSS -23 (statistical package for
social sciences). Data were presented in frequency,
percentage and mean and standard deviation as
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applicable. Chi square test was used for categorical
variables. Unpaired t-test was used for continuous
variables as shown cross tabulation. Multivariate
logistic regression analysis was used for sputum
smear non-conversion and the results were
expressed as odds ratios with 95% confidence
intervals (CI). P value of less than 0.05 was
considered as statistically significant.

Results:

Table-1
Demographic characteristics of the study
patients (n=85)

Demographic Number of Percentage
characteristics patients
Age (years)
<20 2 2.4
21-40 42 49.4
41-60 40 47.1
>60 1 1.2
Mean age (years) 40.0+12.5
Range (min-max) 19.0-70.0
Sex
Male 72 84.7
Female 13 15.3
Table I1

Distribution of serum magnesium among the
study patients (n=85)

Yes
30.6%

No_,

69.4%

Fig.-1: Pie chart showing smoker among the study
patients

No
|— 12.9%

No
92.1%

Fig.-2: Pie chart showing diabetes mellitus among
the participants

N
|_12.g%

Serum magnesium (mg/dl) Mean+SD
Initial 1.95+0.26 v
. es
Range (min-max) 1.1-2.55 82.1%
At the en.d of 2! month 2.07+0.24 Fig.-3: Pie chart showing sputum smear conversion
Range (min-max) 1.35-2.6 at the end of 2% month
Table-II1
Association between diabetes mellitus and sputum smear conversion (n=85)
Diabetes mellitus Sputum non Sputum p value
conversion(n=11) conversion (n=74)
n % n %
Yes 2 18.2 4 5.4 0.123"
No 9 81.8 70 94.6

(ns= not significant; p value reached from chi square test)
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Table-IV
Association between smoking and sputum smear conversion (n=85)
Smoker Sputum non Sputum p value
conversion(n=11) conversion (n=74)
n % n %
Yes 7 63.6 19 25.7 0.017®
No 4 36.4 55 74.3

(s= significant; p value reached from chi square test)

Table-V
Association between initial BMI and sputum smear conversion (n=85)
BMI (kg/m?) Sputum non Sputum p value
conversion(n=11) conversion (n=74)
n % n %
<18.5 6 54.5 18 24.3
18.5-24.9 5 45.5 53 71.6 0.105"
>25.0 0 0.0 3 4.1

(ns= not significant; p value reached from chi square test)

Table-VI
Association between BMI at the end of 2% month and sputum smear conversion (n=85)
BMI (kg/m?) Sputum non Sputum p value
conversion(n=11) conversion (n=74)
n % n %
<18.5 4 36.4 16 21.6
18.5-24.9 7 63.6 54 73.0 0.450vs
>25.0 0 0.0 4 5.4

(ns= not significant; p value reached from chi square test)

Table-VII
Association between initial serum magnesium level and sputum smear conversion (n=85)
Initial serum Sputum non Sputum p value
magnesium (mg/dl) conversion(n=11) conversion (n=74)
n % n %
<1.82 10 90.9 12 16.2
1.82-2.43 1 9.1 60 81.1
>2.43 0 0.0 2 2.7
Mean+SD 1.53 +0.24 2.01 +0.19 0.001#

(s= significant; p value reached from unpaired t-test)
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Table-VIII
Association between serum magnesium level at the end of 2% month and
sputum smear conversion (n=85)

Serum magnesium Sputum non Sputum p value
at the end of conversion(n=11) conversion (n=74)
2nd month (mg/dl) n % n %
<1.82 8 72.7 7 9.4
1.82-2.43 3 27.3 64 86.5
>2.43 0 0.0 3 4.1
Mean+SD 1.69 +0.19 2.13 +0.20 0.0018
(s= significant; p value reached from unpaired t-test)
Table-IX
Multivariate regression analysis for sputum smear non-conversion (n=85)
Variable Adjusted 95% CI P value
OR Lower Upper
Smoking 7.377 1.038 52.451 0.0468
Initial low serum magnesium level 37.648 3.081 99.087 0.004°
Low serum magnesium level 4.517 0.682 29.894 0.118"

at the end of 224 month

(s= significant, ns= not significant, OR=0dd’s Ratio; p value reached from multivariate logistic regression analysis)

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 month of DOTS
treatment is a very important parameter.13

This prospective observational study was carried
out with an aim to determine the serum magnesium
level in smear positive pulmonary tuberculosis
patients and to observe the smear conversion at
the end of 274 month of anti-tubercular therapy.
This study also finds out find out any association
of serum magnesium status in non-converter
patients. In this study it was observed that almost
half (49.4%) of the patients belonged to age 21-40
years. The mean age was found 40.0+12.5 years
with range from 19 to 70 years. Almost similar
study conducted by Guler et al. which showed the
mean age was found 42.8+16.4 years.!'* In the
present study it was observed that majority
72(84.7%) patients were male and 13(15.3%) were
female. Male to female ratio was 5.5:1. In a study
Agrawal et al. which showed most participants
(67%) were male and 33.0% were female.! This
study showed more than two third (68.2%) patients
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had initial BMI 18.5-24.9 kg/m?2, 24(28.2%) had
<18.5 kg/m?2 and 3(3.5%) had €”25.0 kg/m2. Almost
three fourth (71.8%) patients had BMI 18.5-24.9
kg/m2, 20(23.5%) had <18.5 kg/m2 and 4(4.7%) had
€’25.0 kg/m? at the end of 24 month.

In this current study it was observed that
26(30.6%) patients were smoker and 59(69.4%) were
non-smoker. Bouti et al. documented that smoker
was 36.1%.1% Another study reported by Azarkar
et al. which showed smoker was 14(16.5%).16 In
this study it was observed that only 6(7.1%) patients
had diabetes mellitus.

In this study it was observed that 74(87.1%)
patients had sputum conversion at the end of 24
month. Ndubuisi et al. found sputum conversion
rate among new smear positive pulmonary
tuberculosis patients at the end of 22 month post
therapy was 86.9%.17 Kuaban et al. also showed
similar results.!8

In this study it was observed that mean initial
serum magnesium was found 1.95+0.26 mg/dl with
range from 1.1 to 2.55 mg/dl. The mean serum
magnesium at the end of 274 month was found
2.07+0.24 mg/dl with range from 1.35 to 2.6 mg/dl.
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Irfan et al. reported that serum magnesium was
1.633+0.065 mg/dl.!! Another study documented
by Memon et al. where they found serum
magnesium was 1.21+0.083 mg/dl.12

In this present study it was observed that 2(18.2%)
patients had diabetes mellitus in sputum non-
conversion and 4(5.4%) in sputum conversion
group. The difference were not statistically
significant (p>0.05) between two group. In my study
it was observed that 7(63.6%) patients were smoker
in sputum delayed conversion group and 19(25.7%)
in sputum conversion group. The difference were
statistically significant (p<0.05) between two group.
Metanat et al. narrated that there was a significant
delay in sputum conversion time between smoker
and non-smoker.1® Anandaraj et al. described
smoking was significantly associated with delayed
sputum smear conversion at the end of intensive
phase.20

In this current study it was observed that initial
BMI <18.5 kg/m? was found 6(54.5%) patients in
sputum not conversion and 18(24.3%) in sputum
conversion group. The difference was not
statistically significant (p>0.05) between two group.
At the end of 2"d month, BMI 18.5-24.9 kg/m? was
found 7(63.6%) patients in sputum non-conversion
and 54(73.0%) in sputum conversion group. The
difference was not statistically significant (p>0.05)
between two group.

Our study showed that mean initial serum
magnesium was found 1.53+0.24 mg/dl in sputum
non-conversion and 2.01+0.19 mg/dl in sputum
conversion group. The difference were statistically
significant (p<0.05) between two group. The mean
serum magnesium at the end of 24 month was
found 1.6940.19 mg/dl in sputum non- conversion
and 2.13+0.20 mg/dl in sputum conversion group.
The difference was statistically significant (p<0.05)
between two group. Delayed sputum smear
conversion occurred in 11(12.94%) sputum smear
positive PTB patients. Among them 10 delayed
sputum smear conversion patient had initial serum
magnesium levels <1.8 mg/dl and 8 had serum
magnesium levels < 1.8 mg/dl at the end of 2"d
month. In the study Memon et al. (2014) described
that serum magnesium was found significantly
lower in patients as compared with the controls.!2
In the study Agrawal et al. showed that lower
serum magnesium level at the initiation of

tuberculosis therapy was significantly associated
with delayed sputum conversion among smear
positive pulmonary tuberculosis patients.13

In multivariate logistic regression analysis, initial
low serum magnesium level and smoking were
found to be independent predictors for sputum
smear non-conversion at the end of 224 month.
Among the predictors, initial low serum
magnesium level was the strongest predictor of
sputum smear non-conversion. However, low
serum magnesium level at the end of 2°d month
was not found to be independent predictor for
sputum smear non-conversion at the end of
intensive phase of the treatment.

Conclusion

Initial low serum magnesium level was
significantly associated with sputum smear non-
conversion at the end of 2°d month. The underlying
mechanism responsible for the association of initial
low magnesium level with significant delay in the
sputum smear conversion yet to be discovered.

Conflict of Interest: The authors of this paper have
declared that there is no conflict of interest to any
of the authors.

References

1. Global tuberculosis report. Geneva: World
Health Organization. 2018.

2.  Grange JM. Mycobacterium tuberculosis- the
organism. Davies PDO, Gordon SB and Davies
G, eds. Clinical Tuberculosis. 5th edition.
Taylor & Francis group; 2014:39-53.

3. Jahnen-Dechent W, Ketteler M. Magnesium
basics. Clinical kidney journal. 2012;
5(Suppl _1):13-114.

4.  Saris NE, Mervaala E, Karppanen H, Khawaja
JA, Lewenstam A. Magnesium: an update on
physiological, clinical and analytical aspects.
Clinica chimica acta. 2000; 294(1-2):1-26.

5. Sales CH, Pedrosa LD. Magnesium and
diabetes mellitus: their relation. Clinical
nutrition. 2006; 25(4):554-62.

6. Galland L. Magnesium and immune function:
an overview. Magnesium. 1988; 7(5-6):290- 9.

7. Ponnuswamy A. Respiratory tuberculosis.
Davies PDO, Gordon SB and Davies G, eds.
Clinical Tuberculosis. 5th edition. Taylor &
Francis group; 2014:129-150.

87



Chest Heart Journal

Vol. 44, No. 2, July 2020

8.

10.

11.

12.

13.

14.

88

Rodriguez-Moran M, Guerrero-Romero F.
Serum magnesium and C-reactive protein
levels. Archives of disease in childhood. 2008;
93(8):676-80.

Guerrero-Romero F, Bermudez-Pefia C,
Rodriguez-Moran M. Severe hypomagnesemia
and low-grade inflammation in metabolic
syndrome. Magnesium research. 2011;
24(2):45-53.

Bo S, Durazzo M, Guidi S, Carello M,
Sacerdote C, Silli B, et al. Dietary magnesium
and fiber intakes and inflammatory and
metabolic indicators in middle-aged subjects
from a population-based cohort. The American
journal of clinical nutrition. 2006; 84(5):
1062-9.

Irfan, DMR, Verma BS and Deepu CC. The
inverse correlation of serum Magnesium level
with the stage of Pulmonary Tuberculosis.
Sch. J. App. Med. Sci. 2017; 5(3F):1131-1136.

Memon, AR, Khan AS, Memon, F and Jalbani
RA. Magnesium Level in Pulmonary
Tuberculosis Patients. Researcher. 2014;
6(1):48-50.

Agrawal Y, Goyal V, Singh A, Lal S. Role of
anaemia and magnesium levels at the
initiation of tuberculosis therapy with sputum
conversion among pulmonary tuberculosis

patients. Journal of clinical and diagnostic
research: JCDR. 2017; 11(6):BC01-BC04.

Giiler M, Unsal E, Dursun B, AydIn O, Capan
N. Factors influencing sputum smear and
culture conversion time among patients with
new case pulmonary tuberculosis.
International journal of clinical practice. 2007;
61(2):231-5.

15.

16.

17.

18.

19.

20.

Bouti K, Aharmim M, Marc K, Soualhi M,
Zahraoui R, Benamor J, et al. Factors
influencing sputum conversion among smear-
positive pulmonary tuberculosis patients in
Morocco. International Scholarly Research
Notices. 2013.

Azarkar Z, Sharifzadeh G, Ebrahimzadeh A,
Olumi S. Time to sputum smear conversion
in smear-positive pulmonary tuberculosis
patients and factors for delayed conversion.
Iranian journal of medical sciences. 2016;
41(1):44.

Ndubuisi NO, Uche OC, Elendu, OC, Unegbu
VN. Sputum conversion among new smear
positive pulmonary tuberculosis patients
attending tb/dots clinics in Anambra state,
Nigeria. PulmCrit Care Med. 2017; 2(3):1-3.

Kuaban C, Bame R, Mouangue L, Djella S,
Yomgni C. Non conversion of sputum smears
in new smear positive pulmonary tuberculosis
patients in Yaoundé, Cameroon. East African
medical journal. 2009; 86(5):216-225.

Metanat M, Sharifmoud B, Parsi M, Sanei ME.
Effect of cigarette smoking on sputum smear
conversion time among adult new pulmonary
tuberculosis patients: A study from Iran
Southeast. Iranian Journal of Clinical
Infectious Diseases. 2010; 5:14-17.

Anandaraj R, Anurupa MS, Kavithai P,
Rashmi BM, Ranjitha A, Raghavendra SK.
Factors influencing delay in sputum smear
conversion among new smear-positive
pulmonary tuberculosis patients of Davangere
tuberculosis unit. International Journal of
Medical Science and Public Health. 2017;
6(11):1565-71.



