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Abstract

Objective: The purpose of this study was to compare demographic profile in Tuberculosis and Non-

Tuberculosis individuals. We also aimed to compare divalent metal ions in tuberculosis and Non-Tu-

berculosis Individuals

Methods: This case control study was carried out on 345 subjects. Sample size was calculated

through open EPI. Patients were grouped into two categories i.e., Pulmonary Tuberculosis (cases

group) with 115 patients and without Pulmonary Tuberculosis (control group) with 230 subjects. De-

mographic Profile was recorded through already designed proforma. 5 ml sterile gel tube was used

to collect blood samples. The samples, which were then centrifuged, and the serum were examined

to check the levels of iron and copper. Data was evaluated using SPSS version 25.00.

Results: Male patients in productive age groups are more likely to have TB in comparison of female

patient. In comparison of patient with normal serum copper, patient with serum copper below normal

are less likely for TB and patient with serum copper above normal are more likely to develop TB. Pa-

tient with serum iron below normal are also more likely to develop TB in comparison of patients with

normal serum iron.

Conclusion: Male patients in productive age groups were commonly affected with tuberculosis. In tu-

berculosis patients, a low serum iron concentrations along with significantly high concentration of se-

rum of copper were found. Subsequently, it may increase the human susceptibility to the infection of

mycobacterium tuberculosis.
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Introduction

Tuberculosis (TB) is a communicable infec-

tious disease which spreads with the close contact

of people through small droplets when disease-rid-

den people cough or sneeze. According to World

Health Organization (WHO) statistics mycobacte-

rium tuberculosis has infected nearly one third

population of the world, out of which above 80% of

individuals belong to the developing countries1,2.

Geographically, in 2019, most TB cases were in the

World Health Organization (WHO) regions of South

East Asia (44%), Africa (25%) and the Western Pa-

cific (18%), with smaller shares in the Eastern

Mediterranean (8.2%), the Americas (2.9%) and Eu-

rope (2.5%). Eight countries accounted for two

thirds of the global total: India (26%), Indonesia

(8.5%), China (8.4%), the Philippines (6.0%), Paki-

stan (5.7%), Nigeria (4.4%), Bangladesh (3.6%) and

South Africa (3.6%)3. In terms of absolute numbers

of TB cases Pakistan is ranked 5th among 22 high

burden countries. Above this poverty, malnutrition

and other illness are directly related to high preva-
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lence of TB4. Tuberculosis is more linked with con-

gested areas with low-income group, low literacy

rate and inadequate health care facilities5. Trace el-

ements (micronutrients) such as iron, copper, lead,

arsenic, selenium, calcium and zinc are necessary

nutrients that effects in various biological systems6.

The role of these divalent metals is decisive to the

growth of tissues and organs of a human7. Like-

wise, these elements now have been recognized as

a prospective key factor in numerous contagious

diseases. It has been witnessed that some modifi-

able metals support immune system and abolish

microorganisms like mycobacterium tuberculosis8. A

number of studies have reported that the extra iron

supports mycobacterium tuberculosis and HIV de-

velopment tin human body which can cause co-in-

fection of HIV-TB in several patients9. Iron works

significantly in the growth, pathogenicity, and me-

tabolism of mycobacterium tuberculosis which de-

pends on the attainment of iron from resources of

host, as a result high frequency of iron deficiency

(anemia) is experienced frequently among the pa-

tients infected by TB10. The function of copper in

biological systems is activation of several enzymes

that work in oxidative and reductive reactions11.

Even though, copper has a lot of biological benefits,

but its excess is toxic for infection and might ob-

struct the growth of mycobacterium tuberculosis12.

Keeping in view the above consideration, this study

was designed to compare the demographic features

and divalent metal ions such as iron and copper

between pulmonary tuberculosis and non-tuberculo-

sis individuals. To the best of our knowledge, previ-

ously these parameters were not compared among

TB and Non-TB individuals in Pakistan. Thus, our

study would highlight the most prevalent risk pa-

rameter of TB among target population.

Patients and Methods

This case control study was carried out be-

tween January 2019 to December 2019 at the de-

partment of chest medicine, the sample was

collected by using simple random sampling tech-

nique. Sample size was calculated through open

EPI requiring 98 cases and same number of con-

trols, however we included 115 cases and 230 con-

trols in the study. Patients were grouped into two

categories i.e., Pulmonary Tuberculosis (cases

group) with 115 patients and without Ethical ap-

proval was taken from Institutional Review Board

(IRB#8255/). The study subjects were grouped in

two categories i.e. Tuberculosis Patients (Cases

group) with 115 patients and Non-TB Individuals

(Control group) with 230 subjects. The patients of

both genders with age between 18 years to 60

years were included in the study. Those patients

were suffering from extra pulmonary, MDR & XDR

tuberculosis, and failing to give consent were ex-

cluded from the study. Demographic profile was re-

corded through a pre-designed proforma. BMI was

computed as weight (Kg) / height (m)2. BMI less

than 18.5 Kg/m2 was considered underweight. Five

ml sterile gel tube was utilized to collect the blood

samples. The collected samples were then centri-

fuged and the obtained serum was investigated for

Iron (cat#ACN 8661,COBAS, Roche Germany) and

Copper (cat#6K93-30, Architect c Sytems, Abbot,

U.S.A) levels through Chemilumenisence method.

The collected data was evaluated by using

SPSS version 25.00 Descriptive statistics were cal-

culated for quantitative and qualitative variables.

Qualitative variables were presented in terms of fre-

quency and percentages while quantitative variables

were presented in terms of mean ± standard devia-

tion. To evaluate association of demographic param-

eters among study groups, Chi-square test and

Fisher exact test (as appropriate) were applied. Apart

from this, independent t-test was applied to deter-

mine significant mean difference of quantitative vari-

ables amongst study groups. Odd ratios were

calculated through Uni-variate Binary Logistic Regres-

sion. Adjusted odd ratios were determined through

Multi-variate Binary Logistic regression. P-value  0.05

was considered significant in all analysis.

Results

Total 345 individuals were enrolled in study out

of which 230 subjects without Tuberculosis were in-

cluded in control group and 115 Tuberculosis pa-

tients in case group. The results showed that mean

age was 30.96 ± 10.10 years (15 years to 60

years) in control group and 28.17 ± 12.72 years (15

years to 60 years) in case group. In control group
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most of the patients (55.2%) were belonged to age

group between 26-50 years while in case group,

most of the patients (58.3%) were from age group

25 years. In both control group and case group,

57.8% and 66.1% were male respectively. Detailed

comparison of control and case group are presented

in Table 1.

Uni-variate binary logistic regression shows

that male patient is more likely to have Tuberculo-

sis in comparison of female patient (OR=1.421,

p=0.140). Patient with age >50 years (OR=0.344,

p=0.018) are more likely to have Tuberculosis in

comparison of patient with age <50 years. In com-

parison of patient with normal serum copper, patient

with serum copper below normal are less likely for

Tuberculosis (OR=0.114, p=0.000) and patient with

serum copper above normal are more likely to de-

velop Tuberculosis (OR=3.566, p=0.001). Patient

with serum iron below normal are also more likely

to develop Tuberculosis in comparison of patients

with normal serum iron (OR=4.305, p=0.000). De-

tailed odds are presented in Table 2.

Mean iron serum was observed 80.00 ± 39.04

mcg/dL and 71.58 ± 46.15 mcg/dL in control group

and case group, respectively with the insignificant

difference (p=0.077), while mean serum copper was

93.53 ± 25.62 g/dL and 121.43 ± 31.05 g/dL in

control group and case group, respectively with a

significant difference (p<0.001), as presented in

Table 3 and Table 4.

Discussion

This study was an attempt to compare the as-

sociation of demographic features and divalent

metal ions between pulmonary tuberculosis and

non-tuberculosis individuals. In a study, the occur-

rence of underweight in TB patients was 57.17% as

compared to non-TB controls i.e., 23.37%13. Gupta

et al in their study concluded that the odds were

around 2.5 times greater in female than male TB

patients14. However, in contrast to their finding our

current study result reported that in odds of gender,

males were 1.4 times higher than the females TB

patients. Our findings are supported by the work of

Watkins et al, who in their study also reported a

similar ratio and higher frequency of male individu-

als affected with tuberculosis. The Cause of this

high proportion of TB cases in men in comparison

to women has been cited as social behavior since

females remained in houses, while the male

spends most of times outside and have more

chances of contracting the disease. The biological

differences such as immunity, exposure to tubercu-

losis associated with social behaviors including

smoking also have significant impact15.

The current study revealed that (36.5%) cases

of TB patients were underweight with low BMI.

Shukla et al in their study reported that the fre-

quency of under nutrition was 79 % i.e., BMI <18.5

among the patients suffering from TB. Further, 41

(20.5%) TB patients had BMI <14, that was consid-

ered as highly underweight. The study discovered

the relationship of nutritional status among TB pa-

tients with socio-economic status, living style, and

the factors related to health. The outcomes of mul-

tivariate analysis presented that those patients had

difficulty in breathing, has history of smoking, and

consuming other substances were expected to have

lower BMI16.

Dye et al in their study revealed that diabetes

was found to be significantly related to high BMI in

patients of TB with a multifaceted relation between

contagion, non-infectious diseases, and nutrition17.

However, our study demonstrated (12.2%) cases of

diabetes in TB affected individuals whereas (11.7%)

cases of diabetes were found in the control group

with a non-significant difference (p=0.906).

Iron deficiency and excess, both can compro-

mise immune and cellular functions. Low iron sta-

tus may impair motor activity and enhance disease

susceptibility whereas excess iron contributes to

toxicity by catalyzing reactive oxygen species. A

study by Boelaert et al. demonstrated the lower

iron concentration in serum of TB individuals as

compared to the healthy control group. They further
specified that mycobacterium tuberculosis ability of
reproduction in the host macrophages rely upon the
existing iron. The deficiency of iron in TB patients
might be owing to the mycobacterium iron intake18.

Our study findings are consistent with the above-

mentioned studies and reveal that iron serum level

was low in TB patients with respect to gender, age

group, nutritional status and diabetes mellitus with

an insignificant difference while significant difference
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Table 1. Comparisons of frequency of Basic Demographic Characteristics for TB and Non-TB Individuals

Non-TB Individuals TB Patients Total Individuals P-Value

n (%) n (%) n (%)

(n=230) (n=115) (n=345)

Gender Male 133(57.8) 76(66.1) 209(60.6) 0.139

Female 97(42.2) 39(33.9) 136(39.4)

Age Group   25 years 90(39.1) 67(58.3) 157(45.5) <0.001**

26-50 years 127(55.2) 37(32.2) 164(47.5)

>50 years 13(5.7) 11(9.6) 24(7)

BMI Group Underweight 19(8.3) 42(36.5) 61(17.7) <0.001**

Normal 65(28.3) 48(41.7) 113(32.8)

Overweight 45(19.6) 7(6.1) 52(15.1)

Obese 101(43.9) 18(15.7) 119(34.5)

Diabetes Mellitus Yes 27(11.7) 14(12.2) 41(11.9) 0.906

No 203(88.3) 101(87.8) 304(88.1)

Marital Status Single 103(44.8) 52(45.2) 155(44.9) 0.939

Married 127(55.2) 63(54.8) 190(55.1)

Serum Copper Below Normal 49(21.3) 3(2.6) 52(15.1) <0.001**

Above Normal 11(4.8) 21(18.3) 21(18.3)

Normal 170(73.9) 91(79.1) 91(79.1)

Serum Iron Below Normal 16(7) 28(24.3) 44(12.8) <0.001**

Normal 214(93) 87(75.7) 301(87.2)

Chi square test was applied.          *Fisher exact test was applied.                  ** Significant at 0.01 levels

Table 2. Odds Ratio of Cases Compared for TB and Non-TB Individuals

Unadjusted

Odds Ratio (95% CI) P-Value

Gender Male 1.421(0.891-2.266) 0.140

Female® 1

Age Group    25 years 0.880(0.371-2.085) 0.771

26-50 years 0.344(0.142-0.832) 0.018

>50 years® 1

BMI Group Underweight 12.404(5.928-25.953) <0.001

Normal 4.144(2.218-7.741) <0.001

Overweight 0.873(0.341-2.237) 0.777

Obese® 1

Diabetes Mellitus Yes 1.042(0.524-2.074) 0.906

No® 1

Marital Status Single 1.018(0.649-1.596) 0.939

Married® 1

Serum Copper Below Normal 0.114(0.035-0.377) 0.000

Above Normal 3.566(1.647-7.723) 0.001

Normal® 1

Serum Iron Below Normal 4.305(2.218-8.352) 0.000

Normal® 1

®Reference Group          Univariate and multivariate binary logistic regression was applied.


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Table 3. Mean comparison of iron serum (mcg/dL) for TB and Non-TB Individuals according to demographic characteristics.

STUDY GROUP P-Value

Mean±SD

Non-TB Individuals TB Patients

(n=230) (n=115)

Overall 80.00±39.04 71.58±46.15 0.077

Gender Male 82.43±41.08 72.18±45.80 0.098

Female 76.67±36.00 70.41±47.41 0.406

Age Group    25 years 76.77±37.96 72.95±46.53 0.572

26-50 years 82.38±40.62 70.81±47.36 0.144

>50 years 79.07±30.70 65.81±43.18 0.390

BMI Group Underweight 83.42±43.56 63.28±43.89 0.102

Normal 84.83±37.46 75.91±46.13 0.260

Overweight 78.68±41.76 86.57±59.00 0.663

Obese 76.84±38.15 73.55±46.97 0.746

Diabetes Mellitus Yes 65.66±27.36 65.00±53.91 0.958

No 81.91±40.01 72.49±45.20 0.065

Marital Status Single 77.69±38.32 78.86±46.52 0.868

Married 81.87±39.68 65.57±45.33 0.012**

Independent t-test was applied.                          ** Significant at 0.05 levels

Table 4. Mean comparison of serum copper ( g/dL) for TB and Non-TB Individuals according to demographic characteristics.

  STUDY GROUP   P-Value

Mean±SD

Non-TB Individuals TB Patients

(n=230) (n=115)

Overall 93.53±25.62 121.43±31.05 <0.001**

Gender Male 94.74±27.64 117.86±27.71 <0.001**

Female 91.87±22.60 128.38±36.08 <0.001**

Age Group    25 years 96.44±26.12 118.32±31.99 <0.001**

26-50 years 91.44±26.19 125.81±29.56 <0.001**

>50 years 93.76±12.47 125.63±30.62 0.007

BMI Group Underweight 89.89±16.58 115.38±32.04 <0.001**

Normal 91.40±23.36 124.00±23.36 <0.001**

Overweight 92.06±27.02 138.42±25.29 <0.001**

Obese 96.62±27.64 122.05±26.01 <0.001**

Diabetes Mellitus Yes 94.55±12.49 126.71±38.19 <0.001**

No 93.39±26.91 120.70±30.09 <0.001**

Marital Status Single 95.41±28.50 115.28±31.68 <0.001**

Married 92.00±23.03 126.50±29.82 <0.001**

Independent t-test was applied.                                      ** Significant at 0.01 levels


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was explored with low iron serum in TB patients

with respect to marital status and blood group.

Copper is an essential nutrient that is widely

distributed in food and water. Elevated Cu levels are

characteristic of most acute and chronic infections

as well as tuberculosis. Serum Cu levels have been

reported to be higher in tuberculosis patients19. In a

study carried out in Korea, it was reported that the

patients suffering from pulmonary TB possessed

significantly higher serum copper as well as cobalt

than healthy control group, whereas zinc and sele-

nium concentrations were significantly low20. There

is a reasonable clarification for the relationship of

high concentration of copper in TB patient. The re-

duction in the levels of zinc, which takes place in

TB patient, avoids the entry   of copper to the tis-

sues, and this contributes to increase of serum

copper level21. The findings of current study are in

agreement with the above cited studies as we also

found significantly raised copper levels in serum of

TB affected individuals when compared with the

controls.

Conclusion

Male patients in productive age groups were

commonly affected with tuberculosis. In tuberculo-

sis patients, a low serum iron concentrations along

with significantly high concentration of serum of

copper were found. Subsequently, it may increase

the human susceptibility to the infection of myco-

bacterium tuberculosis.
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