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Background: The association between tuberculosis (TB) and malnutrition has been recognized for a long time. A body
mass index (BMI) below 18.5 increases the risk of TB by 2-3 times. Conversely, an increase in body weight lowers
the risk.

Objective: To assess the nutritional status and change of patients’ bodyweight over time depending on TB treatment
outcome.

Materials and Methods: The study was conducted on newly identified smear-positive patients registered under DOTS in
two treatment units present in Amritsar city, Punjab, India. BMI of every patient was calculated from the weight and height
measurements at the time of registration and again on completion of treatment. Nutritional requirement of the subjects
was calculated using the Harris—Benedict equation. Data management and analysis was done by using Microsoft excel
and SPSS software, version 17.00.

Results: Of 250 patients, 149 (59.6%) were men and 101 (40.4%) women. Male preponderance, with male to
female ratio of 1.5:1 was seen; 97.3% of the total men and all of the women were taking diet deficient in calories.
It was observed that, in the beginning, 69.2% patients were underweight among which 34% are severely underweight having
BMI < 16 kg/m?; 29.6% cases were having normal BMI, while only 1.2% cases were preobese. At the end of treatment,
it was evident that 62.8% of the cases were still underweight, 34.9% of the cases showed normal BMI, and 2.3% were in
the preobese category.

Conclusion: In this study, it was observed that that mean BMI in cured cases at the end of treatment was higher when
compared with cases with outcome as failure. The results were found to be statistically significant. So, it was concluded

that poor nutritional status is associated with unfavorable outcome in TB.
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Introduction

Globally, every year, India has the highest number of new
cases of tuberculosis (TB), multidrug-resistant TB (MDR-TB),
and deaths related to TB.[" India continues to have a large
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burden of poverty and undernutrition among both adults
and children.? TB has been called “phthisis” owing to pro-
found wasting. In a book published in 1949, which reviewed
the epidemiological risk factors for TB at a global level,
Dr. JB McDougall of the WHO stated: “The nutrition of the
individual using the term in its widest sense, is the most vital
factor in the prevention of tuberculous disease.”® Malnutrition
can predispose pulmonary tuberculosis (PTB). Conversely,
PTB can result in malnutrition. Undernutrition selectively
compromises cell-mediated immunity, which is the principal
defense against Mycobacterium tuberculosis and, thereby,
increases the risk of reactivation of latent infection to disease.
Moreover, poor nutritional status is associated with risk of TB
relapse and mortality.®
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The body massindex (BMI), or Queteletindex, is a statistical
measure of the weight of a person scaled according to height.
It was invented between 1830 and 1850 by the Belgian poly-
math Adolphe Quetelet during the course of developing
“social physics.” BMI is defined as the individual’s body weight
divided by the square of their height. It is a more accurate
marker of nutritional status than weight because it also takes
height into account.®! A successful TB treatment should result
in weight gain among underweight individuals through restor-
ing muscle and fat mass, depending on the nutritional intake.[”
Previous studies on cohorts of mixed HIV status have shown
that weight changes during early TB treatment can be useful
indicators of TB treatment outcomes.®!

The objective of this article was to assess the nutritional
status and change in patients’ bodyweight over time depend-
ing on the TB treatment outcome. We hypothesized that the
trends of patients’ bodyweight with poor outcome, those who
had died or failed during treatment, differed from those who
had been treated successfully.®!

Materials and Methods

The study was conducted on newly identified smear-
positive patients registered under directly observed treatment,
short course (DOTS) in two treatment units (TUs) present in
Amritsar city, Punjab, India: the Chest and TB Hospital and
the Civil Hospital. A predesigned and pretested pro forma
was administered to the subjects after taking their consent.
Approval of college ethical committee was granted at the time
of the submission of the plan of the study.

On the basis of the quarterly reports of both the TUs and
by the expected incidence of new smear-positive (NSP) cases
in the northern zone of India, which is 95/lac population/year,
a quota of 250 cases was affixed. (As population covered by
the two TUs is approximately 11 lac, the expected NSP cases
in a year comes around 1045 and expected cases in a quar-
terly cohort is around 250.) Thus, the study sample consisted
of 250 NSP cases that were enrolled from December 1, 2009,
to February 28, 2010. The study period was extended till the
projected number was achieved.

NSP patients aged more than 15 years were included in
the study. Patients with extra PTB and smear-negative TB
patients were excluded.

BMI of every patient was calculated from the weight and
height measurements at the time of registration and again
on the completion of treatment. Height was measured with a
narrow, flexible, nonstretchable measuring tape. The patient
was asked to stand along the wall, feet parallel, and heels,
buttocks, shoulders, and back of the head touching the wall.
The head was held comfortably erect. A flat surface object
was held on top of the head, and by lowering measuring tape,
height was recorded in centimeters. A standard stand-on-
scale weighing machine was used for measuring weight.
It was regularly standardized by putting a known weight over
it. The patient was made to stand on machine without shoes
at the center of the platform without touching anything. Weight

was recorded at the time of registration and again on the
completion of the treatment:

BMI = Weight (Kg)/Height? (m).

The cases were classified based on BMI (kg/m?) as per
WHO criteria as follows:

Severe underweight: <16.00
Moderate underweight: 16—-16.99
Mild underweight: 17-18.49
Normal: 18.5—-24.99

Preobese: 25-29.9

Obese: =30

Nutritional Requirement of the Subject Assessed by
Using Harris—Benedict Equation’

1. Step 1
a. Basic metabolic rate (BMR; male) = 66 + (13.7 x weight
in kg) + (5 height in cm) — (6.76x age in years).
b. BMR (female) = 655 + (9.6 x weight in kg) + (1.8 %
height in cm) — (4.7 X age in years)

2. Step 2
a. Applying the Harris—Benedict principle daily calories
needed

Little to no exercise: BMR x 1.2

Light exercise (1 day to 3 days/week): BMR x 1.375
Moderate exercise (3-5 days/week): BMR x 1.55
Heavy exercise (6—7 days/week): BMR x 1.725
Very heavy exercise (twice per day): BMR x 1.9

Data management and analysis was done by using
Microsoft Excel and SPSS software, version 17.00.

Results

This study was carried out on 250 newly diagnosed
smear-positive PTB cases registered under two TUs present
in Amritsar city, Punjab, India. The total sample consisted
of 149 (59.6%) male and 101 (40.4%) female patients.
It was observed that majority (94.8%) of the cases belonged
to economically productive age group of 15-59 years
[Table 1].

Table 1 shows that 97.3% of the total male patients and
all of the female patients were taking diet deficient in calories.

It is observed that, in the beginning, 69.2% patients were
underweight among which 34% were severely underweight
having BMI < 16 kg/m? 29.6% cases were having normal
BMI while only 1.2% cases were preobese [Table 2]. At the
end of the treatment, it was evident that 62.8% of the cases
were still underweight, 34.9% of the cases were having nor-
mal BMI, and 2.3% arrived in the preobese category. Weight
of 27 cases could not be recorded at the end, which included
cases that died, defaulted, transferred out, or cases that did
not come.
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Table 1: Distribution of cases according to calorie intake

Calorie intake Male (n = 149), N (column %)

Female (n=101), N (column %)

Total (n = 250), N (column %)

Less than required {row %}
Mean deficit + SD
Adequate {row %}

145 (97.3) {58.9}
800 + 325.3
4 (2.7){100.0}

101 (100.0) {41.1}
485 +213.2
0 (0) {0}

246 (98.4) {100.0}
671 +323.6
4 (1.6) {100.0}

Table 2: Distribution of cases according to BMI in the beginning and at the end of treatment

Grades

In the beginning (n = 250), n (%)

At the end of treatment (n = 223), a n (%)

Severe underweight 85 (34.0) 55 (24.7)
Moderate underweight 29 (11.6) 36 (16.1)
Mild underweight 59 (23.6) 49 (22.0)
Normal 74 (29.6) 78 (34.9)
Preobese 3( 5(2.3)

aExcluding dropouts.

Table 3: Distribution showing the treatment outcome and the changes in mean BMI at the beginning and at the end of treatment in cured and

failure cases

Outcome No. of cases, BMI at the beginning BMI at the end Significance
n =250 (%) (mean = SD) (mean = SD)
Cured 210 (84.0) 17.37 £ 2.87 17.87 +2.83 t=10.151, df=209, p < 0.001
Failure 13 (5.2) 18.27 +£3.28 18.18 £ 3.08 t=0.808, df=12, p=0.435
Treatment completed 1(0.4) Mean BMI at the end of treatment could not be calculated
Defaulted 12 (4.8)
Transferred out 4 (1.6)
Died 10 (4.0)

Table 3 illustrates that, among the total 250 cases
under study, 84% were cured and 0.4% completed treatment.
Thirteen cases were sputum positive even 5 months after treat-
ment, that is, failure rate was 5.2%; 4.8% cases defaulted, 1.6%
transferred out, and 4% died during the treatment. Mean BMI in
cured cases at the beginning of the treatment was 17.37 + 2.87
and at the end of the treatment was 17.87 + 2.83. The results
were found to be statistically significant (p < 0.001). While
in cases that were failure, mean BMI at the beginning of the
treatment was 18.27 + 3.28 and at the end of the treatment
was 18.18 + 3.08. The results were not found to be statistically
significant (p = 0.435).

Discussion

The age-wise distribution showed that 94.8% cases were
from 15 to 59 years age group and only 5.2% were 60 years
or older. In this study, it was observed that, of the total 250
cases, 59.6% were males and 40.4% were females, that is,
male to female ratio of 1.5:1 approximately.

The association between TB and malnutrition is well
recognized. As cell-mediated immunity is the key host
defense against TB, malnutrition is, therefore, an important
risk factor for the development of TB. In this study, it was
observed [Table 1] that majority (98.4%) of the cases were
taking diet deficient in calories. BMI was calculated at the
time of registration and at the end of the treatment. Table 2
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illustrates the distribution of cases according to BMI. At the
end of the treatment, BMI of 223 cases was recorded, exclud-
ing those who were dropouts or did not come at the comple-
tion of the treatment. It was observed that, in the beginning,
69.2% of the cases were underweight (BMI < 18.5 kg/m?) and,
at the end, 62.8% still remained underweight; 29.6% were
normal (BMI = 18.5-24.99 kg/m?) and 1.2% were preobese
(BMI = 25-29.9 kg/m?) at the beginning which increased to
34.9% and 2.3%, respectively, at the end of treatment. Table 3
shows the treatment outcomes of the NSP cases observed
in this study: cured (84%), treatment completed (0.4%),
failure (5.2%), defaulted (4.8%), transferred out (1.6%), and
died (4%). It reveals significant change in mean BMI in cured
cases from 17.37 + 2.87 in the beginning to 17.87 + 2.83 at
the end of the treatment (p = <0.001), showing significant
weight gain in cured cases. The change in the mean BMI
of the failure cases before and after the treatment was not
significant (p = 0.435).

The findings in our study are in consonance with the
findings of the study conducted by Mohrana et al.l'” in a
tertiary level health facility of Orissa, India, which showed
that 91.4% of the cases belonged to economically productive
age group of 15-59 years.' A study conducted by Chand
et al.l" at Chest and TB hospital, Amritsar, Punjab, India,
showed that, among total 200 TB patients under study, 120
(60%) were male and 80 (40%) were female patients.['"!
A review of studies by WHO, Stop TB Department, Geneva,
Switzerland, showed a log-linear inverse relationship
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between TB incidence and BMI. In other words, across all
these studies, TB incidence increased exponentially as BMI
decreased.l'? In this study also, it was observed that 69.2%
of the cases registered were having low BMI of <18.5.
Another case—control study by Pakasi et al.l'® reported
that, of 121 TB patients, 87% had malnutrition compared to
33% among controls. In addition, mean BMI of the patients
was significantly lower than that of controls.l"® The findings
in our study are in accordance with the study conducted
by Chennaveerappa et al.l'4 at Hassan, Karnataka, India,
showing that, among 58 NSP patients, treatment 49 patients
(84%) got cured, 4 (6%) patients died, 3 (5%) patients were
defaulters, and 2 patients were treatment failures.!'¥
In another study conducted by Vasantha et al. in Tiruvallur
district, Tamil Nadu, India, it was observed that the aver-
age gain in weight was 3.22 kg among smear-positive cases
registered under DOTS. It was concluded that there is an
association between gain in weight with DOT and cure of
the patients.['3

Our study had certain limitations and strengths such as
cross-sectional nature of the study with limited number of
patients and duration of study but we hope that it clears the
way for further research. Moreover, other risk factors of poor
weight gain and unfavorable outcome such as presence of
comorbidities and addictions in TB patients were not taken
into account.

Our study has important implications. The nutritional
profile of a population has been considered an important
determinant of TB. The classic article by Rose!'® highlighted
the importance of addressing the determinants of the popula-
tion incidence rate of a disease by a population-based strategy
to “lower the mean level of risk factors, and to shift the whole
distribution of exposure to a more favorable direction.”®

Conclusion

From this study, it is concluded that poor nutritional status
is associated with the risk of TB and unfavorable outcome.
Despite the high burden of malnutrition, assessment of
nutrition intake is often neglected in clinical practice and in
national TB programs. There is a need of nutritional
counseling and supplementation, which may improve TB
treatment outcomes. The observation of Rene Dubos, the
noted microbiologist, experimental pathologist and human-
ist, appears prescient and relevant in this context: “It is most
unlikely that drugs alone, or drugs supplemented by vacci-
nation, can control TB in the underprivileged countries of the
world as long as their nutritional status has not been raised to
a reasonable level.”'”
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