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ABSTRACT
Tuberculosis is an infectious disease that causes major deaths worldwide and is a major global
health threat for the last 25 years. Pulmonary tuberculosis is characterized by damage and
necrosis of lung tissue, unlike other lung infections which mainly affect the airways which can
cause damage that causes a decrease in lung resistance in meeting the body's needs, including in
meeting the capacity of the respiratory system in supplying oxygen to meet the needs of the
lungs. Therefore, this study aims to analyze the factors that influence the Cardiorespiratory
Fitness Index in pulmonary TB patients of productive age in Palembang City so that they can
predict lung tissue damage that has occurred. This type of research is a quantitative
observational analytic study with a cross sectional design. The research was carried out in
September 2022 in the working area of the Palembang City Health Center. The results of this
study indicate a significant relationship between Index Cardiorespiratory Fitness (VO2Max)
and age (p=0.019), body mass index (p=0.016) and HDL levels (p=0.019) but there is no
significant relationship to other research variables .
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1. INTRODUCTION
Tuberculosis is an infectious

disease that causes major deaths
worldwide and has been a major
global health threat for the past 25
years.1 It is estimated that nearly 2
billion people (about a quarter of the
world's population) are infected with
M. tuberculosis. About 10 million
people suffer from TB disease and 1.6
million people die each year.2,3 Most
cases of tuberculosis are found in low-
and middle-income countries.

Eight countries accounted for
two-thirds of the global total,
including India (26%), Indonesia
(8.5%), China (8.4%), Philippines
(6.0%), Pakistan (5.7%), Nigeria
(4.4%), Bangladesh (3.6%) and South
Africa (3.6%).4 In 2020 the number of

tuberculosis cases found was 351,936
cases and was found in the age group
45 - 54 years, which was 17.3%,
followed by the age group 25 - 34
years by 16.8% and 15 - 24 years
16.7%.5Tuberculosis is transmitted
through aerosolized microdroplets
from active tuberculosis patients
when coughing, talking, or sneezing
M. tuberculosis will then enter the
airway into the lungs and infect the
lungs. Pulmonary tuberculosis is
characterized by damage and necrosis
of lung tissue, unlike other lung
infections that primarily affect the
airways.6,7 This damage often leads to
diffuse fibrotic consolidation of lung
tissue, leading to a general decrease in
lung tissue complement. This will
lead to a decrease in the lung's ability
to meet the body's needs.8,9
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Cardiorespiratory Fitness refers
to the capacity of the circulatory and
respiratory systems to supply oxygen
for the production of energy needed
during physical activity.10 The
Cardiorespiratory Fitness Index is an
important variable in looking at a
person's fitness level. The level of
Cardiorespiratory Fitness can be
described through a person's VO2Max

Capacity.11 VO2Max measurement
can be done directly and indirectly.
Direct VO2Max measurement using a
computerized spirometer so that it has
objective results. Indirect methods in
the form of field tests a form of test
designed to evaluate aerobic fitness
by providing a measurable workload,
such as running a certain distance.
Measurement of fitness by estimation
or prediction through heart rate is an
indirect measurement of aerobic
capacity.12

Seeing that tuberculosis disease
can create damage that causes a
decrease in lung endurance in meeting
the needs of the body including in
meeting the capacity of the respiration
system in supplying oxygen for daily
needs, this study aims to analyze the
factors that influence
Cardiorespiratory Fitness Index in
pulmonary TB patients of productive
age in Palembang City in order to
predict lung tissue damage that has
occurred.

2. METHOD
This type of research is an

analytic observational quantitative
research with a cross sectional design.
The study was conducted in
September 2022 in the Palembang
City Health Center working area. The
sample of this study were some

productive-age pulmonary TB
patients undergoing treatment in the
Palembang City Health Center work
area with a minimum of 45 patients
taken proportionally at each Health
Center in Palembang City by
purposive sampling. The variables of
this study were age, gender, body
mass index, blood pressure, oxygen
saturation, physical activity, total
cholesterol, triglycerides, LDL, HDL,
pulse and maximum oxygen volume
(VO2Max) which were analyzed
univariately to obtain an overview of
the statistical size and frequency
distribution of each variable studied
and bivariate analysis with the Chi
Square test was used to analyze the
effect of Cardiorespiratory Fitness
Index on pulmonary TB patients of
productive age in Palemban City.

3. RESULTS
A total of 90 respondents were

selected in this study. Respondents
were pulmonary TB patients who
were undergoing treatment at the
Palembang City Health Center work
area. Univariate analysis was
conducted on 90 respondents to see
the distribution of the variables
studied, namely age, gender, BMI,
blood pressure, oxygen saturation,
physical activity, total cholesterol,
triglycerides, LDL, HDL, pulse and
maximum oxygen volume (VO2Max).
The results of univariate analysis
showed gender variations in this study
consisted of men (66.7%) and women
(33.3%). The age of respondents
varied with the youngest age being 18
years and the oldest 59 years with an
average age of 40 years (40.02 ±
12.59). The distribution of other
variables can be seen in Table 1.

Bivariate analysis aims to see



Majalah Kedokteran Sriwijaya
Th.55 Nomor 2, April 2023

whether or not there is a relationship
between the independent variable and
the dependent variable tested using
the Chi Square test, with a meaning
limit of p < 0.05. So that if the results
of the study show a P value <0.05, it
is said that H0 is rejected, which
means that the two variables have a
statistically significant relationship.
Chi Square statistical test results
showed a relationship between age
(p=0.019), body mass index (p=0.016)
and HDL (p=0.019) with maximum
oxygen volume levels (VO2Max) but
no relationship was found in other
variables. The results of bivariate
analysis and Chi Square statistical test
can be seen in Table 2.
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Table 1. Variable distribution overview

Variables Frequency (n= 90) Percentage (%)

Age
≤ 40 42 46,7
> 40 48 53,3

Gender

Male 60 66,7
Female 30 33,3

IMT

Underweight (<18.5) 28 31,1
Normal (18.5-22.99) 44 48,9
Overweight (23-24.99) 14 15,6
Obese (>25) 4 4,4

Blood Pressure
Hypertension (≥140/90 mmHg) 16 17,8
Normal (<140/90 mmHg) 74 82,2

Oxygen Saturation
Abnormal (<95%) 0 0
Normal (≥ 95%) 90 100

Physical Activity
Lightweight 54 60,0

Medium 32 35,6
Weight 4 4,4

Total cholesterol

Abnormal (≥ 200 mg/dl) 54 60,0
Normal (<200 mg/dl) 36 40,0

Triglycerides

Abnormal (≥ 200 mg/dl) 4 4,4
Normal (<200 mg/dl) 86 95,6

LDL

Abnormal (≥ 130 mg/dl) 56 62,2
Normal (<130 mg/dl) 34 37,8

HDL

Abnormal (≤ 40 mg/dl) 42 46,7
Normal (>40 mg/dl) 48 53,3

Nadi

Bradycardia (< 60x/min) 0 0
Normal (60-100x/min) 78 86,7
Tachycardia (>100x/min) 12 13,3

Maximal Oxygen Volume
(VO2Max)

Less 76 84,4

Average 14 15,6
Good 0 0
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Table 2. Chi Square Test Results

Variables
MaximumOxygen Volume

(VO2Max) (n=90) Total p value
Less Medium

Age
≤ 40 40 (95,2) 2 (4,8) 42 (100,0)
> 40 36 (75,0) 12 (25,0) 48 (100,0) 0,019

Gender
Male 48 (80,0) 12 (20,0) 60 (100,0)

Female 28 (93,3) 2 (6,7) 30 (100,0) 0,129

IMT
Underweight 26 (92,9) 2 (7,1) 28 (100,0)

Normal 38 (86,4) 6 (13,6) 44 (100,0) 0,016
Overweight 8 (57,1) 6 (42,9) 14 (100,0)
Obesity 4 (100,0) 0 (0) 4 (100,0)

Blood Pressure
Normal 12 (75,0) 4 (25,0) 16 (100,0)

Hypertension 64 (86,5) 10 (13,5) 74 (100,0) 0,264

Physical Activity
Lightweight 46 (85,2) 8 14,8) 54 (100,0)

Medium 26 (81,3) 6 (18,8) 32 (100,0) 0,604
Weight 4 (100,0) 0 (0) 4 (100,0)

Total cholesterol
Abnormal 42 (77,8) 12 (22,2) 54 (100,0) 0,066

Normal 34 (94,4) 2 (5,6) 36 (100,0)
Triglycerids
Abnormal 4 (100,0) 0 (0,0) 4 (100,0)

Normal 72 (83,7) 14 (16,3) 86 (100,0) 1,000

LDL
Abnormal 44 (78,6) 12 (21,3) 56 (100,0) 0,094

Normal 32 (94,4) 2 (5,9) 34 (100,0)
HDL
Abnormal 40 (95,2) 2 (4,8) 42 (100,0) 0,019

Normal 36 (75,0) 12 (25,0) 48 (100,0)
Nadi
Takikardi 12 (100,0) 0 (0) 12 (100,0) 0,201

Normal 64 (82,1) 14 (17,9) 78 (100,0)
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4. DISCUSSION
Univariate analysis showed that

the average age of patients was 40
years old with 48 (53.3%) respondents
over 40 years old and 42 (46.7%)
under 40 years old. This study is
different from previous studies where
the age of pulmonary TB patients was
more at the age of under 40 years
(64.5%).13 This difference can be
caused by different sample sizes and
differences in the demographics of
each region. In addition, in old
adulthood, the body's immune factor
begins to decline so that it is prone to
infection.14 In addition, age over 40 is
still a productive age that has a high
risk of developing pulmonary TB due
to the tendency to interact with many
people.13

There are differences in the
number of pulmonary TB patients
based on gender. In this study, the
number of pulmonary TB respondents
was more in male respondents,
namely 60 people (66.7%) compared
to 30 women (33.3%). The incidence
of pulmonary TB is more common in
the male gender because men have
high mobility than women, so the
possibility of exposure is greater,
besides unhealthy living habits such
as smoking and consuming alcohol
which can reduce the body's defense
system which is often done by men
can be an agent of pulmonary TB
disease.15

IMT results in pulmonary TB
patients in this study were more
normal IMT results (48.9%)
compared to underweight (31.1%),
overweight (15.6%), and obesity
(4.4%). The results of this study are
different from previous studies, which
showed more underweight patients
(51.6%) compared to normal BMI

(43.4%) and obesity (5%)13. This is
because patients with active
pulmonary TB experience drastic loss
and among them show signs of
mineral and vitamin deficiencies. This
is due to several factors, with
decreased appetite and food intake as
well as metabolic losses and changes
associated with inflammatory and
immune responses being among the
factors. TB patients will generally
experience an increase in body mass
index after 6 months of treatment with
OAT (anti-tuberculosis drugs). An
increase in BMI in TB patients is a
good marker of decreased likelihood
of relapse TB infection. This is only
possible in patients with normal BMI.
In overweight BMI, the possibility of
TB reinfection may occur if the
excessive BMI leads to metabolic
diseases that can increase the risk of
TB reinfection such as diabetes
mellitus.16

The results of this study showed
that pulmonary TB patients with
hypertension were 17.8% less than
those with normal blood pressure
(82.2%). This is because there is no
change in blood pressure when
patients suffer from tuberculosis and
there is no relationship between blood
pressure and tuberculosis disease.
However, blood pressure can increase
if there are comorbidities.17

The results of oxygen saturation
and pulse in this study showed that all
respondents had normal oxygen
saturation. The results of this study
are in accordance with previous
research, namely all respondents have
normal oxygen saturation and pulse.
The results of normal oxygen
saturation and pulse indicate that lung
parenchymal function is still good or
in a period of improvement. This
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indicates a good prognosis for
pulmonary TB patients.18

Based on the results of this
study, pulmonary TB patients tend to
have light physical activity (60%),
some have moderate physical activity
(35.6%), and only a few have heavy
physical activity (4.4%). The results
of this study are different from
previous studies, namely moderate
(54.3%) and heavy (33.7%) physical
activity more than light physical
activity (12%).19

The lipid profile of respondents
in this study had many abnormal
results. Total cholesterol levels in the
study were found to be normal as
much as 40% and abnormal as much
as 60%, triglycerides (normal =
95.6%, abnormal = 4.4%), LDL
(normal = 37.8%, abnormal = 62.2%),
and HDL (normal = 46.7%, abnormal
= 53.3%). The results of this study are
in accordance with previous research
where there was a significant increase
(p- value <0.001) in total cholesterol,
LDL, and HDL from baseline to the
treatment period of weeks 6 and 10.20

This is due to the body's response to
MTB bacterial infection during the
acute phase and treatment response. In
the acute phase, MTB has the use of
fat rather than carbohydrates so that
cholesterol levels decrease. However,
after undergoing treatment, MTB
bacteria begin to decrease so that
cholesterol levels return according to
the patient's nutritional intake,
physical activity, and lifestyle.20,21 In
addition, low cholesterol levels
including LDL and HDL correlate
with more extensive pulmonary TB
disease, such as larger caseous lesions
and severe fibroencapsulation.22

The results of the
Cardiorespiratory Fitness Index

(VO2Max) of respondents in this
study did not have good VO2Max
results and most were in the poor
category (84.4%) and the average
category (15.6%). In pulmonary TB
patients, damage to the lung
parenchyma as well as TB sequele or
TB lesions in the lungs will affect
respiratory function which affects
lung vital capacity as indicated by
VO2Max results which show the
ability of body tissues to bind oxygen
during activity. The healing of lung
tissue in post-pulmonary TB patients
can be divided into complete or
normal recovery without leaving lung
defects, recovering by leaving lung
defects (sequele). Healing with
sequele will affect body activity and
lung function.23

The results of statistical tests
with the Chi Square test showed that
there was a relationship between age
(p=0.019), body mass index (p=0.016)
and HDL (p=0.019) to VO2Max and
there was no relationship between
gender (p=0.129), blood pressure
(p=0.264), physical activity (p=0.604),
total cholesterol (p=0.066),
triglyceride (p=1.000), LDL
(p=0.094), and pulse (p=0.201) to
VO2Max in patients with pulmonary TB
of productive age in Palembang City.

The results of the study are in
line with previous research, which
found a relationship between age and
VO2Max (p=0.02). The decrease in
VO2Max with age occurs because the
lungs, heart, and blood vessels begin
to decline in function. There are
studies that state that the age of 20-30
years is the peak age of heart and lung
endurance and then will experience a
decline, this is due to increasing age
so that a person will reduce various
sports activities and tend to choose to
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work a lot. After the peak age,
VO2Max will decrease with age. As
age increases, physical exercise
routines and activities decrease, so
VO2Max resistance also . As a person
gets older, energy requirements also
decrease, and there is a decrease in
muscle strength leading to faster
fatigue.24,25

The same results found in
previous research, there is a
relationship between BMI and
VO2Max (p=0.000). This is because
physiological factors play an
important role in the decreased
oxygen consumption in individuals
with a high body mass index. In
obesity there is an increase in type II
muscle fibers and a decrease in type I
muscle fibers that have an important
effect on reducing oxygen uptake,
where in obesity there is an increase
in myosin chain isoform IIx (IIb)
mRNA. Thus, type II fibers can result
in fat sequestration of storage in
skeletal muscle (intramuscular
triglycerides) or adipose tissue and
followed by decreased oxidation in
skeletal muscle.26

The same research results were
also found in previous studies, there
was no relationship between VO2Max

and lipid profiles, namely total
cholesterol (p=0.247), LDL (p=0.699),
HDL (p=0.538), and triglycerides
(p=0.956).27 Different results in other
studies found that there was a
relationship between total cholesterol
and VO2Max (p=0.045) and other
studies also found that there was a
relationship between cholesterol and
VO2Max (p=0.000).26 Excessive
amounts of body fat will inhibit heart
function. This occurs because the
muscles are actively working, fail to
extract oxygen due to

disproportionate fat tissue deposition.
Disproportionate fat deposits cause
the musculoskeletal system to fail to
obtain sufficient amounts of oxygen
during activity resulting in decreased
oxygen uptake used for intracellular
metabolism, especially
musculoskeletal cells. Therefore, an
increase in total body fat percentage
will result in a decrease in
VO2Max.26,28 High levels of
triglycerides and low density
lipoprotein (LDL), and low high
density lipoprotein (HDL). This
causes too heavy a load to interfere
with heart function. The high fat in
the body will become an obstacle and
cause additional burden on
cardiorespiratory function. This
decreased function will result in
decreased oxygen uptake for
intracellular metabolism, especially
musculoskeletal cells. Due to
disproportionate fat deposits, the
musculoskeletal system cannot obtain
the optimal amount of oxygen,
resulting in low VO2Max values.

29

5. CONCLUSION
Based on the results of

research that has gone through the
stage of analyzing the factors that
influence Cardiorespiratory Fitness
Index in Pulmonary TB patients at
productive age, it is concluded that
there is a significant relationship
between age, body mass index and
HDL levels in influencing
Cardiorespiratory Fitness Index
(VO2Max) with proven Chi Square
statistical tests where age, body mass
index and HDL. Other factors that are
used as variables in this study do not
have a significant relationship as
factors that affect Cardiorespiratory
Fitness Index. Age, body mass index
and HDL factors affect VO2Max but
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further and in-depth research is still
needed regarding other factors that are
not significantly related to this study.
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