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ABSTRACT

BACKGROUND

Pulmonary function decreases with age. Similarly, physical exercise capacity
measured by maximal oxygen uptake, which is one indicator to measure the
level of cardiac and pulmonary vascular resistance, decreases by >1% per
year. This results in many respiratory diseases that occur in older persons,
especially in obese older persons. Pulmonary function is a basic component
of cardiopulmonary endurance, besides other factors such as age,
hemodynamics, metabolism, and lifestyle. The objective of this study was
to determine whether body mass index (BMI) and pulmonary function
have a significant association with cardiopulmonary endurance in older
women.

METHODS

The study used a cross-sectional design involving 66 subjects aged 60
years and older in South Jakarta. Data was collected by measuring body
mass index (BMI), pulmonary function (FEV1, FVC, FEV /FVC) and maximal
oxygen uptake (VO, max) for cardiopulmonary endurance. Data analysis
used simple and multiple linear regression tests in SPSS v.25, with p<0.05.

RESULTS

Ofthe 66 older persons, 57.6% was obese. Pulmonary function of subjects
showed restriction (33.3%), obstruction (6.1%) and a combination of
restriction and obstruction (1.5%). Furthermore, mean VO, max was 12.2

mL/kg/min. Multiple linear regression analysis showed a significant
association of BMI and FEV /FVC with VO, max (3 =-0.56; 95% CI=-0.81

-(-) 0.31; p=0.000; B=0.09; 95% CI=0.01-0.18; p=0.028). BMI was the most
influential risk factor of VO, max (Beta = -0.46).

CONCLUSIONS

There was a significant association of BMI and FEV /FVC with VO, max,
BMI being the most influential risk factor of cardiopulmonary endurance in
older women.
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INTRODUCTION

The population of older persons is increasing
rapidly in the world, including in Indonesia. Within
a span of five decades, the percentage of the
older population (aged >60 years) in Indonesia
has doubled to 9.6%, or around 25 million people
from 1971 to 2019.® In old age, the body
experience changes in biological and
psychological processes due to aging, which
results in susceptibility to degenerative diseases,
including those related to the respiratory system.
In healthy aging, changes in respiration usually
do not lead to serious pulmonary problems.” The
changes in old age related to the respiratory
system include changes in lung parenchymal
tissue and structural changes of the thoracic cage,
pulmonary function abnormalities, air ventilation
and diffusion problems, and decreased respiratory
muscle strength leading to low exercise capacity,
but these will not cause serious problems, such
as airway obstruction or pulmonary parenchymal
disease, due to the sufficient functioning of
pulmonary reserves capacity.®>

In addition, older persons may also
experience a decrease in lung stretch capacity
caused by a decrease in the elasticity or recoil of
the lung parenchyma and chest cavity. This
condition is associated with a decrease in energy
expenditure of the respiratory system.®
Pulmonary function tests measure lung volume,
capacity and rate of flow, and some
measurements such as forced expiratory volume
in one second (FEV) and forced vital capacity
(FVC) which decreases along with increasing
age. Meanwhile, pulmonary capacity remains the
same. In addition, forced vital capacity may
decrease due to an increase in residual volume
and decreased diffusion capacity.?¥

Cardiopulmonary endurance is defined as
the ability of the circulatory, respiratory, and
muscular systems to efficiently deliver oxygen
and nutrients into the cells through the blood
vessels during physical activity. Maximal oxygen
uptake (VO, max) is one indicator to measure
the level of cardiac and pulmonary vascular
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resistance, which can determine a person’s
physical exercise ability.”® Aging is associated
with a progressive decrease in physical activity
capacity. In addition, maximal oxygen uptake
(VO2 max) decreases by >1% per year
depending on the individual capacity of physical
activity.®® Furthermore, the main problem is a
decrease in the maximal oxygen uptake rate or
VO2 max, caused by an increase in the ratio of
dead space to ventilation volume and the
differences in oxygen levels between the alveoli
and the arteries that occur during physical
activity.(”

Pulmonary function is a basic component
of cardiopulmonary endurance although several
other factors also are of influence, such as age,
hemodynamics, metabolism, and lifestyle.
Several studies have been conducted to assess
the correlation between age and pulmonary
function, such as the study conducted by Roman
et al.,® which found that age can cause a
reduction in pulmonary function that cannot be
overcome by physical exercise. Decreased
pulmonary function can cause limitations in
ventilation and reduce the capacity for physical
activity. A study by Park © showed opposite
findings, where high-intensity aerobic exercise
had a positive effect on pulmonary function in
older women.

Low birth weight, ambient air pollution,
obesity, and asthma were confirmed as
determinants of lung function impairment among
never-smokers.!” Several studies have reported
areduction in lung volume and capacity in obese
individuals as compared to the non-obese.(!'¥
One cross-sectional study by Liu et al." showed
that there was no evidence that body mass index
(BMI) is associated with vital capacity in college
students. A study of white morbidly obese subjects
with normal lung function demonstrated that
increasing levels of BMI were significantly
associated with decreasing pO2 and increasing
pCO2 even after adjustments for age, gender, and
smoking habit (pack-years). This study also found
no association between alterations of vital
capacity and BML(9
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Another study involving 60 young healthy
male subjects in the age group of 18 to 22 years
showed a highly significant negative correlation
between obesity and VO2 max (r=-0.88
p<0.05).09 The Epi Health cohort study involving
12.791 women, aged 45-75 years, showed that
in the absence of central obesity, a high BMI is
not related to restrictive lung function impairment
but rather to higher lung function.!” Because the
results of these previous studies were inconsistent,
therefore a new study was deemed necessary to
determine which variables were correlated with
cardiopulmonary endurance. The present study
aimed to assess the characteristics of older
persons and to find out whether BMI and
pulmonary function are associated with
cardiopulmonary endurance in the elderly.

METHODS

Research design

This observational analytic study using a
cross-sectional design was conducted in
Mampang Prapatan District, South Jakarta, from
January—May 2018.

Research subjects

The sample size was determined based on
the results of a preliminary study showing that
the Pearson correlation coefficient (r) between
BMI and VO2 max was 0.49 (data not shown).
Using r=0.49, 0=0.05 and =0.1 plus anticipated
dropout rate of 15%, the optimum sample size
was 54. The inclusion criteria were: i). men and
women aged 60-76 years; ii) independent; able
to walk without assistive devices; iii) and having
signed the consent form. The exclusion criteria
were: 1) having a history of cardiovascular
diseases ii) unable to complete the 6-minute
walking test. A consecutive non-random sampling
method was used to select the research subjects.
Written informed consent was obtained from all
subjects prior to participation.

Measurements
Demographic data, including age and gender,
were obtained through interviews. Other
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parameters measured were BMI, blood pressure,
pulmonary function, and the 6-minute walking test.
Body height was measured using a height
measuring device (Microtoise), with an accuracy
of 0.1 cm, while body weight was measured using
a stamping scale, with an accuracy of 0.1 kg.
BMI was calculated as body mass divided by
height squared (kg/m?). Based on BMI, the
subjects were categorized as underweight (BMI
<18 kg/m?), normal weight (BMI 18.5-22.9 kg/
m?), overweight (BMI 23 — 24.9 kg/m?), obesity
I (BMI 25 — 29.9 kg/m?), and obesity I (BMI
>30 kg/m?).!® Furthermore, blood pressure was
measured using a calibrated mercury
sphygmomanometer. The measurement of blood
pressure was conducted with the subject in a
sitting position following standard procedures
after taking a rest for at least 5 minutes before
the test. Blood pressure was measured in
millimeters of mercury (mgHg), consisting of
systolic blood pressure (SBP) and diastolic blood
pressure (DBP).(

Pulmonary function tests

Pulmonary function tests including forced
expiratory volume in one second (FEV ), forced
vital capacity (FVC) and the ratio of FEV, to
FVC (FEV /FVC) were performed using a MIR
Spirolab spirometer, based on American Thoracic
Society criteria. Briefly, the pulmonary function
test was conducted with the subject in a standing
position following standard procedures and at least
three maneuvers were performed, with the largest
FVC and the largest FEV, observed from all of
the acceptable values being reported. FEV | is
forced expiratory volume in one second, i.e. the
volume of air exhaled in the first second under
force after a maximal inhalation, while FVC is
forced vital capacity, i.e. the total volume of air
that can be exhaled during a maximal forced
expiration effort. The FEV /FVC ratio is the
percentage of the FVC expired in one second.”

Cardiopulmonary endurance

The data on maximal oxygen uptake were
collected using a predictive formula by calculating
the results of a 6-minute walking test, and utilizing
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the Nury formula for healthy Indonesian adults
(Mongoloid). This test is performed on a straight
15 meter long track with markers every 3 meters,
30 centimeters wide to the right and left from the
center line. The subject are to go straight forward
as close to the center line as possible. When the
subject has arrived at both ends, the subject
rotates with the three-step method. The Nury
formula which consists of five variables is more
applicable because it does not require any
measurement tools or specific competency.??

Statistical analysis

The collected data were analyzed with the
Shapiro-Wilk normality test and the results
showed that all variables were normally
distributed. Simple and multiple linear regression
were used to analyze the relationship between
independent  variables and
cardiopulmonary endurance as the dependent
variable using SPSS v.25 program. Statistical
significance was set at p<0.05.

several

Ethical clearance

The research was approved by the Faculty
of Medicine Research Ethics Committee
Universitas Trisakti under No.119/KER/FK/XII/
2017.

RESULTS

A total of 66 subjects was recruited during
the study. Table 1 shows that the majority of
subjects were older women (98.5%) with mean
age of 64.8 £ 4.1 years. Based on BMI, it was
found that 57.6% were obese with BMI of >25,
that around 24.2% had normal weight and 16.7%
were overweight, and that only 1.5% were
underweight. Blood pressure assessment showed
that the majority of subjects had normal blood
pressure (90.9%).

The average pulmonary function was still
above 70% in FEV ,FVC, and the ratio of FEV /
FVC parameters, thus the average subject still
had normal pulmonary function. In addition, around
33.3% had restriction (FVC<70%) and 6.1% had
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Table 1. Characteristics of the subjects (n=66)

Characteristics Mean + SD
Age (years) 64.8 +4.1
Body weight (kg) 59.2+9.6
Body height (cm) 152.2+6.8
Body mass index (kg/m?) 25.5+3.8
Systolic blood pressure (mmHg) 124.8 £ 16.1
Diastolic blood pressure (mmHg) 79.0+£ 153
FEV,*$ 75.9+8.8
FVCP? 74.7+10.2
FEV/FVC?} 84.5+9.1
VO, max (mL/kg/min) $ 122+3.6
Normal § 39(59.1)
Restriction (FVC<70%) $ 22 (33.3)
Obstruction (FEV/FVC < 70) § 4(6.1)
Combination of restriction and 1(1.5)

obstruction §

Notes: ¥ Data are presented as n (%); *FEV, = forced
expiratory volume in one second; *FVC = forced vital capacity

obstruction (FEV1/FVC<70), and only 1.5% had
a combination of restriction and obstruction. On
cardiopulmonary endurance, the obtained VO2
max was a minimum of 1.3 mL/kg/min and a
maximum of 21.1 mL/kg/min with a mean of 12.2
mL/kg/min.

In simple regression analysis, BMI, DBP,
FEV1 and FEV1/FVC were significantly
associated with VO2 max (B=-0.67; 95%CI=-
0.92—(-)0.49; p=0.000; p=0.08; 95%CI=0.01-
0.11; p=0.016; p=0.06; 95%CI=0.01-0.10;
p=0.013; B=0.15; 95%CI=0.06-0.25; p=0.02;
respectively), but in multiple linear regression after
adjustment for age, only BMI and FEV1/FVC
were significantly associated with VO2 max (p=-
0.56; 95%CI=-0.81—(-)0.31; p=0.000; B=0.09;
95%CI1=0.01-0.18; p=0.028; respectively). BMI
was the most influential risk factor of VO2 max
(Beta=-0.46)) compared to FEV /FVC (Beta
=0.23) (Table 2).

DISCUSSION

In this study, the majority of subjects were
older women with a mean age of 64.8 years.
According to data from the Central Bureau of
Statistics, the number of older women is one
percent higher than that of older men
(10.10%:9.10%). In addition, the majority
(63.82%) in the cohort were the younger old (aged
60-69 years).!V
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Table 2. Factors associated with VO, max in elderly women using simple
and multiple regression analysis (n=66)

Simple linear regression

Multiple linear regression

Variables B 95% CI p value B Beta 95 % CI p value
Age -0.58 -2.64-1.48 0.577
BMI -0.67 -0.92 - -0.49 0.000%* -0.56 -0.46 -0.81--0.31 0.000*
SBP 0.04 -0.05 -0.06 0.884
DBP 0.08 0.01-0.11 0.016* 0.18 0.06 -0.42- 0.07 0.547
FEV1 0.06 0.01-0.10 0.013* 0.03 0.17 -0.01- 0.07 0.100
FVC 0.01 -0.03-0.03 0.978
FEV1/FVC 0.15 0.06 — 0,25 0.002* 0.09 0.23 0.01- 0.18  0.028*

Note : Multiple linear regression adjusted for age; B: regression coefficient; Beta: standardized regression coefficient; CI:

confidence interval

Based on BMI, more than half (57.6%) of
the subjects were obese (BMI>25). Physiological
functions in older persons will decrease due to
the aging process promoting the occurrence of
degenerative diseases. Factors affecting the
health of older persons include unhealthy eating
habits since early in life and lack of exercise.
These main factors will affect susceptibility to
diseases in old age.*?

Our study showed that obesity is the most
influential risk factor of VO2 max in the elderly
and that obesity significantly decreases
cardiopulmonary endurance. This finding confirms
a previous report showing that BMI was
negatively associated with cardiorespiratory
fitness among 151 adolescent girls in South
Africa.® In the obese, excess fat in the
abdominal cavity and chest limits the two primary
inspiratory movements: contraction of the
diaphragm propelling the abdominal contents
downwards and forwards, and increased chest
diameter by means of rib movement.?* The
results of this study confirm the presence of a
restrictive pattern in obese individuals when they
demonstrate a decrease in lung volume and
capacity.

Furthermore, age, obesity and comorbidity
were identified as a significant predictor of
functional decline in future. A previous study has
reported that BMI could be one of the independent
factors for functional limitations and disabilities
due to reduced muscle mass and strength (in those
with sarcopenic obesity), such as increased joint
dysfunction, limited activities, being prone to falls,
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having chronic pain, resulting in low quality of
life.®> Both obesity and aging are characterized
by low-grade systemic inflammatory conditions
and endocrine changes. Aging is associated with
increased adipose tissue. This is the primary
cause of low-grade systemic inflammation
signified by cytokine elevation, reduced
respiratory capacity and its resultant decrease in
body immune status. This is the major cause of
chronically elevated levels of pro-inflammatory
cytokines and is associated with reduced muscle
strength and decreased immune function.®®

This study showed that most of the subjects
still had good pulmonary function. About 40.9%
experienced either restriction, obstruction, or a
combination of both, as recorded by spirometry.
Due to the aging process, pulmonary function
gradually decreases, as recorded by either FEV ,
FVC, or peak expiratory flow. Pulmonary function
will peak at the age of 20-36 years and will begin
to decline along with age, namely about 20 mL/
year, starting at the age of 25 years. In addition,
it will decrease even more to 38 mL/year after
the age of 65 years.??

The results of a cohort study, conducted for
more than 10 years in subjects having no previous
history of pulmonary disease, indicated that the
decrease in FEV ranged from 17.7 to 46.4 mL/
year with a median of 22.4 ml/year. In addition,
in men the decrease is more rapid (median of
43.5 mL/year) than in women (median of 30.5
mL/year).!® Furthermore, results of another
study on subjects aged 25—75 years that examined
the various factors affecting pulmonary function
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indicated that pulmonary function significantly
decreased along with increase in age. The decline
can occur more rapidly in subjects aged over 60
years and remain constant throughout ages 60—
90 years.?%29

Cardiac and pulmonary endurance is defined
as the ability of the heart and lungs to supply
oxygen throughout the body in the long term. It is
measured by VO2 max, the maximal value of
oxygen uptake, distribution, and utilization in the
body during physical activity. The VO2 max is
an indicator to assess health status including the
risk of heart disease in older persons.®” The
present study found a mean VO2 max of 12.25
mL/kg/min as measured by the 6-minute walking
test. When compared with the mean VO2 max
based on age, the VO2 max value obtained was
very poor for subjects aged 56—65 years or >65
years.®

The subjects were mostly older women who
have 40% lower VO2 max than older men due
to their lower percentage of muscle tissue and
higher percentage of body fat from their total body
weight. Furthermore, hemoglobin levels are
different between older men and women. Lower
hemoglobin levels in older women lead to lower
blood transport capacity and less oxygen uptake
in women so that their physical activity capacity
is lower than that of older men.®-3%

The blood oxygen-carrying capacity declines
slightly with age, around 10% from 30 to 80 years
and in females the decline is much lower than in
males.) It contributes to the decline in VO2 max
in old age. Furthermore, if a person does not do
regular exercise, the value decreases more
drastically. The combination of aging and
sedentary lifestyle dramatically affects oxygen
delivery and utilization, and influences VO2 max
capacity. Regular exercise improves oxygen
extraction by muscle activity and increases VO2
max. Furthermore, the 30% increase in VO2 max
found in the elderly is due to an increase in cardiac
output (70%) and oxygen extraction (30%) by
skeletal muscles.©3?

The results of our study indicated that FEV /
FVC was significantly associated with VO2
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max. These results are similar to those of the
study conducted by Fatemi et al.,®® in which 51
subjects divided into three groups of VO2 max
level (high, medium, and low) suggested a
significant difference (p<0.001) in pulmonary
function as assessed by measuring the values
of FEV , FVC and FEV /FVC, where the lower
the pulmonary function, the lower the level of
VO2 max.

The measurement of pulmonary function
can be influenced by several factors, such as
height and weight, measurement position,
respiratory muscle strength, the condition of the
lung, and thoracic cavity expansion. Several
factors that can affect vital capacity are age,
sex, height, physical exercise, and possibly
ethnicity and comorbidities. The spirometry
results also depend on the effort and consistency
of the subject.C¥

Doewes et al.®9 assessed the correlation
of pulmonary function, hemoglobin, and heart
rate with VO2 max in athletes of several sports.
They showed that the contribution of the
respiratory system (tidal volume) to VO2 max
was 12.32%, which was far below that of the
cardiovascular system (36.97%) and the oxygen
transport system (49.29%). The contribution of
the respiratory system depends on the type of
sport performed. The largest contribution was
found in swimming, followed by badminton.
Meanwhile, the smallest was found in volleyball.

The insignificant association between other
pulmonary function parameters and VO2 max
may also have been caused by obesity because
the mean BMI of the subjects was in the obesity
category. The results of the multiple regression
analysis between BMI and VO2 max indicated
a significant negative association, meaning that
the higher the BMI, the lower the VO2 max.
Body mass index also has its limitations in
assessing body composition because it cannot
distinguish between body fat and lean mass.
Furthermore, it cannot provide the adiposity
index, weak distribution, and metabolic risk. In
addition, the BMI score can be influenced by
age, gender, and ethnicity.®®
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There are some other factors that affect
lung compliance in obesity. The position of the
diaphragm in the thoracic cavity is obviously
elevated when the individual gains weight. The
change will result in a decline in pulmonary
function and in the extra work of breathing. Fat
accumulation on the chest wall will impede the
movement of the thoracic cage by a direct
resistance or the abnormal function of the
intercostal muscles. Obesity increases the
release of inflammatory markers in the lung, with
slight effect on airway diameter, is related to
the lung volumes not airway obstruction.(?

An increase in age and BMI may cause
a decrease in VO2 max. Decreased pulmonary
function is associated with decreased respiratory
muscle strength and decreased elasticity of
pulmonary tissue. Physical exercise will increase
VO2 max due to oxygen consumption and
concurrent increase in muscle performance. The
ability of muscles to generate aerobic energy
optimally will increase the maximal oxygen uptake
capacity.(©3

The beneficial effects of 12 weeks sprint
interval training among obese subjects on VO2
max while concurrently decreasing body fat
distribution was found by Bagley et al.®® After
completion of the 12-week exercise, there was
an increase in VO2 max of 18.7% in women and
6.0% in men. Men and women both improved
their VO2 max, but the increases among women
were greater than in men. A higher amount of
lean body mass was found in men as compared
to women, which partially explains the differences
between men and women in maximal oxygen
capacity. Maintaining physical activities in older
persons is an integral part of the healthy aging
process and minimizes multi-pathologies.
Decreased pulmonary function may cause
limitations in physical activity that contribute to
low activity tolerance and compliance in healthy
aging, especially in older persons who experience
gradual lowering of their internal capacity.®

This study has several imitations. First,
BMI takes no account of body fat distribution
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as an indicator of obesity. Differences in fat
distribution may cause changes in lung function.
Second, the examination of pulmonary function
is also influenced by the effort and consistency
of the subjects following the aforementioned
procedures with all their limited internal
capacities. In addition to the respiratory system
that affects VO2 max, other factors, such as
the cardiovascular and oxygen transport systems,
were not investigated in the study. This study
showed that obesity in older persons especially
women and decreased pulmonary function may
cause limitations in physical activity that
contribute to low activity tolerance and
compliance in healthy aging, especially in older
persons who experience gradual lowering of
their internal capacity.

In future, it is recommended that chest,
abdominal and hip circumferences or their ratios
are used instead of BMI. Other factors that
affect cardiopulmonary endurance in older
persons should also be investigated.

CONCLUSIONS

The study demonstrated that increased
BMI correlates with decreased cardiopulmonary
endurance in the elderly women. It also
reinforced the tendency that women in the older
population with sarcopenic obesity and
decreased pulmonary capacity will be more
susceptible to both non-communicable and
communicable diseases.
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