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ABSTRACT

Purpose: The aim of the study was to observe the relationship between age, body mass index (BMI),
physical activity, and kyphosis angle parameters with respiratory function capacity in community-dwelling
older adults and to determine the main predictor.

Methods: A prospective cross-sectional study was carried out with 70 older adults. Physical activity level
was questioned with the Physical Activity Scale for Elderly (PASE). Thoracic kyphosis degrees were
measured with a digital inclinometer. Pulmonary Function Test (PFT) was used to measure pulmonary
function capacity. The correlation between age, BMI, PASE, thoracic kyphosis angle with parameters of
PFT measurement was analyzed. In addition, a linear multivariate regression model was built to
determine the main predictor.

Results: The mean age of the participants was 69.88+4.52 years. There was a low degree but a
statistically significant positive correlation between BMI and FEV1 (r=0.258, p<0.05). BMI was also
associated with FEV1/FVC (r=0.338, p<0.001). PASE was related with FVC, FEV1 and PEF (r1=0.241,
p<0.05; r2=0.281, p<0.05;r3=0.317,p<0.001). In the multivariate linear regression model, higher levels of
PASE score were associated with higher levels of FVC (standardized 3=0.25, p<0.05). The high PASE
score was associated with a high FEV1 score (standardized 3=0.30, p<0.05). BMI was the main predictor
of FEV1/FVC (standardized [3=0.34, p<0.001). Besides, PASE was the main predictor of PEF
(standardized 3=0.32, p<0.001).

Conclusion: According to the results of the study, greater levels of physical activity and body mass index
were associated with greater levels of pulmonary function capacity. Physical activity level was the main
predictor for all pulmonary function parameters except FEV1/FVC.
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INTRODUCTION

Respiratory functions decrease with the deterioration
of lung functions due to aging. The reduction of forced
expiratory volume in one second (FEV1) and forced
vital capacity (FVC) predisposes lung diseases and
other chronic conditions. Decreased pulmonary
function capacity is primarily associated with mortality
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and morbidity (1, 2). Various factors contribute to
these age-related conditions in lung functions. Active
smoking is the primary factor; body mass index, body
fat distribution, physical activity, dietary content, and
comorbid cardiovascular conditions also lead to loss
of pulmonary functions (3, 4). Older adults tend to
have a sedentary life that becomes prominent with a
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progressive decrease in muscle strength and
sarcopenia, and the level of physical activity
decreases (5, 6). In addition, another risk factor for
the decrease of pulmonary function is the thoracic
hyperkyphotic posture that occurs with aging (7).
The average physiological degree of kyphosis is
between 20 and 40 degrees, and this angle increases
with age (8, 9). Many destructive changes occur in the
chest wall with changes in the spine and
costovertebral joints with changes in axial loads due
to the increase in the degree of kyphosis. The
increasing degree of thoracic kyphosis changes the
thorax's shape, causing an increase in the
anteroposterior diameter and changes in the thorax's
position surrounding the abdominal cavity by
decreasing the distance between the xiphoid process
and the pubis. These rib cage changes result in a
decrease in the mobility of the ribs, changes in the
respiratory system's biomechanics, and decreases in
respiratory muscle strength and respiratory function
tests (10).

Postural disturbances occurring due to physical
inactivity cause an increase in the degrees of thoracic
kyphosis. Kyphotic posture is observed with the
weakening of the diaphragm, transversus
abdominus, and pelvic floor muscles (especially the
back extensors), which are one of the back group
antigravity muscles, in the anterior group muscles
(11). Physical activity also directly affects respiratory
functions. Therefore, pulmonary evaluation should be
considered comprehensively and should be
evaluated as one of the primary risk factors leading to
a decrease in pulmonary capacity (12, 13).

In the literature, the relationship between pulmonary
function tests with the degree of thoracic kyphosis
and the level of physical activity in healthy elderly
individuals has not been well studied. Age, body
mass index, kyphosis angle, and physical activity
level should also be handled by regression analysis
in order to demonstrate which may affect respiratory
function tests more. The aim of the study was to
observe the relationship between age, body mass
index (BMI), physical activity, and kyphosis angle
parameters with respiratory function capacity in
community-dwelling older adults and to determine the
main predictor.

MATERIALS AND METHODS

Study Design and Participants

A prospective cross-sectional study was carried out
with 70 older adults between October 2019 and
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September 2020 at Ege University, Department of
Internal Medicine/Geriatrics. Measurement of the
individuals was conducted in the clinical office of the
training and research hospital. The inclusion criteria
were; (1) older adults 265 years, (2) patients followed
up in a geriatric clinic. The exclusion criteria of the
study were; (1) a history of thoracic and vertebral
surgery, (2) cardiopulmonary, neurological, and
psychiatric disorders, (3) patients who do not give
consent to participate in the study.

Procedure
Participants were given detailed information about the
study and their consents were obtained. The

Table 1. The individual characteristics of the older adults

n:70 Total

Age (years, meanzSD) 69.88+4.52
Gender (n, %)

Women 36 (51.4)
Men 34 (48.6)
Weight (kg, meantSD) 74.70+10.86
Height (cm, meantSD) 163.24+8.91
BMI (kg/m?, meanzxSD) 28.134+4.18

SD: standard deviation, n: number of patients, BMI: Body mass
index

questionnaire forms were filled under the supervision
of two physiotherapists with at least 20 years of
experience, and all other practice-based evaluations
were carried out by the same researchers for all
individuals. Individual characteristics (e.g., age,
height, weight, body mass index, gender, smoking,
health history) of the individuals were recorded.
Physical activity levels of the individuals were
questioned face to face using the Turkish version of
the Physical Activity Scale for Elderly (PASE) (14).
Thoracic kyphosis degrees of all participants were
measured with a digital inclinometer device (Baseline
Digital Inclinometer, Fabrication Enterprises, White
Plains, NY) with reference to the spinous processes
of the 1st thoracic and 12th thoracic vertebra while
arms at the sides, in regular standing posture (15).
Pulmonary Function Test (PFT) device (Pony FX,
COSMED Inc., ltaly) was used to measure lung
capacities. Peak expiratory pressure (PEF), forced
expiratory volume in one second (FEV+), forced vital
capacity (FVC), FEV4«/FVC (%) parameters were
measured with the PFT device.
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Sample Size Estimation

G*power 3 was used for the sample size calculation.
The parameters were set to f=0.3, alpha level=0.05
and power=0.80 (16, 17). At least 64 participants
were required. Initially, 78 older adults were included
in the study, but eight were excluded because they
had the exclusion criteria. Accordingly, 70 patients
were included in the study. Informed consent of the
patients was obtained.

Table 2. Absolute values (mean, standard deviation, min-max) of
the assessments

n:70 MeantSD Range
PASE 111.28+65.89 (35-327)
Kyphosis angle 35.3045.93 (23-51)
FVC (%) 70.914+32.32 (7-144)
FEV1 (%) 69.451+28.26 (10-123)
FEV1/ FVC (%) 99.07+17.95 (37-131)
PEF (%) 57.38+27.71 (8-115)

SD: standard deviation, n: number of patients, PASE: Physical
Activity Scale for the Elderly, PFT: Pulmonary Function Test, PEF:
Peak expiratory pressure, FEV1: forced expiratory volume in the
first second, FVC: Forced vital capacity

Outcome Measurements

Physical Activity Scale for Elderly (PASE): The
Turkish version of the Physical Activity Scale for the
Elderly was used to assess the physical activity of
individuals. PASE was developed to measure the
components of physical activity related to home,
work, and leisure. PASE questions mild, moderate,
and vigorous activities. The physical activities are
examined comprehensively by PASE (14, 18).

Thoracic Kyphosis Angle Measurement: The thoracic
kyphosis angle was measured with a digital
inclinometer device with two sensors. Before using
the device, both sensors were placed vertically on a
flat surface and the angle values were reset.
Conditions suitable for the calibration of the device
have been established. Participants were asked to
look to the opposite side, in normal standing and
relaxed posture with arms at their sides. While the
thoracic region was open, the spinous processes of
the 1st thoracic vertebra and the 12th thoracic
vertebra were palpated and marked. The angle
values of these points were measured separately by
pressing the start button. The angle values obtained
from the spinous points of the 1st thoracic and 12th
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thoracic vertebra was summed and the total kyphosis
angle values of the cases were recorded after the
evaluation was repeated three times and after
calculating the mean value (15).

Pulmonary Function Tests (PFT): Peak expiratory
pressure (PEF), forced expiratory volume in the first
second (FEVi), forced vital capacity (FVC),
FEV1/FVC (%) parameters were evaluated. In all
measurements, the participants were in a sitting
position in arm supported chair. Their noses were
closed with a pincer, they were asked to exhale
strongly and for a long time, immediately after a deep
inspiration, after normal breathing through a
disposable filter mouthpiece with a respiratory
function tester. The best value of the three
measurement was recorded (19, 20).

Statistical Analysis

SPSS (Statistical Package for Social Sciences, 25.0
version, IBM Corp, Armonk, New York) was used for
the statistical analysis. The confidence interval of
95% was accepted. Kolmogorov-Smirnov test was
used to show the appropriateness of the normal
distribution in decision making for correlation
analysis. Pearson's correlation coefficient (r) was
preferred because the data conformed to a normal
distribution and the sample size was 2=50. The
correlation between age, BMI, PASE, thoracic
kyphosis angle with parameters of PFT measurement
was analyzed. The Pearson correlation coefficients
were interpreted as; 0-0.2= very low, 0.21-0.40= low,
0.40-0.70= medium, 0.71-0.90= high, 0.91-1.0= very
high (21). Also, a linear multivariate regression model
has built with parameters which has a statistically
significant correlation coefficient with respiratory
function parameters to reveal the predictors of
respiratory function scores.

RESULTS

A total of 70 elderly adults (36 women, 34 men) with
a mean age of 69.88+4.52 (ranged, 65-83) years
were included in the study. More than half of the
participants were female (51.4%). Body mass index
(BMI) mean was 28.13+4.18, participants were
overweight. None of the patients were active
smokers. Characteristics of the elderly are given in
Table 1. The absolute values of the PASE, kyphosis
angle measurement and PFT measurements were
presented in Table 2.
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Table 3. The correlation between age, BMI, PASE, thoracic kyphosis angle with PFT

n: 70 FVC (%) FEV1 (%) FEV1/FVC (%) PEF (%)
Age -0,066 -0,066 0,093 -0,079
BMI 0,153 0,258* 0,338** 0,100
PASE 0,241* 0,281* 0,039 0,317**
Kyphosis angle 0,094 -0,079 -0,161 -0,091

*: p<0.05, **: p<0.001, n: number of patients, BMI: Body mass index, PASE: Physical Activity Scale for the Elderly, PFT: Pulmonary Function

Test, PEF: Peak expiratory pressure, FEV1: forced expiratory volume in the first second, FVC: Forced vital capacity

Table 4. Multivariable Linear Regression Analysis with FVC as the Outcome

n:70 95% CI for Standardized 8
Unstandardized Standardized 8 p Lower Limit Upper Limit

PASE 1.336 0.254 0.033 0.010 0.239

BMI 0.125 0.173 0.145 -0.470 3.142

*: p<0.05, **: p<0.001, n: number of patients, BMI: Body mass index, PASE: Physical Activity Scale for the Elderly, Differences statistically

significant. R2= 0.09; Durbin-Watson'’s coefficient = 1.98; VIF<1.15; and tolerance over = 0.9, VIF: variance inflation factor

The correlation between age, BMI, PASE, thoracic
kyphosis angle with parameters of PFT measurement
is presented in Table 3. There was a low degree but
a statistically significant positive correlation between
BMI and FEV1 (r = 0.258, p <0.05) (Figure 1, Table
3). BMI was also associated with FEV+/FVC (r =
0.338, p <0.001) (Figure 2, Table 3). PASE was both
related with FVC, FEV+1 and PEF (r1=0,241, p<0.05;
r=0,281, p<0.05; r3=0,317, p<0.001) (Figure 3-5,
Table 3). In our multivariate linear regression model,
higher levels of PASE score were associated with
higher levels of FVC (standardized 3 = 0.25, p <0.05)
(Table 4). In the regression model analyzed to
observe the predictor of FEV4, a high PASE score
was associated with a high FEV1 score (standardized
3 = 0.30, P <0.05) (Table 5). On the other hand, in
regression with FEV1/ FVC as the outcome, BMI was
the main predictor (standardized R = 0.34, P <0.001)
(Table 6). In addition, in the linear model created for
PEF, PASE was the main predictor (standardized R =
0.32, p <0.001) (Table 7). R? Durbin-Watson's
coefficient and variance inflation factor (VIF) scores
for each model are presented in the relevant table.

DISCUSSION

The present study aimed to observe the relationship
between age, body mass index (BMI), physical
activity, and kyphosis angle parameters with
respiratory function capacity in community-dwelling
older adults and determine the main predictor. In
addition, we purposed to reveal the most related
parameter with pulmonary function capacity. For this
objective, we determined the most relevant factor in a
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linear regression model built with the parameters
related to the four parameters (FVC, FEV1, FEV1/FVC
(%) PEF), measured in the pulmonary function test.
According to the results, greater physical activity and
body mass index levels were associated with greater
pulmonary function capacity levels. Besides, physical
activity level was the main predictor for all pulmonary
function parameters except FEV1/ FVC.

Fevl (%)

r=0.258, p <0.05

15,00 20,00 25,00 30,00 35,00 40,00

Body Mass Index

Figure 1. Correlation between BMI and FEV1

Many studies have investigated the relationship
between age, body composition (e.g., body mass
index, fat distribution), physical activity level, and
thoracic kyphosis angle with pulmonary function tests
as independent parameters (1, 3, 12, 22, 23).
However, to the best of our knowledge, no previous
studies investigated these three parameters
simultaneously with regression analysis. Studies
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show that the effect of active smoking is primary (2,
3, 24). For this reason, we did not include active
smokers in older adults for our study. We focused
primarily on the correlational analysis of the
parameters. In addition, we researched the main
predictor of which was the most influential factor in
terms of causality.

125,00

100,00

75,00

Fev1/FVC (%)

50,00

25,00

r=0,338, p <0.01

15,00 20,00 25,00 30,00 35,00 40,00

Body Mass Index

Figure 2. Correlation between BMI and FEV1 / FVC

In a longitudinal study involving follow-up for seven
years, Rossi et al. investigated the relationship
between body composition and respiratory functions
in older adults. They performed the pulmonary
function tests with spirometry as in our study.
According to the results of the study, it was observed
that respiratory functions were related in terms of fat-
free mass and fat mass rather than body mass index
(1). In addition, in a cross-sectional study conducted
with a large population of 2744 people, it is seen that
the increase in body mass index in elderly male
individuals is characterized by a decrease in
respiratory functions (FVC, FEV+1) (25). In our study,
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it was observed that the higher the body mass index,
the higher the FEV1 and FEV1/FVC (%) values. Our
results were different from these more
comprehensive studies. We thought that the
individuals in our sample could be individuals with
high respiratory muscle strength without sarcopenic
obesity. However, considering our pragmatic study
design, the main limitation of the study is not to
include these parameters since the device and time
possibilities were inadequate.

Kyphosis is the other factor thought to play a role in
the reduction of respiratory function capacity. Ab
Rahman and colleagues showed that FEV+
decreased with an increase in the angle of thoracic
kyphosis in older adults. Ab Rahman and colleagues
showed that FEV1 decreased with an increase in the
angle of thoracic kyphosis in older adults (26). In
another cross-sectional study, the kyphosis angle
was found to be associated with both restrictive and
interventional ventilatory patterns in community-
dwelling older adults (27). In a prospective cohort
study, Lorbergs et al. concluded that greater kyphosis
is associated with pulmonary function decline in
women but not in men. It was emphasized that there
might be no relationship due to the low number of
cases in men (22). In our study, we assume that there
may not have been a relationship due to the relatively
low number of cases in our study and the low number
of cases with kyphosis grade>40. The fact that the
angle is not measured more clearly with an X-ray with
the inclinometer can be considered another limitation
of the study. Because although the inclinometer is
reliable, it may not be as effective as an X-ray in terms
of sensitivity.

Table 5. Multivariable Linear Regression Analysis with FEV; as the Outcome

n:70 95% CI for Standardized 8
Unstandardized Standardized 8 p Lower Limit Upper Limit

PASE 0.130 0.303 0.009 0.034 0.226

BMI 1.906 0.282 0.015 0.338 3.423

*: p<0.05, **: p<0.001, n: number of patients, BMI: Body mass index, PASE: Physical Activity Scale for the Elderly, Differences statistically

significant. R2= 0.16; Durbin-Watson'’s coefficient = 2.00; VIF<1.15; and tolerance over = 0.9, VIF: variance inflation factor

Table 6. Multivariable Linear Regression Analysis with FEV1 / FVC as the Outcome

n:70 95% CI for Standardized 8
Unstandardized Standardized 8 p Lower Limit Upper Limit

PASE 0.018 0.031 0.566 -0.045 0.081

BMI 1.472 0.343 0.004 0.486 2.458

*: p<0.05, **: p<0.001, n: number of patients, BMI: Body mass index, PASE: Physical Activity Scale for the Elderly, Differences statistically
significant. R2= 0.12; Durbin-Watson'’s coefficient = 2.13; VIF<1.15; and tolerance over = 0.9, VIF: variance inflation factor
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Table 7. Multivariable Linear Regression Analysis with PEF as the Outcome

n:70 95% CI for Standardized 8
Unstandardized Standardized 8 p Lower Limit Upper Limit

PASE 0.138 0.327 0.006 0.041 0.234

BMI 0.836 0.126 0.277 -0.688 2.360

*: p<0.05, **: p<0.001, n: number of patients, BMI: Body mass index, PASE: Physical Activity Scale for the Elderly, Differences statistically

significant. R2= 0.12; Durbin-Watson'’s coefficient = 1.80; VIF<1.15; and tolerance over = 0.9, VIF: variance inflation factor

Physical activity is another parameter thought to be
primarily associated with lung functions. Kaneko
stated that according to the preliminary findings in a

cross-sectional study, pulmonary function is
associated with physical performance, physical
activity, and sedentary lifestyle (12). In a

comprehensive systematic review, physical activity
was found to increase respiratory muscle strength
(28). In the review of Aksovic et al., the contribution
of physical activity, including aerobic exercises, to
respiratory functions in the elderly population was
mentioned (29). In our study, the number of cases
was 70. We calculated this number by taking into
account the minimum requirements for statistical
analysis by power analysis. However, considering
that different factors could have different results on
respiratory functions in men and women, it is aimed
to achieve an almost equal number of gender
distributions. Also, increasing the sample size may
still be more effective in terms of the precision of the
regression analysis. In addition to our pulmonary
function tests, the measurement of respiratory muscle
strength could further support our results. We also
consider this situation as a limitation, and we
recommend that researchers focus on this parameter
in further studies. Finally, instead of building linear
regression analysis with correlated parameters, it
could be considered to look at causality at the
hierarchical level with stepwise regression. However,
when we consider the number of our cases, we
thought our methodological selection would be more
effective.

CONCLUSION

According to the results of our statistical analysis,
greater levels of physical activity and body mass
index were associated with greater levels of
pulmonary function capacity. In addition, we
concluded that physical activity level was the main
predictor for all pulmonary function parameters
except FEV1/FVC.
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