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Abstract

Spirometry measurement has not become widely available in healthcare facilities, particularly in
places with limited resources. Improved early diagnosis and therapy of respiratory disorders may be
possible with the discovery of alternate, more user-friendly approaches. Because of their accessibility
and ease of use, Breath Holding Time (BHT) and Peak Expiratory Flow Rate (PEFR) offer potential
substitutes. There are a number of obstacles that must be overcome before BHT and PEFR may be
accepted as valid measures of lung function. Important phases include developing a correlation with
spirometry results, standardizing testing procedures, and taking individual variability into
consideration. Furthermore, it is crucial for correct interpretation to address any confounding factors
including age, gender, and comorbidities. For the purpose of measuring BHT and PEFR with
straightforward and portable instruments, a systematic approach known as the Non-Technician
Dependent Approach for Assessing Lung Function (N-TDA-LF) is proposed in the present research.
Standardized techniques (ST) will be taught to participants, and data will be captured using interfaces
that are easy for anybody to use. For the purpose of to assess the connection between BHT, PEFR,
and spirometry findings, statistical methods such as regression models and correlation coefficients
will be utilized. A wide range of therapeutic settings, such as general care, emergency rooms, and
community health screenings, are all potential applications for the technique that has been presented.
It is appropriate for usage in low-resource or distant areas where spirometry may not be easily
accessible due to its simplicity and low cost. In addition, it may be easily integrated into everyday
healthcare practices and adopted by a large number of people without requiring technical expertise.
The practicality and reliability of BHT and PEFR as lung function equivalent tests will be
investigated through simulation studies. A full performance evaluation will be able to be carried out
under a variety of circumstances because to the generation of virtual patient cohorts that reflect a
wide range of demographics and lung diseases. The simulation results will validate the effectiveness
of the suggested technique and help with the improvement of measuring protocols.

Keywords: Breath Holding Time, Peak Expiratory Flow Rate, Surrogate Tests, Lung
Function, Correlation, Standard Spirometry Non Technician Dependant Approach
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1. Introduction

Regarding the investigation of breath-holding time (BHT) and peak expiratory flow rate
(PEFR) as alternative tests for lung function correlation with conventional spirometry, there
are a number of challenges that need to be conquered [1]. The variability of results, which can
be attributed to factors such as the approach, the motivation, and the physiological differences
that exist across individuals, is a key cause for concern [2]. It is possible that the breath-holding
capacity test (BHT) does not always provide an accurate representation of lung function [3].
This is due to the fact that the BHT primarily examines breath-holding capacity rather than the
dynamics of pulmonary airflow [4]. In addition, although peak expiratory flow rate (PEFR) is
useful for determining whether or not the airway is blocked, it may overlook some of the other
lung function metrics that are measured by spirometry [5]. These metrics include forced vital
capacity (FVC) and forced expiratory volume in one second (FEV1) [6]. The fact that
measurement methods and apparatus are not standardized is another problem [7]. This lack of
standardization can lead to results that are inconsistent and makes it difficult to compare
between different investigations [8]. Additionally, if participants rely solely on BHT and PEFR
without the supervision of a technician, they may bring errors and variability into the test as a
result of poor technique or a lack of grasp of the test procedures [9]. Consequently, it is of the
utmost importance to carefully evaluate these limits to guarantee accurate and reliable results
while conducting research on different methods of evaluating lung function that do not rely on
the expertise of a single technician [10]. Because of this, accessibility will be improved, and
costs will be reduced [11]. For the purpose of establishing the efficacy of BHT and PEFR as
alternative tests for assessing lung function in research and clinical settings, it is necessary to
conduct additional studies that address these challenges [12].

The breath-holding time (BHT) and peak expiratory flow rate (PEFR) have been explored as
prospective substitute tests for evaluating the link between lung function and traditional
spirometry. This investigation has been carried out with the assistance of numerous known
methodologies [13]. In the straightforward and non-invasive BHT test, the duration of time that
an individual is able to hold their breath after taking a maximal inhale is measured.
Measurements of the forced exhalation flow rate (PEFR), on the other hand, are collected after
a full inhalation and represent the highest flow rate that is achievable. The low equipment
requirements, the ease of administration, and the reduced reliance on skilled technicians are
some of the potential advantages that these methods offer for non-technician-dependent
approaches to lung function testing when compared to other methods. However, there are still
a lot of challenges to overcome [14]. The lack of uniformity in measurement procedures and
equipment between different research projects is a significant issue that leads to variations and
inconsistencies in the findings obtained from those studies. Standard spirometry is used to
measure lung function characteristics such as forced vital capacity (FVC) and forced expiratory
volume in one second (FEV1) [15]. These parameters are complex, and it is possible that BHT
and PEFR will not catch all of them, which limits their usefulness as surrogate tests. A number
of factors, including participant motivation, methodological faults, and physiological
variations, have the potential to bring additional variability into the measuring process. Last
not least, depending on self-administration without the supervision of a technician may give
rise to concerns over the accuracy and reliability of the results, particularly in groups who have
a low level of knowledge or compliance with the procedures for the test. It is vital to overcome
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these challenges to validate BHT and PEFR as methods for assessing lung function that do not
require the assistance of a technician and to increase the range of prospective applications for
these measurement techniques in clinical and research settings.

1. Establish the validity of the Breath Holding Time (BHT) and Peak Expiratory Flow Rate
(PEFR) as surrogate tests for lung function by analysing the correlation between these two
measurements and the results of standard spirometry for these measurements.

2. Ensure that the processes for testing BHT and PEFR measures within the Non-Technician
Dependent Approach for Assessing Lung Function (N-TDA-LF) are standardized, such
that they are consistent and reliable across a variety of scenarios.

3. Explore the potential uses of BHT and PEFR as less invasive substitutes for spirometry in
primary care, emergency departments, and community health screenings; this is especially
important in areas with limited resources.

Based on the findings from the literature review in Section 2, the remainder of the research is

organized as follows: Investigating the Role of Breath Holding Time and PEFR as Alternative

Measures of Lung Function in Relation to Conventional Spirometry. The proposed method, N-

TDA-LF, or Non-Technician Dependent Approach for Assessing Lung Function, is
mathematically laid out in Section 3. The results and discussion are presented in Section 4,
with a brief summary and recommendations given in Section 5.

2. Literature Survey
Respiratory disorders, including asthma and COPD, have been the focus of numerous research
efforts aimed at improving diagnostic methods and treatment approaches.
The objective diagnostic testing procedures (DTP) for asthma were examined in a review by
Nawaz, S. F. et al., [16] which included spirometry, peak flow measurement, allergy testing,
bronchoprovocation testing, and testing for bronchodilator reversibility. Novel noninvasive
testing methods, digital health monitoring technology for remote diagnosis, and patient-
reported outcome metrics were all part of the scope of this analysis. Asthma diagnosis relies
on spirometry with bronchodilator reversibility testing and a battery of adjunctive tests,
according to the review. Improving patient outcomes and easing the strain on healthcare
systems worldwide were the stated goals of the study, which highlighted the significance of
reliable diagnostic techniques for the early diagnosis and management of asthma.
Syed, N. [17] investigated the acute effects of traffic-related air pollution (TRAP) on
pulmonary function, exercise responses, and dyspnea in healthy controls and ex-smokers with
and without COPD (Study 2); and the use of remote monitoring technology (RMT) to track
inhaler use. In Study 1, exertional dyspnea was associated with sex, FEV1, COPD Assessment
Test score, and Medical Research Council Dyspnea score, not lung diffusion capacity for
carbon monoxide. Study 2 indicated that TRAP had little effect on regular pulmonary function
negatively affected exercise endurance and exertional dyspnea in healthy controls. Study 3
showed that RMT can monitor COPD patients' inhaler use, sleep, and physical activity under
air pollution.
OA Brabant et al. [18] Nineteen veterinarians and two biomedical engineers with veterinary
EIT experience established a consensus statement on thoracic electrical impedance tomography
(EIT). The group standardized data collection, analysis, interpretation, and nomenclature to
enhance research study comparability and reproducibility. The consensus statement introduces
EIT to veterinary professionals, emphasizes its clinical importance, and offers advice for its
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application in veterinary animals. Technical background, functional image production,
practical use, variable interpretation, statistical analysis, consistency nomenclature, and future
thoracic EIT advances are covered. The declaration informs researchers and doctors about
EIT's benefits in veterinary medicine, encouraging additional study into perfusion imaging and
pathology diagnostics.
Brabant, O. A. [19] thesis proposed to develop an anatomically accurate finite element model
(AFEM) for accurate analysis, validate electrical impedance tomography (EIT) in cattle,
improve electrode belt design for measurements, and investigate EIT's potential for diagnosing
respiratory diseases in cattle. This involves attaching an electrode belt around cattle's thorax
and producing a tiny current to capture impedance changes and reconstruct ventilation and
perfusion images in real time. The study sought to prove EIT could monitor cattle ventilation
without chemical restriction or inaccessible imaging equipment like CT or MRI. It sought to
create unique EIT applications for identifying lung diseases in cattle to improve cow health,
welfare, and output. The research intended to improve respiratory mechanics knowledge in a
species with limited information.
Mokoka, M [20] thesis proposed a systematic evaluation and randomized clinical trial to
examine maintenance asthma medication adherence. The systematic study examined severe
asthma clinical trial ICS and LABA adherence. A randomized clinical trial employing the
INhaler Compliance Assessment (INCA) device to objectively assess inhaler adherence in
severe asthmatics followed. The study used patient symptom assessments and peak expiratory
flow data to adapt asthma medication to adherence. The study examined the INCA device's
efficacy in assessing inhaler adherence in severe asthmatics to address past clinical trial
shortcomings. Adherence statistics and clinical indicators led the individualized education
therapy to maximize asthma treatment and patient outcomes. The study investigated how
objective adherence evaluation could improve clinical decision-making and severe asthma
care, potentially improving symptom control and reducing asthma exacerbations.
For successful management of respiratory disorders, the studies emphasized the significance
of dependable diagnostic methods and adherence evaluation. As a whole, N-TDA-LF stands
out as a possible tool for evaluating lung function that doesn't require a technician, which is
great news for both clinical practice and future research.

3. Proposed Method:
This research offers a Non-Technician Dependent Approach for Assessing Lung Function (N-
TDA-LF) as a solution to the problem of spirometry not being widely available in healthcare
institutions, particularly in settings with low resources. By using Breath Holding Time (BHT)
and Peak Expiratory Flow Rate (PEFR), this approach seeks to provide a practical substitute
for the early diagnosis and treatment of respiratory illnesses. Standardised procedures will be
used, with an emphasis on portability and simplicity, to make them easier to use in varied
healthcare settings. It hope that by doing simulation studies and statistical analyses, it might
find a way to reliably and practically use BHT, PEFR, and spirometry as surrogate tests in a
wide range of clinical and demographic contexts.
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Figure 1: Procedure for Testing Pulmonary Function.

To help in the diagnosis and treatment of a wide range of respiratory disorders, pulmonary
function testing (PFT) provides a thorough assessment of a patient's respiratory health. The
systematic workflow of PFT, shown in Figure 1, includes a battery of tests and analysis that
together give a full picture of how the lungs perform. Gathering pertinent information on the
patient's past medical records, symptoms, and respiratory issues is the first step, referred to as
Input Data, in the process. These preliminary findings may provide a basis for more
comprehensive evaluations in the future. The first step is to conduct what are known as
Surrogate Tests; their goal is to identify the most critical parts of the respiratory system. It is
only after that that the most challenging assessments are conducted. Two crucial surrogate tests,
the pulse oximetry and respiratory rate test and the breath holding duration test, are shown in
the image. The early warning symptoms may have a little effect on the affected person's ability
to hold their breath and, gradually, at maximum exertion, on their ability to exhale.

Once the surrogate tests are finished, the procedure moves on to the Standard Spirometry Test
without delay. Among the several respiratory parameters evaluated in this modern evaluation
are forced vital capacity (FVC) and forced expiratory volume in one second (FEV1).
Spirometry, which allows for more accurate and continuous measurement of lung homeostasis,
is a crucial part of a full pulmonary function test (PFT). The next step is to analyze the records,
which entails looking over all of the collected data thoroughly. In this setting, we do both
statistical analysis, which gives us evidence to back up claims about the breadth of the facts,
and correlation analysis, which entails looking for connections between specific breathing
metrics. This is the site where both of these analyses are performed. Possible pulmonary
features of the sick person may be better understood with the use of these tests.

In the final stage, Interpretation, the scientific team gives a report on the patient's respiratory
status. The data obtained from the tests and evaluations are analyzed and synthesized to
complete this assessment. Consultation with a trained expert is necessary for understanding
respiratory issues, developing efficient treatment plans, and discovering connections between
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specific symptoms. Finally, the sequential nature of surrogate tests, conventional spirometry,
data processing, and interpretation is shown in Figure 1, which illustrates a systematic and
comprehensive approach to pulmonary function testing. Healthcare providers are better able to
assess a patient's respiratory function and make educated recommendations when they follow
this organised approach.

BERT;cyy = DOO + CDSU (D

The Transformers-empowered Bidirectional Encoder Representations, or BERT; -y, are an
improved convolutional neural model. The Convolutional Neural Network is denoted as DOO,
while the Bidirectional Encoder Representations from Transformers are represented as CDSU.
The operation of hybridization, which combines the strengths of DOO and CDSU, is
represented by the symbol in equation 1 for Sensitivity Analysis.

Analysisgmotionar = Feature Extraction X BERT;cyum (2
Examining the sentiments expressed in tweets about COVID-19 is known as
Analysisgmotiona; TOr €quation 2 and it is determined as Threshold Optimization Analysis.
The Feature Extraction are determined for the process of extracting features from different
viewpoints BERT;cnm-
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(N-TDA-LF)
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With the goal of reducing the need for specialised technicians and increasing access to
pulmonary function testing (PFT), the Non-Technician Based Approach for Assessing Lung
Capacity (N-TDA-LF) is introduced in Figure 2. The goal of this modern approach is to
simplify and expedite the evaluation of lung function without sacrificing accuracy. The Non-
Technician Dependent aspect of N-TDA-LF is its bedrock; it emphasises a new method that
lessens the need for highly trained technicians. The goal of this method is to make accurate
assessments of lung function possible for a wider variety of healthcare providers, including
those without specialised training.

Introducing Participants to Standardised Techniques is the Initial Phase of N-TDA-LF. Lung
function evaluations may be performed by a wide range of healthcare practitioners without the
assistance of specialised experts when standardised procedures are taught to them. This phase
places an emphasis on training and education to guarantee that tests administered to various
people are consistent and trustworthy. Data collection utilizing easy-to-understand interfaces
follows contributors' demonstration of mastery of the necessary capabilities. At this point, we
successfully collect the necessary data by using user-friendly interfaces that our clients can
easily apply. Making it as easy to use as feasible might allow more healthcare professionals to
participate in the data gathering process. More widespread application of the strategy would be
more likely if this were to happen.

The next step is statistical analysis, which involves organizing the data using tools like
regression models and correlation coefficients to establish conclusions. This step makes it easy
to understand the consequences that have happened by analyzing the relationships among the
different causes. The image depicts an examination of the relationship between BHT, PEFR,
and spirometry. The results show that the N-TDA-LF method is dependable in terms of
dependability. The congruence between conventional spirometry and surrogate tests, including
peak expiratory flow rate (PEFR) and breath holding time (BHT), is discussed in this section.
Simulation analysis, which uses digital patient cohorts to test the strategy's efficacy in multiple
settings, validates growth to a greater extent.

Step three involves conducting extensive global real-world analyses of the N-TDA-LF method
across a broad range of patient populations. To achieve this objective, a Performance
Evaluation in Various Situations will be used. Achieving continuous improvement through
enhancing strategies and processes in response to comments and new technologies is the
objective of the Improvement of Measuring Protocols. By implementing this stage, one can
ensure that the procedure will function well in a variety of healthcare settings. This will be
achieved by enhancing the protocols.

The method is put through a Practicality and Reliability Assessment, which makes sure it's
both scientifically sound and feasible for regular clinical application. To conclude, Figure 2
provides a thorough outline of the Non-Technician Dependent Approach for Assessing Lung
Function. This methodology aims to democratise pulmonary function testing and make it more
accessible in diverse healthcare settings through the use of education, user-friendly interfaces,
statistical analysis, validation, and ongoing improvement.

Longitudinal ~ Analysis = Deep_Hybridized_Learning X Learning_Global_Level X
Learning_Local_Level

©)
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Introducing a fresh method for analysing longitudinal data, the equation utilised in Deep
Hybridised Learning, which blends deep learning techniques with a hybridised strategy. Deep
Hybridised Learning ensures a thorough comprehension of longitudinal trends by integrating
global-level information to capture overall patterns throughout the whole dataset.
Concurrently, Learning_Local_Level seeks to capture subtle and context-dependent data
variances, enabling a more in-depth examination of regional trends. All three of these things
work together to make the longitudinal analysis strong, so the model can pick up on broad
patterns as well as little fluctuations in the data. This Longitudinal Analysis is an adaptable and
comprehensive approach to deriving insights from complicated longitudinal data in equation
3.

True Negative * True Positive Specificity — Sensitivit
EVBB = g x(l—p ficity y)(4)

False Negative X False Positive 2

Diagnostic Utility Assessment Analysis (EVBB) is a measure that assesses a test's overall
diagnostic performance; it is used in this equation. The results of the categorization are
represented as True Positives (TP), True Negatives (TN), False Positives (FP), etc. The formula
takes into account the positive and negative predictive values of a diagnostic test, combining
the usual accuracy calculation with a penalty term based on the difference between Sensitivity
and Specificity. This provides a thorough assessment of the test's utility in equation 4.
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Figure 3: predicting spirometry readings.
Figure 3 depicts the suggested strategy to asthma severity classification. This method offers a
completely new way to assess and categorize the intensity of allergic responses by combining
spirometry measurements with the acoustic features of cough and wheeze sounds. Keep in
mind that subjects may be recorded with many sets of spirometry measurements and multiple
bouts of coughing or wheezing while using this approach. This approach predicts the results of
certain spirometry tests by using a regression model trained on the acoustic features of
coughing and wheezing. The overall spirometry analysis of the situation may be well
understood by combining those projected figures. The first step of the method is to record the
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person's wheezing or coughing and gather spirometry measurements. Afterwards, the patient's
several bouts of wheezing and coughing are subjected to a regression version. This version has
been trained to identify the important acoustic features of coughs and wheezes, therefore it is
expected that spirometry analysis will be conducted for every instance. One dynamic and non-
invasive approach used in conventional spirometry testing is the use of acoustic features for
prediction; this approach has the ability to enhance the sensitivity and accuracy of allergy
severity assessment. By merging the spirometry data anticipated for each occurrence, the whole
lung feature of the concern may be imagined. This total level considers all instances of
wheezing and coughing to provide a complete picture of the respiratory fitness needed for the
job. The combined estimate is a revolutionary indicator that connects conventional spirometry
with scattered data obscured by cough and wheeze noises. The method then applies thresholds
to the spirometry data, paying special attention to the vital Forced Expiratory VVolume in one
second (FEV1%), a metric for evaluating lung function. This part follows the estimation part.
Medical professionals may use these cutoffs to classify the severity of bronchial asthma, which
allows them to tailor treatment plans to each individual patient. In conclusion, a complex
method for assessing the severity of bronchial asthma is shown in Figure 3. This approach takes
spirometry results and applies them to the unique acoustic properties of cough and wheeze
noises.It is possible to improve the accuracy of asthma severity classification and enable
tailored treatment strategies for individuals with asthma by using a regression model,
aggregating predicted values, and applying FEV1% thresholds to create a more detailed and
thorough evaluation.

Table 1: Characteristics of Smokers

Characteristics Normal/ Control Obstructive Restrictive
Smokers 43 110 27
Females 37 94 51

Males 65 171 87
Age Years 46.9 53.1 47.9

Individuals who smoke are classified into three groups: normal/control, obstructive, and
restricted, as seen in Table 1. There were 43 normal/control cases, 110 obstructive cases, and
27 restricted cases among smokers, according to the data, which breaks down the cases by
gender. Additional analysis by gender identifies 37 females in the control/normal group, 94 in
the obstructive group, and 51 in the restriction group. Comparatively, 65 men fall into the
normal or control category, 171 into the obstructive, and 87 into the restrictive group. At 46.9
years old, the average age of normal/control smokers is shown in the table. The average age of
obstructive smokers is 53.1 years, while the average age of restrictive smokers is 47.9 years.
With this thorough separation, it can look at smokers' traits in connection to each type of lung
function; for example, it may see how smoking status, age, and gender may correlate with
restrictive or obstructive lung patterns.

Parameters N Mean StdDev
Obstructive 263 28.9198 16.9882
Normal 100 34.5612 18.7441
Restrictive 136 28.3955 14.8385
Total 499 4.79 0.009

Table 2: Time for Breath Hold.
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Time for Breath Hold is summarised statistically across various lung function categories in
Table 2. A total of 263, 100, and 136 people were surveyed for the Obstructive, Normal, and
Restrictive categories, respectively, in the data set. Results show that the obstructive group
took 28.92 seconds on average, the normal group 34.56 seconds, and the restrictive group 28.40
seconds to hold their breath. The standard deviations for the three groups are 16.99, 18.74, and
14.84 seconds, correspondingly, indicating the variety within each. The mean time for breath
hold is 4.79 seconds, with a standard deviation of 0.009 seconds, as shown in the Total row,
which consolidates the whole dataset. These results throw light on possible correlations
between the length of time one holds their breath and restrictive or obstructive breathing habits
by providing a quantitative summary of breath-holding durations across different types of lung
function.

1 i ..... |0bserved Value — Predicted Value )

Observed Value

An external dataset is used to measure the predicted accuracy of a model, and this metric is
represented by FW B in this equation 5. By comparing the expected and actual numbers j, the
formula determines the average absolute percentage error for all cases where M is the number
of instances. To get a better idea of a model's generalizability and external validity, this statistic
quantifies how well it does when applied to fresh, unknown data.

ClUppyy = ClUqy-a + Age .B + Gender.5 + 6 (6)

As a possible surrogate measure for lung function, CIUppyy) is the subject of the proposed
research, which aims to improve its accuracy through correction in equation 6. The variable
CIU stands for the Corrected Breath Holding Time, whereas the variable CIU,.,,,. @ denotes the
Raw Breath Holding Time computed from measurements alone. Regression analysis
determines the coefficients (a, 8, 8, and 6 ) of a linear equation that is used in the correction
procedure. This adjustment takes into consideration individual variability, which is largely
determined by the factors Age and Gender.
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Figure 4: Schematic of factors affecting the control of breath-hold duration.
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Figure 4 shows the complex neurological regulatory systems that regulate breathing,
illuminating the coordinated action of several brain stem and pons nuclei. The three main
respiratory groups—the dorsal, pontine, and ventral—are responsible for regulating the rhythm
and pattern of breathing, which is crucial for maintaining life. The brain stem is central to the
nervous system's regulation of breathing and plays an essential role in maintaining the
fundamental rhythm of the respiratory cycle. The Dorsal Respiratory Group, the body's main
cognitive center, is where this process starts. A key component in maintaining a regular
breathing rhythm, it is easily identifiable by its location in the medulla oblongata. The Pontine
Respiratory Group of the Pons is responsible for controlling the various respiratory
mechanisms to facilitate inhalation and exhalation. The Ventral Respiratory Group regulates
the whole breathing cycle, from intake to exhale, due to its location in the medulla.

Numerous inputs influence the breathing controller and breathing synchronization, and these
inputs interact in a complex way with one other. Indicators like these control breathing patterns
in reaction to changes in environmental conditions and metabolic demands. Important and
substantial inputs that come from the cerebral cortex are known as downward impulses. This
need raises the intriguing possibility that breathing is regulated by more intricate and
purposeful brain processes. This effect on the brain may lead to the formation of adaptive
changes in response to stimuli including speech, emotions, and voluntary movements. When it
comes to breathing regulation, the brain relies on chemosensors—sensors that track changes in
the blood's chemical makeup. These sensors are very sensitive to changes in the carbon dioxide,
pH, and oxygen phases. The scenario will be drastically altered by these changes. As soon as
these changes are detected, the heart rate and breathing rate are adjusted to release enough
oxygen and carbon dioxide at the same time.

Pulmonary stretch receptors also belong to the group of regulators. Their job is to report on
how the lungs are developing. Following the steps outlined below will ensure a proper fuel
change and save you from breathing too much air. The breathing equipment may adapt to the
body's physiological needs automatically by integrating a broad range of inputs. Finally, the
central involvement of the ventral, dorsal, and pontine respiratory groups in the brain stem and
pons is highlighted in Figure 4, which explains the neural regulation of breathing. Breathing
patterns may be adjusted to keep oxygen levels optimal and respiratory homeostasis maintained
by the complex synchronisation of descending cerebral drive, chemoreceptors, and pulmonary
stretch receptors. The groundwork for investigating respiratory physiology and treating
diseases that may develop in this complex system is laid by this comprehensive knowledge of
the brain regulatory mechanisms.

QFGSppyy = QFGSyqy-y +Age.0 + Gender.u + ¢ (7)

A surrogate measure for lung function, QFGSppyy 1S used in the proposed study, and the
corrected peak expiratory flow rate is represented by the variable QFGS,,,.y. In the
measurements, the raw, uncorrected QFGS values are represented by the term QFGS, .
Regression analysis determines the coefficients (y, 8, u, € ) of a linear equation that is used in
the correction procedure. Crucial to this adjustment, which captures individual differences, are
the variables Age and Gender. The QFGS,,,, Is adjusted for by the coefficient, the influence
of age is taken into consideration and gender differences are accommodated with O representing
female and 1 representing male in equation 7.
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MG composite — C1Uppyy- T + QFGSppyy. 6 +u (8)

The suggested study defines the Composite Lung Function Index, which is a complete lung
function index, as M G¢omposite- This index is derived from the sum of two variables: Corrected
Peak Expiratory Flow Rate QFGSppyy and Corrected Breath Holding TimeCIUppyy. The
coefficients = and & are found by regression analysis for the equation 8. The corrected peak
expiratory flow rate is represented by the coefficient u.
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Figure 5: Lung Function Assessment using Surrogate Tests.

As shown in Figure 5, a thorough evaluation of lung health can be conducted using a
standardised framework called Lung Function Assessment using Surrogate Tests. Other
diagnostic tests will be conducted after this examination. Incorporating a feedback loop and
speeding up the review process, this technique aims to ensure constant progress. Gathering the
patient's vital signs and any respiratory symptoms they may be having is the first step of the
Input Stage. The subsequent parts of the test are structured to provide a comprehensive and
individualised approach, and they are based on this foundational data.

Choose the examination that will stand in for the actual thing during the assessment; this is the
second step. The accuracy of the tests, the patient's comfort level, and the practicality of the
diagnostic testing are all important factors that must be considered for this to be a success. The
process of selecting surrogate tests involves three main steps. Model training entails teaching
algorithms to provide suitable results, feature selection entails picking important parameters,
and data preparation cleans up the collected data for analysis.

The employment of specialized equipment for surrogate testing is part of the review process's
Surrogate Test Execution stage, which follows the selection phase. These specialist instruments
are designed to focus in on certain aspects of lung function, and they are used to conduct the



Page 2543 of 19
Dr Aiswarya Mathiyalagan /Afr.J.Bio.Sc. 6(9) (2024)

designated surrogate tests. Above all else, they provide substantial information useful for
studies. The next step, "Data Analysis,” involves going over all of the collected data
methodically. This is where the data is analyzed statistically, with a focus on both general
interpretation and correlation studies. The goal of the Correlation Assessment is to provide a
deeper understanding of lung function as a whole by analyzing the relationships between
alternative test results.

Medical professionals use the data collected in the analysis phase, referred to as the Result
Interpretation stage, to draw a conclusion on the patient's lung function. In order to arrive at a
correct diagnosis and create effective treatment regimens, this step is crucial. The process is
iterative instead than sequential, and a feedback loop is used to ensure continuous
improvement. It is possible to enhance and advance lung function assessment methods by using
this feedback loop to make adjustments based on insights gained from continual exams.
Presenting a comprehensive synopsis of the findings to the patient and their healthcare
professionals is the final step of the assessment process, known as the Output Stage. Decisions
on treatment programs, lifestyle changes, or other diagnostic tests may be based on the data
that has been collected so far. Figure 5 shows a dynamic and methodical method for evaluating
lung function that makes use of surrogate tests, analyses data thoroughly, and incorporates a
feedback loop to continuously improve. It allows to help healthcare providers provide effective
and individualised treatment, this holistic approach guarantees a thorough comprehension of
respiratory health.

Simcy = Age.® + Gender.w + Comordities .m + U 9

The lung function metrics evaluation by the study technique incorporates a simulation
procedure that creates virtual patient cohorts. The Simulated Breath Holding Time is
specifically represented by Sim.;,. The coefficients @, w, and = in this equation were found
through extensive simulation experiments that sought to capture the correlations between age,
gender, comorbidities, and the amount of time that a person held their breath in a simulated
environment.

Simgpgs = Age.p + Gender.o + Comorbidities.y + w (10)

To evaluate lung function parameters in simulated settings, the Simulated Peak Expiratory
Flow Rate Simgrgs is presented as an important part of the study technique in equation 10.
The age of the virtual patient is represented by the variables Age, Gender (where 0 is for female
and 1 is for male), and the presence or absence of comorbidities in the simulated scenario is
indicated by Comorbidities. Extensive simulation studies define the coefficients p, o, and y,
which capture the complex interactions between age, gender, comorbidities, and the simulated
peak expiratory flow rate. The remaining variances or unexplained causes in the simulated peak
expiratory flow rate are included in the error term w.

Lastly, when it comes to healthcare settings with limited resources, one potential answer is the
Non-Technician Dependent Approach for Assessing Lung Function (N-TDA-LF). This
approach uses Breath Holding Time (BHT) and Peak Expiratory Flow Rate (PEFR) to examine
lung function. This method demonstrates its potential usefulness in many healthcare settings
through the use of standardised methodologies and user-friendly interfaces. Comprehensive
simulation studies, in conjunction with the known link between BHT, PEFR, and spirometry
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data, confirm the approach's feasibility and dependability. In low-resource and rural places, N-
TDA-LF has great potential for universal use as an easily integral and cost-effective tool for
respiratory disease early detection and therapy.

4. Results and Discussion
Dataset link: https://www.kaggle.com/datasets/klu2000030172/lung-disease-dataset
Dataset description: Information about patients' respiratory health is included in the Lung
Disease Dataset. This includes their identifiers, whether they smoked, vital capacity measures,
peak expiratory flow rate, oxygen saturation levels, imaging scan types, age, risk factors,
asthma, and other diseases. When applied to the study of lung illness, these features provide a
full picture of the patient's traits and health indicators. Improved respiratory health outcomes
may be possible if researchers use this information to study illness development, identify
predictive markers, and create models for more accurate diagnosis and therapy.
Improving diagnostic accuracy and clinical utility in respiratory illnesses requires evaluating
and comparing alternative methodologies for assessing lung function surrogate tests, such as
Peak Expiratory Flow Rate (PEFR) and Breath Holding Time (BHT). This investigation seeks
to shed light on the effectiveness of BHT and PEFR in the diagnosis of respiratory disorders
and the monitoring of disease progression by conducting systematic comparisons with
established techniques such as Spirometry (ST) and the proposed Non-Technician Dependent
Approach for Assessing Lung Function (N-TDA-LF).
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Figure 6(a): Sensitivity Analysis is compared with N-TDA-LF

Figure 6(b): Sensitivity Analysis is compared with ST

Through the use of sensitivity analysis, the suggested surrogate tests, namely BHT and PEFR,
will be assessed to determine their reliability and robustness in identifying changes in lung
function. During this kind of analysis, the input parameters or assumptions are altered in a
methodical manner to gain an understanding of how these modifications impact the outcomes.
In the context of lung function evaluation, sensitivity analysis refers to the process of analysing
the impact of age, gender, comorbidities, and environmental factors on the sensitivity of BHT
and PEFR to detect abnormalities or changes in lung function. This analysis is performed to
discover abnormalities or changes in lung function. Researchers can uncover plausible sources
of variability in these surrogate tests by assessing their sensitivity across a variety of
circumstances. This will allow them to improve the diagnostic accuracy and clinical utility of
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these tests. Because of this, they will be able to improve their testing processes. Figure 6(a)
shows that the sensitivity analysis, when compared to N-TDA-LF, achieves an astounding
96.8% accuracy. In contrast, sensitivity analysis reveals a little reduced accuracy of 89.2%
when compared with ST, as shown in Figure 6(b).
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Figure 7(a): Threshold Optimization Analysis is compared with N-TDA-LF

Figure 7(b): Threshold Optimization Analysis is compared with ST

Finding the optimal cut-off values for BHT and PEFR is an important part of analysing
thresholds. This is done so that these tests can be utilized as surrogate tests for lung function
and have the highest diagnostic accuracy possible during the process. The sensitivity,
specificity, positive predictive value, and negative predictive value of various threshold values
will be one of the things that will be calculating as part of this study. Researchers have the
ability to generate clinically acceptable thresholds for assessing BHT and PEFR results in the
context of lung function evaluation by going through the process of determining the optimal
cut-off values for sensitivity and specificity. The adoption of these surrogate tests into clinical
practice for the early detection and treatment of respiratory disorders is made considerably
simpler by enhancing the diagnostic significance of these tests by the adjustment of threshold
values. Figure 7(a) shows that when compared to N-TDA-LF, the Threshold Optimization
Analysis achieves an impressive 98.6% accuracy. Figure 7(b) contrasts this with ST, which
reveals a marginally lower accuracy of 92.6%.
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Figure 8(a): Longitudinal Analysis is compared with N-TDA-LF
Figure 8(b): Longitudinal Analysis is compared with ST
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Through the use of this technology, are able to monitor the progression of the disease or the
efficacy of treatment by monitoring the changes that occur in BHT and PEFR over time. The
purpose of this study is to investigate the relationship between variations in conventional
spirometry parameters and individual variances in BHT and PEFR measurements throughout
the course of multiple assessments. Researchers can use longitudinal studies to evaluate the
predictive value, repeatability, and stability of BHT and PEFR as markers of lung function and
disease development over time. This can be done without compromising the accuracy of the
measurements. This approach sheds light on the ever-changing nature of respiratory illnesses
and helps the formulation of tailored treatment approaches. It does this by monitoring changes
in lung function surrogate tests over the course of time. Figure 8(a) shows that when compared
with N-TDA-LF, the Longitudinal Analysis achieves an impressive accuracy of 97.6%. Figure
8(b) shows that when compared to ST, the accuracy is lower at 86.1%.
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Figure 9(a): Diagnostic Utility Assessment Analysis is compared with N-TDA-LF

Figure 9(b): Diagnostic Utility Assessment Analysis is compared with ST

BHT and PEFR are compared to conventional spirometry in diagnostic utility assessment
analysis to discover whether method is more successful for identifying respiratory disorders
like asthma and pneumonia. This research includes a number of different aspects, including the
area under the receiver operating characteristic curve, sensitivity, specificity, accuracy, positive
predictive values, and negative predictive values. Through conducting exhaustive evaluations
of the diagnostic utility of BHT and PEFR over a wide range of patient demographics and
disease states, researchers have the opportunity to gain a deeper understanding of the
capabilities and limitations of these tests as lung function surrogate techniques. This research
provides clinical decision-making with regard to the proper use of BHT and PEFR in screening,
diagnosis, and monitoring of respiratory disorders. It does so by taking into consideration the
diagnostic accuracy as well as the practical difficulties that are present in healthcare settings.
The Diagnostic Utility Assessment Analysis, when compared with N-TDA-LF, demonstrates
a high level of accuracy, which is 98.4%, as shown in Figure 9(a). In contrast, the comparison
with ST in Figure 9(b) demonstrates a lower accuracy of 75.6% and a poorer accuracy overall.
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Figure 10(a): External Validation Analysis is compared with N-TDA-LF
Figure 10(b): External Validation Analysis is compared with ST
An external validation analysis is performed to verify the validity and generalizability of the
Non-Technician Dependent Approach for Assessing Lung Function (N-TDA-LF), which is a
suggested method. The datasets or cohorts used in the analysis are external and independent.
The purpose of this analysis is to demonstrate that BHT and PEFR are reliable and relevant as
lung function surrogate tests outside of the original study context. This is accomplished by
determining whether or not the results are consistent across a variety of demographics and
circumstances. By undertaking an external validation investigation, researchers have the ability
to strengthen their confidence in the validity and utility of BHT and PEFR for the evaluation
of lung function across a wide range of healthcare settings and demographics. Because of this,
the evidentiary basis that supports their application in clinical practice and research will
continue to strengthen. A robust accuracy of 96.4% is demonstrated by the External VValidation
Analysis in comparison with N-TDA-LF, as shown in Figure 10(a). In contrast, the comparison
with ST in Figure 10(b) demonstrates a relatively lower accuracy of 78.5% on the entire
sample.
In this extensive investigation, various analytical methods are used to determine how well BHT
and PEFR work as substitute tests for assessing lung function. When compared to N-TDA-LF
in particular, these tests show a high level of accuracy in sensitivity analysis, suggesting that
they are reliable in identifying changes in lung function. Similarly, BHT's potential is shown
via threshold optimization research.

5. Conclusion
Surrogate tests for lung function correlation with traditional spirometry, such as Breath Holding
Time (BHT) and Peak Expiratory Flow Rate (PEFR), offer prospective options for improving
the diagnosis and therapy of respiratory illnesses. These tests are particularly useful for
healthcare facilities that have limited resources devoted to the study of lung function. There
are a number of challenges that need to be conquered before BHT and PEFR can be
demonstrated to be valid and trustworthy, despite the fact that they have the potential to be
alternatives that are user-friendly and easily accessible. One of these challenges is the challenge
of developing accurate correlations using the data obtained from spirometry analyses.
Standardizing testing techniques and taking into consideration individual variability as well as
confounding factors such as age, gender, and comorbidities is another matter that needs to be
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addressed. To evaluate lung function without the assistance of a specialist, the N-TDA-LF that
has been recommended offers a logical framework. Measuring PEFR and BHT with
instruments that are easy to carry around and simple to use is something that may be done in a
number of therapeutic and healthcare settings, even in regions where resources are scarce.
Regression models and correlation coefficients are the statistical methods that will be utilized
to assess the connection that exists between spirometry, breath-holding time, and pre-
expiratory pressure. Through the use of simulation studies, it will be possible to verify that the
proposed technique is effective in a variety of clinical and demographic areas. If BHT and
PEFR were incorporated into normal healthcare processes, lung function evaluations would be
easier to access, and early management for respiratory disorders would be simpler to handle.
By addressing the practicability and reliability of BHT and PEFR through simulation studies
and performance evaluations, the proposed technique wants to enhance measuring protocols
and contribute to the growth of respiratory healthcare delivery on a global scale.
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