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Abstract 
Introduction: The management of chronic and multiple chronic conditions is a major 
challenge for public health. The pilot study aims to develop a mathematical model which, 
together with a telemonitoring protocol, will ensure the reprogramming of chronic 
patients in the medium to long term, optimizing waiting lists and, consequently, the 
quality of the service provided, including through the pursuit of equity and accessibility to 
the service. 
Materials and methods: The study was conducted by the clinical rehabilitation team at 
the San Felice Polyclinic of ASL Roma 2 between September 2024 and April 2025. Fifty-
four patients diagnosed with moderate COPD were recruited and treated, divided into 
three groups of 18, and were re-evaluated 3, 4 and 5 months after discharge. The patients 
underwent 20 group respiratory rehabilitation sessions and aerobic training with 
progressive load on exercise bikes. 
Statistical analysis: For each sample of patients, the mean and standard deviation were 
calculated of the STS and 6MWT recorded at the beginning of treatment (T0) and at the 
end (T1) of this, at the beginning of the second cycle after the established period (T2) and 
at the end of the same (T3). To evaluate the effectiveness of treatment with readmission at 
3, 4 and 5 months, the average of the test values at the end of the first cycle and at the 
beginning of the second cycle was considered; the Wilcoxon-Mann-Whitney hypothesis 
test was used to compare the distributions. 
Results: For each of the tests carried out both at admission and discharge, the left 
extreme and right extreme are lower than those of the other groups. The Wilcoxon-Mann-
Whitney hypothesis test shows that the treatment is more effective when carried out 3 or 
4 months after the last treatment than when carried out 5 months after the last 
treatment. 
Discussion: The study revealed the importance of initiating comprehensive and 
individualised pulmonary rehabilitation protocols to reduce the incidence of 
exacerbations, thus also producing economic and health benefits. Statistical analysis  
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confirmed a shared approach to planning long-term readmissions, thus facilitating the 
management of waiting lists and the staff involved, improving the quality of the service in 
terms of efficiency and productivity. 
Conclusion: In a period of severe crisis for the Regional Health Service, the management 
of waiting lists ensures the constant pursuit of equitable access to care and accessibility to 
the service, understood as the ability of a service or environment to be usable without 
barriers for everyone and to reach the highest number of users with COPD. 
Telerehabilitation and telemonitoring could represent a great opportunity that can 
increase the level of enforceability of citizens' right to health, sustainability and 
innovation of the National Health System. 

1. Background 
Respiratory diseases are conditions that affect both the lungs and the other parts of the 
respiratory system involved in gas exchange between the external environment and the 
bloodstream (1). 
Chronic obstructive pulmonary disease (COPD) is a common, preventable and treatable 
disease characterized by persistent respiratory symptoms and airflow limitation (2). It is 
caused by abnormalities in the airways and/or alveoli, usually due to significant exposure 
to harmful particles or gases, cigarette smoke inhalation, and influenced by host factors 
like abnormal lung development (3). 
The WHO estimates that 80 million people suffer from moderate to severe COPD and 
that over 2 million people die each year mainly from this disease. In Italy, it is estimated 
that there are about 6 million people affected by this disease, which is one of the leading 
causes of hospitalization and causes about 20,000 deaths per year, with very high social 
and human costs (4). 
Recent studies have shown that this disease’s prevalence is significantly higher in smokers 
and ex-smokers, in people aged ≥ 40 years and in men, although there has been a recent 
reversal of this trend due to an increase in female smokers, which will lead to a balance in 
prevalence between the sexes (3). 
Specifically, the prevalence of COPD in smokers and ex-smokers over the age of 40 is 
approximately 10%, higher in males, and increases with age to over 25% after the age of 
80 (5).  
Approximately one in two patients with COPD experiences at least one exacerbation 
(AECOPD) each year, and it is estimated that a single AECOPD event can increase the 
risk of mortality by 71% (6). These are a serious complication of the disease and have 
many adverse effects, including a worsening of quality of life and acceleration of disease 
progression (7); they are therefore an important negative prognostic factor for COPD and 
also the most common cause of hospitalisation in this type of patient (8). 
Early pulmonary rehabilitation (PR) for AECOPD has a statistically significant beneficial 
effect on readmission rates, 6MWT, Borg score and MRCscale compared to usual care 
without PR (7).  
Therefore, recent guidelines from the American Thoracic Society (ATS) and the 
European Respiratory Society (ERS) suggest that RP should begin within three weeks of 
discharge from acute exacerbations of COPD (9). 
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Respiratory rehabilitation is one of the most important non-pharmacological therapies, 
including physical training, improving aerobic capacity, symptoms and quality of life for 
all degrees of COPD severity (5).  
Through the study of the literature, we can affirm that physical activity has a positive 
effect on exercise capacity, lung function, dyspnoea, muscle strength, fatigue, patient 
autonomy and quality of life (QoL) (10–12).  
This reveals the crucial importance of initiating comprehensive and individualised 
exercise-based pulmonary rehabilitation protocols in order to achieve the highest possible 
level of physical, functional and social autonomy and improve the quality of life (QoL) of 
patients with COPD, as well as reducing the incidence of serious pulmonary and 
functional complications, such as exacerbations, thus also producing economic and 
health benefits (13,14). 
This study aims to investigate the maintenance of improvements achieved through a 
respiratory rehabilitation protocol consisting of breathing exercises and aerobic training at 
3, 4 and 5 months.  
Since the management of chronic and multiple chronic conditions is a major challenge 
for public health (15), the pilot study aims to develop a mathematical model which, 
together with a telemonitoring protocol, will ensure the reprogramming of chronic 
patients in the medium to long term, optimizing waiting lists and, consequently, the 
quality of the service provided, including through the pursuit of equity and accessibility to 
the service. 
  
2. Materials and methods 
Participants 
The observational study was conducted by the clinical rehabilitation team at the San 
Felice Polyclinic of ASL Roma 2 between September 2024 and April 2025. 
Fifty-four patients diagnosed with moderate COPD were recruited. After a treatment of 
20 respiratory rehabilitation sessions, the patients were divided into three groups of 18 
and were reassessed 3, 4 and 5 months after discharge.  
To participate in the study, individuals had to meet the following inclusion criteria: 
diagnosis of COPD, admission to a respiratory rehabilitation program, minimum age of 
18, ability to communicate in Italian and sign the informed consent form for the 
processing of their personal data. Study participants were informed in advance about the 
purpose and methods of the study, signed the informed consent form for physiotherapy 
treatment, and were registered (16). 
Compliance with ethical standards 
The authors certify compliance with ethical standards by following all institutional and 
governmental regulations. All procedures were performed in accordance with the ethical 
standards of the Committee Responsible for Human Experimentation and the 
Declaration of Helsinki, as revised in 2008. Informed consent was obtained from all 
participants for inclusion in the study. The relevant documentation was sent to the Ethics 
Committee on xxxxx. The research involved the analysis of data collected in such a way 
that individual subjects could not be identified in any way. 
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Tools  
The following assessment scales were used to analyse endurance capacity: 
- Sit-to-stand (STST): this is a physical test that assesses leg strength and endurance by 

counting the number of times the patient can stand up and sit down in a 30-second 
period (17); 

- 6-minute walk test (6MWT): this is a test used in cardiorespiratory rehabilitation to 
assess the functional autonomy of a patient with respiratory diseases. The patient is 
asked to walk along a 30-metre straight line for 6 minutes at their own pace. The 
therapist notes how many metres the patient has walked in the 6-minute time limit. 
The test can be stopped by the therapist if the patient shows a high level of fatigue or 
any other condition that could be dangerous for them. In this case, the metres covered 
and the time taken to complete the activity are recorded (18,19); 

- BORG: this is a tool for assessing perceived exertion. The patient is asked to quantify 
their perception of exertion with a number from 0 to 10, where 0 is “none” and 10 is 
“maximum exertion” (20). 

All patients were assessed at the beginning (T0) and at the end of the rehabilitation 
programme (T1). The same assessments were performed at the beginning of the second 
cycle (T2) and at the end (T3). 

Rehabilitation intervention 
Patients performed breathing exercises and aerobic training to readapt to exertion. 

Breathing exercises were performed in groups. Physiotherapists instructed patients on the 
exercises to perform, which were related to breathing (inhalation and exhalation) 
combined with joint movements, such as inhalation combined with shoulder flexion and 
exhalation combined with shoulder extension, or inhalation combined with both 
shoulder flexion and knee extension, or exhalation combined with both shoulder 
extension and knee flexion. All exercises were performed in a seated and standing 
position. 
Aerobic training for readaptation to exertion was performed with a progressive load on a 
stationary bike. Patients were asked to cycle for 20 minutes with a load of 30/40 watts 
progressively for the first 10 sessions. For the next 10 sessions, a progressive load of 40/50 
watts was set for 25 minutes. The rehabilitation protocol is shown in Table 1. The 
progression of the aerobic exercise and therapeutic exercise loads was agreed with the 
Rehabilitation Team based on the heart rate, degree of muscle fatigue and dyspnea 
reported by the patients. 
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Table 1: Rehabilitation Protocol 

  
Data analysis 
For each sample of patients readmitted at 3 months, 4 months and 5 months, the mean 
and standard deviation for the STS1 and 6MWT values were calculated in order to 
determine the respective confidence intervals. A 95% confidence interval was chosen as it 
represent the scientific standard for optimally balancing the reliability of the estimate with 
precision, providing an acceptable margin of uncertainty for the effect observed in our 
sample of 18 patients. For each, the left and right extremes of the interval were calculated 
as shown in Tables 3-4-5. The value of the extremes took into account the normal 
approximation error of the confidence interval, which for our sample is equal to 0.2357. 
Finally, to evaluate the effectiveness of treatment with readmission at 3 months, 4 months 
and 5 months, we considered the average between the test values at the end of the first 
cycle and the beginning of the second. We used the Wilcoxon-Mann-Whitney hypothesis 
test (21), to compare the averages loss of treatment efficacy over the respective pause 
periods (readmission at 3, 4 or 5 months). It is a nonparametric test that does not require 
in advance selection of the data distribution law typically used to measure treatment 
efficacy. 
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3. Results 
The characteristics of the sample are shown in Table 2. 

Table 2: Characteristics of the sample examined 

 
Se Tables 3-5 for the achieved results.  

Table 3: Characteristics of the sample readmitted at 3 months 
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Table 4: Characteristics of the sample readmitted at 4 months 

  

Table 5: Characteristics of the sample readmitted at 5 months 
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Confidence intervals: Tables 6-11 show the confidence intervals for the mean input and 
output, respectively, for the 3-, 4- and 5-month readmission periods relating to STS1 and 
6MTW. 
  
  

  

 
Table 6: STS and 6MWT confidence interval at 3 months entry 

  

  

 
Table 7: STS and 6MWT confidence interval at 3 months output 

Table 8: STS and 6MWT confidence interval at 4 months entry 
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Table 9: STS and 6MWT confidence interval at 4 months output 

  

  

 
Table 10: STS and 6MWT confidence interval at 5 months entry 

  

  

Table 11: STS and 6MWT confidence interval at 5 months output 
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4. Discussion 
It can be immediately verified that the confidence intervals for the 3-month group and 
the 4-month group show minimal differences, unlike the confidence intervals for the 5-
month group. For each of the tests carried out both at entry and exit, it can be seen that 
the left and right extremes are lower than those of the other groups.  
The Wilcoxon-Mann-Whitney hypothesis test shows that the treatment is more effective 
when carried out 3 or 4 months after the last treatment, compared to the sample with an 
entry at 5 months.  
The study revealed the importance of initiating comprehensive and individualised 
pulmonary rehabilitation protocols to reduce the incidence of exacerbations, thus also 
producing economic and health benefits (13,14). Statistical analysis confirmed a shared 
approach to planning long-term readmissions, thus facilitating the management of waiting 
lists and the staff involved, improving the quality of the service in terms of efficiency and 
productivity. 
  
5. Limitations of the study 
The statistical limitations of the study are represented by the small sample size (n=18) and 
the short period of treatment cycles (comparison between 3 months, 4 months and 5 
months). The former affects the construction of confidence intervals as it is not possible 
to take into account the approximation of the normal distribution. For the same reason, 
this affects the choice of the Wilcoxon hypothesis test. Furthermore, a larger sample 
would allow for a study of multiple classes, such as division by gender and age and their 
correlation with the results of the various tests.  
  
6. Conclusions 
At a time of great criticality for the SSR, the management organisation of the lists 
guarantees the constant pursuit of equity of access to care and accessibility to the service, 
understood as the ability of a service or environment to be usable without barriers for 
everyone and to reach the highest number of users with COPD. Telerehabilitation and 
telemonitoring could represent a great opportunity that can increase the level of 
enforceability of citizens' right to health, sustainability and innovation of the National 
Health System. 
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