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Like many rural environments, Potsdam, New York has relatively low levels of air pollutants. However, exposures during school bus rides may be a contributor to acute adverse respiratory responses in children. This research focuses on the exposure and associated cardiopulmonary effects of children attending the Potsdam School District to diesel exhaust emissions released from school buses. A unique feature of the research is the utilization of the wearable physiologic monitor called the LifeShirt™, which can measure heart rate, respiration, and physical activity. The purpose of this Honor’s project is to validate the LifeShirt respiratory measurements and study the impact of diesel exhaust emissions on respiration in children.

The LifeShirt is a semi-elastic shirt which utilizes real-time continuous electrocardiography (ECG), respiratory inductive plethysmography (RIP), and a biaxial accelerometer (ACC) to measure heart rate, lung volume, and body posture and physical activity, respectively. From these measurements, the VivoLogic software package can calculate many additional parameters. The measurements taken by the LifeShirt were to be validated by comparison to two simultaneous measurements of forced vital capacity (FVC): peak expiratory flow (PEF) and forced expiratory volume in one second (FEV1).  

PEF is a measurement of a patient’s maximum ability to exhale. FEV1 is the amount of air that a patient can forcibly exhale in one second. These readings are high when patients are well, but lower when the airways become constricted. Doctors may determine lung functionality, asthma symptoms, and treatment for other lung-related medical problems by analyzing changes in FVC values over time.  The traditional procedure for measuring FVC requires the patient to take a deep breath and exhale into a sensor for as long and as hard as is possible. In this study, a peak flow meter (PFM) was used multiple times throughout the day with each subject to take PEF and FEV1 readings independent from the LifeShirt.
Algorithms were developed for calculating both PEF and FEV1 from the LifeShirt’s raw lung volume measurements. Custom MATLAB software was created using these algorithms to perform these calculations. The correlation between these calculated values and the PFM measurements was determined. Synchronization issues between the LifeShirt clock and external clock used with the PFM forced the removal of some data. In the remaining data set, the resulting correlations were both statistically significant at a significance level of α=0.05 (PEF: p=6.126E-05; FEV1: p=0.0107). This statistical significance indicates that the LifeShirt’s measurements are valid. These procedures and results will be discussed in this presentation.
The main work in this project has been to determine the relationship between diesel exhaust particle concentration and four cardiorespiratory signals: breaths per minute (Br/m), inspiratory volume (ViVol), minute ventilation (Vent), and R-R interval (RR). Br/m is the respiratory rate in breaths per minute. ViVol is a time series representation of the inspiratory tidal volume. Vent is a measure of the output of respiratory muscle efficiency, indicating the amount of carbon dioxide being exhaled in each breath. RR is the time between R-waves in consecutive heart beats. Work has also been done to relate these signals to the LifeShirt’s motion index (AccM). This presentation will focus on qualitative results of the relationships between these signals, with particle concentration and AccM considered to be explanatory variables for changes in the other four signals. Although quantitative analysis is still in process at this time, a brief discussion of the current quantitative approach to analyzing these signals will also be included in the presentation.
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