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ABSTRACT 

Purpose: To examine pulse oximetry (PO) levels in healthy adult subjects across the adult age 

span, and to examine the same in a sample of individuals with severe and very severe chronic 

obstructive pulmonary disease (COPD), and to compare their results. 

Method: PO levels were recorded via the BIOPAC Systems, Inc. (Goleta, CA) computer based 

data acquisition unit in conjunction with the Acqknowledge version 4.1 software. Subjects for 

this study were drawn from a sample of 60 healthy young men and women between the ages of 

18 to 38 (30 males and 30 females) and a sample of 60 healthy older men and women (30 males 

and 30 females) aged 60 years and over. A clinical population of 11 COPD subjects (3 males, 8 

females) with an age range of 43 to 82 also participated in the study. Each subject swallowed 10 

ml of water three times, 10 ml of applesauce three times, and three small individual pieces of 

diced pears three times.  

Results: In the healthy adult group, a 2 (age) x 2 (gender) repeated-measures ANOVA revealed 

no statistically significant main effects for within-subject factors of  bolus type or the interactions 

of bolus x gender, bolus x age or bolus x gender x age. For between-subject variables there was 

no main effect for gender but age was significant F(1, 116) = 36.94, p < .001 and the interaction 

of gender x age was significant F(1, 116) = 5.62, p = .019. For the COPD sample, a Friedman 

test did not reveal statistically significant differences across the bolus types. For the comparison 

between the healthy adults and COPD groups a Mann Whitney U test revealed that there were 

statistically significant differences between the groups for all the of the bolus types: U = 22, p = 

.011 for water, U = 26, p = .023 for applesauce, and U = 22, p = .011 for pears.  

Conclusions: Our study contributed information regarding the invariant nature of PO levels in 

healthy adult swallows across a range of consistencies (for a typical bolus volume). The same 

pattern was true for individuals with COPD. These results suggest that fluctuations in PO values 

might indicate respiratory compromise, though additional investigation is warranted to confirm 

this hypothesis. 
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CHAPTER ONE 

INTRODUCTION 

Monitoring the oxygen saturation levels of the blood, or pulse oximetry (PO), has been 

studied for its potential as a clinical tool for speech language pathologists (SLPs) (Exley, 2000) 

as an objective complement to the clinical swallowing evaluation (CSE). Prior to the use of PO, 

the ability of SLPs to detect hypoxemia in a noninvasive fashion was not an option, leaving SLPs 

without clear evidence to guide their practice with regard to whether an individual could eat and 

drink safely without compromising respiratory status. Since pulse oximeters are now widely 

available, there is a method to accurately measure arterial blood gas (ABG) in a noninvasive 

fashion that is easy, reliable, relatively inexpensive and causes no distress to the subject. 

Pulse oximetry is a noninvasive, objective and continuous method of monitoring the 

percentage of arterial blood oxygen saturation levels bound to hemoglobin in the body (Sellars, 

Dunnet, & Carter, 1998). The development and invention of the first modern day pulse oximeter 

device occurred in 1974 through the work of the Japanese electrical engineer Takuo Aoyagi 

(Aoyagi, 2003). Over the next couple of decades through technological advancements in light 

emission and signal processing, pulse oximeter devices improved dramatically reaching 

widespread use throughout the medical field (Fouzas et al., 2011; Poets & Southall, 1994). Pulse 

oximetry has become so common place in medical settings that it is often regarded as a fifth vital 

sign (Chan, E., Chan, Michael., & Chan, Mallory, 2013; Verhovsek et al., 2010). A pulse 

oximeter is a device that is normally attached to the finger, toe or ear lobe which displays PO 

levels and pulse rate.  

A PO reading is usually identified as being within the normal range for a fit healthy 

person if it falls between 97% and 99%, however, a 95% reading is considered clinically 
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acceptable in a subject with a normal hemoglobin level (Schultz, 2001). While the majority of 

normal PO levels fall between ranges of 95% to 99%, readings of 90% to 99% are considered 

acceptable and values down to 90% are within the range of normal function (Chandler, 1999; 

Lawrence & Johnson, n.d.; Pulmolink, 2008). It is generally accepted that readings below 90% 

are a cause for concern as inadequate oxygen supply will not reach body cells which can be life 

threatening. (Chandler, 1999; Hoyle, n. d.; Lawrence & Johnson, n.d.; Mayo Clinic, n.d.) and 

lead to eventual end organ failure (Ehrenfeld et al., 2010). 

The Use of PO in Swallowing Research 

 Rogers and associates were the first to conduct research on the use of PO in swallowing 

(Rogers, Msall, & Schuard, 1993; Rogers, Arvedson, Msall, & Demerath, 1993). Hypoxemia 

during oral feedings in both adults and children with severe neurogenic dysphagia were revealed 

in these studies using videofluoroscopy swallowing studies (VFSS) and concurrent PO 

monitoring. 

 Rogers, Msall et al. (1993) examined three adult subjects: two with cerebral palsy (CP) 

and one with multiple sclerosis. Pulse oximetry levels were monitored at rest and during oral 

feedings of specific food types while undergoing modified barium VFSS. The pulse oximeter 

was set to record every six seconds to monitor oral feedings (in this study durations were from 

two to six minutes) for each of the different food types. During ingestion the PO levels were 

visually monitored by the examiner and the ranges were documented. Results revealed that PO 

levels dropped significantly in all three subjects from normal levels in the high nineties to below 

70% with the ingestion of semi-solids in one subject, the low to mid-eighties for thickened 

liquids, and the high eighties in the other subject who swallowed water. The authors’ 
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hypothesized that these subjects experienced significant hypoxemia as a result of aspiration 

during oral feedings of a variety of food/liquids.  

 Rogers, Arvedson et al. (1993) examined five children, all with severe CP who had a 

history of coughing, choking, gagging or lethargy during meals. Their investigation examined 

PO readings while the children were fed as they sat in an upright position and ate at their own 

pace until they completed their meals. A variety of food types such as liquids, thickened liquids, 

purees and solids were administered. As in the previous Rogers, Msall et al. (1993) study, a pulse 

oximeter was set to record every six seconds during oral feedings and those readings were 

visually monitored and recorded. Results from this study also revealed that PO levels dropped 

significantly in all five subjects from normal levels in the high nineties at rest to a typical range 

of 81-89% while ingesting liquids, purees and solids. Interestingly, the ingestion of thickened 

liquids in three of the five subjects revealed relatively high PO ranges of 90% to 100%. In one 

subject, however, there was a dramatic reduction in PO to lower than 69% during a brief liquid 

oral feed. Based on these results, the authors concluded that there were significant periods of 

hypoxemia during oral feedings in children with multiple disabilities and that most likely this 

was due to aspiration. 

Pulse Oximetry in Subjects with Neurological Compromise 

 Following the work of Rogers and colleagues, the majority of studies that have examined 

the utility of PO as a diagnostic tool did so with subjects who had neurologically compromised 

conditions or were in an acute state following stroke (Chan & Lo, 2009; Collins & Bakheit, 

1997; Colodny, 2000, 2001; Lim et al., 2001; Ramsey, Smithard, & Kalra, 2006; Rowat, 

Wardlaw, Dennis, & Warlow, 2000; Sellars et al., 1998; Smith, Lee, O’Neill, & Connolly, 2000; 

Sulter, Elting, Stewart, Arend, & Keyser, 2000; Wang, Chang, Chen, & Hsiao, 2005; Zaidi, 
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Smith, Park & O’Neill, 1995). Each of these studies used a finger device probe to measure PO 

levels and reported averages across ingestion. In the Colodny studies (2000, 2001), 104 elderly 

subjects with dysphagia underwent a Fiberoptic Endoscopic Examination of Swallowing (FEES) 

exam while fitted with a PO device. In these studies, PO levels were recorded once per minute 

for 12 minutes while the subject swallowed 5-50 ml of liquid and/or puree. During ingestion, any 

events of aspiration were noted via FEES. Colodny found that PO levels were not significantly 

altered by aspiration for these subjects during oral feedings.  

Rowat et al. (2000) examined 106 stroke subjects in which PO levels were measured 

continuously during a CSE for 10 minutes before the subject ate a meal, during the meal, and for 

10 minutes after completion of the meal. Small declines in PO levels were observed while eating 

a meal and persisted for at least 10 minutes after eating. In a more recent study modeled after the 

Rowat study, Chan and Lo (2009) also found statistically significant but small declines in PO 

levels (0.91%) in both single and recurrent stroke subjects. Unlike the Rowat study, however, 

Chan & Lo also investigated other factors of ingestion, and found that the duration of feeding 

(how long it took to finish a meal) as well was the mode of feeding (self-feed versus being fed) 

did not affect PO levels during mealtime. They found that recurrent stoke subjects experienced 

reduced PO levels for at least 10 minutes following a meal.   

Smith et al. (2000) also evaluated 53 subjects who were in the acute phase following a 

stroke. These subjects were examined with simultaneous PO and VFSS assessments. Subjects 

were given 5, 10, and 20 ml of thick liquid barium, followed by 5 ml of yogurt and 5 ml of bread 

mixed with barium. VFSS results revealed that 15 out of 53 subjects aspirated more than one 

time. Of those subjects who aspirated, PO detected 86% of them (13/15) by levels that dipped ≥ 
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2%. Based on their results, these authors proposed that a CSE conducted concurrently with PO 

monitoring would improve dysphagia detection. 

Tamura, Shishikura, Mukai and Kaneko et al. (1999) investigated continuous PO levels 

using a pulse oximeter device attached to the large toe kept warm with a blanket during meals in 

eight severely disabled people (i.e. seven of the eight with cerebral palsy). Tamura et al. tested 

subjects in both the sitting and in the supine positions to ascertain which position posed more 

difficulty and stress on subjects while ingesting food. Results indicated that that a sitting 

position, contrary to the supine position, is an antigravitational posture and caused too much 

strain on severely disabled musculature to adequately support their body weight for this posture 

long term. Meals consisted of thickened paste consistencies due to the fact that none of the 

subjects had adequately developed masticating abilities. It was found that PO levels dropped in 

almost all subjects but more so when subjects were sitting than in the supine position. In another 

similar study, Olsson, Colston, Opperman, Ragaavendra, and Stewart (2007) looked at PO levels 

of children with cerebral palsy and dysphagia during mealtimes. Nine subjects aged 5 to 17 

participated in the study in which PO levels were recorded before, during and after three meals. 

For the purposes of their study, a desaturation event was defined as a drop in oxygenation 

saturation ≥ 4%. Results revealed that there were no significant differences or drops in PO levels 

before, during or after meal times. Consequently, they concluded that PO readings in children 

with cerebral palsy are not consistent and highly variable during mealtimes and that pulse 

oximetry is not a useful tool for assessing children with cerebral palsy with dysphagia. The 

authors did note, however, that there was frequent movement by subjects both before, during and 

after mealtimes and that this might have adversely affected the outcomes.  
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In the most recent study Umay, Unlu, Saylam, Cakci and Korkmaz (2013) investigated 

24 stroke subjects (i.e. within the first three months) with dysphagia using three different 

methods: a bedside screening test, flexible fiberoptic endoscopic evaluation of swallowing 

(FFEES), and electrophysiological evaluation (EE). In the bedside screening test (BDS) subjects 

swallowed 10 ml of water with a pulse oximetry attached to the finger. A desaturation event was 

defined as a drop in PO levels by 2% or more. It was concluded that when the BDS test was  

used in conjunction with pulse oximetry that PO measurements helped to identify dysphagia 

correctly at a rate of 94% to 100%. The authors cautioned, however, that when the bedside 

swallowing test was considered together with the other two methods implemented in this study 

that false-positive results might be observed.  

Pulse Oximetry as an Index of Aspiration 

A number of studies in the literature have specifically concluded that a decline in PO 

levels actually reflect instances of aspiration (Collins & Bakheit, 1997; Hirst, Ford, Gibson, & 

Wilson, 2002; Lim et al., 2001; Morgan, Omahoney & Francis, 2008; Ramsey, Smithard, & 

Kalra, 2003; Rogers, Msall, et al., 1993; Rogers, Arvedson et al., 1993; Sherman, Nisenboum, B. 

Jesberger, Morrow, & J. Jesberger, 1999; Smith et al., 2000; Sulter et al., 2000; Zaidi et al., 

1995). Collins and Bakheit (1997) simultaneously performed PO with VFSS in 54 acute stroke 

subjects. They found that PO accurately predicted aspiration in 81.5% of their sample when 

subjects swallowed 10 ml of water and concluded that PO could be used as a clinical tool in the 

assessment of subjects with dysphagia. Lim et al. (2001) looked at 50 acute stroke subjects and 

found that 26 of the 50 aspirated. The main aim of the study was to compare the accuracy of the 

Clinical Swallowing Examination (CSE) methods with that of fiberoptic endoscopic examination 

of swallowing (FEES) for detecting aspiration in acute stroke subjects. A pulse oximeter was 
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used simultaneously to measure PO levels before and after swallowing 50 ml of water in 10 ml 

aliquots. This study found that PO was a suitable screening test to identify acute stroke subjects 

at risk of aspiration and that when a PO test was combined with the 50 ml test, which they coined 

“bedside aspiration,” the sensitivity was 100% with a specificity of 70.8%.  

Morgan et al. (2008) looked at nine subjects with pediatric neurogenic dysphagia. In their 

investigation, PO levels were monitored during a three minute baseline prior to the child eating, 

three minutes where the child was feed 5 ml of puree consistency and three minutes of post 

feeding in which the child was at rest after eating. They found that eight out of nine children with 

dysphagia had drops in PO levels during oral feedings. They concluded that PO may provide a 

useful adjunct to CSE for dysphagia screening. In a more recent study (Corrard et al., 2013) used 

PO to help identify hypoxia in babies that were not eating enough during a pervious 24 hour 

period. This study examined 171 young infants aged zero to six months who experienced 

hypoxia as a result of bronchiolitis. They found that infants who consumed less than 50% of their 

usual food intake (i.e. bottle and spoon feeding) during a prior 24 hour period had PO levels that 

dropped below 95%. The authors defined hypoxia as any drop in PO levels below 95% and in 

need of medical attention. If, however, food intake was 50% or greater during a prior 24 hour 

period then PO levels were considered normal (i.e. 95% and above) and no hypoxia was noted.   

Here Zaidi et al. (1995) reported similar findings as Collins and Bakheit (1997) in a study 

of 49 acute stroke subjects with dysphagia when subjects swallowed 10 ml of water while PO 

levels were monitored, as well as for two minutes after the liquid administration. They found an 

association between aspiration as diagnosed clinically by SLPs using CSE and PO and reported 

an 85.5% accuracy rate in predicting drops in PO during aspiration when a pulse oximeter device 

was utilized during the VFSS procedure. Sherman et al. (1999) radiographically assessed 46 
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subjects who demonstrated reduced PO levels during CSE. Barium liquid, paste and crackers 

were sequentially presented starting with the smallest bolus size of 5 ml and gradually increased 

in 5 ml increments, if tolerated, to a maximum of 15 ml. Subjects displaying aspiration or 

penetration as evidenced by radiographic evidence via VFSS without clearing had a more 

significant decrease in PO levels than subjects without aspiration or with penetration who cleared 

it. In another study, Sulter et al. (2000) examined 49 subjects with acute stroke over a six month 

period. Only subjects who were admitted to the hospital within 12 hours after stroke onset were 

included in the study in which PO levels were continuously monitored for the first 48 hours. 

They concluded that declines in PO were related to stroke severity, the presence of dysphagia, 

and older age but not eating.  

A meta-analysis systematic review by Bours, Speyer, Lemmens, Limburg, and Wit 

(2009) reviewed 35 studies and concluded that a water test combined with PO using coughing, 

choking and voice alterations as clinical endpoints is the best method to screen subjects for 

dysphagia. Furthermore, the authors stressed that this particular method should be used by nurses 

and staff for screening of subjects with neurological disorders at risk of dysphagia.  

Clave et al. (2008) looked at elderly subjects (i.e. mean ages 60 to 75 years of age) with 

dysphagia as a result of neurodegenerative, head and neck diseases as well as 12 healthy 

volunteers with a mean age of 40. Videofluoroscopic studies as well as a novel method called 

volume-viscosity swallow test (V-VST) were used to help identify subjects with dysphagia with 

possible aspiration. The V-VST test was specifically designed to be used at bedside to help 

evaluate the major signs, symptoms and complications of subjects at risk for an impaired 

swallow. A finger pulse oximetry unit was specifically used to help identify subjects with silent 

aspiration, which they defined as a decrease of PO levels >3% indicating oxygenation 
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desaturation. Results showed that one-third of subjects with silent aspiration showed reduced PO 

levels when swallowing a variety of bolus volumes and viscosities of nectar, liquid, and pudding 

in 5 to 20 ml amounts.  

Literature Indicating PO was Not an Index of Aspiration 

In contrast to those studies that suggested reduced PO levels during ingestion indicated 

aspiration, numerous studies have proposed that declines in PO levels might not be caused by 

aspiration. More specifically, researchers have proposed that while subjects who aspirate may 

show a decline in PO levels during eating, this does not make PO an index of aspiration (Chan & 

Lo, 2009; Higo, Tayama, Watanabe, & Nito, 2003; Leder, 2000; Ramsey et al., 2006; Sellars et 

al., 1998; Teramoto, Fukuchi, & Ouchi, 1996; Wang et al., 2005). Higo et al. (2003) 

continuously measured PO throughout VFSS and, concluded that although subjects who 

aspirated did show a decline in PO levels it was not a direct indication or accurate predictor that 

aspiration had occurred. Sellars et al. (1998) studied six subjects with dysphagia in which PO 

monitoring and VFSS were conducted simultaneously. Subjects ingested a variety of barium 

textures and volumes of liquid, paste and biscuits. It was found that there were no declines in PO 

levels during or following aspiration, thus, the authors urged caution in using PO as a clinical 

tool capable of demonstrating aspiration with any degree of reliability.  

Ramsey et al. (2006) examined 189 stroke subjects in which CSE was conducted 

simultaneously with PO measurements. Subjects were given 3 ml and 5 ml amounts of water 

with radio-opaque contrast agent to swallow. If subjects were able to swallow two of the three 

amounts of water safely then they were allowed to swallow 75 ml of water to drink continuously. 

Results revealed inadequate sensitivity, specificity and predictive values for the detection of 

aspiration using PO compared with VFSS. However, the VFSS was conducted on only 28% of 
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their sample (54/189 subjects), and those examinations were not conducted simultaneously, so 

the validity of their comparison is suspect.  

Wang et al. (2005) looked at 60 subjects with clinically diagnosed dysphagia and 40 

healthy normal subjects. These authors noted that the standard error rate for most manufacturers’ 

PO devices is 2% or less (Wang et al.). Therefore a decrease of 3% or more in PO levels was 

considered a significant episode of desaturation. The normal subjects participated in a pretest in 

which they each drank 20 ml of water twice with simultaneous PO. None of these subjects had a 

drop in PO levels greater than 2%. For those subjects identified with dysphagia, PO was 

continuously recorded throughout VFSS examinations. Of these 60 subjects, 23 were found to 

have aspirated and 9 of the 23 subjects showed significant drops in PO levels. Of the remaining 

37 subjects without aspiration, 15 also showed significant drops in PO levels. Wang et al. 

concluded that aspiration occurring during VFSS could not be predicted based on declines in PO 

and that further investigation is required to assess if PO can detect aspiration during regular 

meals. 

Inconsistencies in Methodology 

Inconsistencies in methodology might be a key factor contributing to the uncertainty of 

the relationship between PO levels and aspiration. In several of the studies, there was a failure to 

use instrumentation simultaneously with PO, thus, aspiration was inferred (Lim et al., 2001; 

Ramsey et al., 2006; Rogers, Msall et al., 1993; Rogers, Arvedson et al., 1993) while other 

studies used instrumentation simultaneously with PO (Collins & Bakheit, 1997; Colodny 2000, 

2001; Higo et al., 2003; Sellars et al., 1998; Smith et al., 2000; Wang et al., 2005). In the Ramsey 

et al. (2006) study, VFSS was conducted at a later time then PO and used on only 54 of the 189 
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subjects tested. In the Rogers, Msall et al. (1993) and Rogers, Arvedson et al. (1993) studies, 

VFSS was not performed simultaneously with PO 

Interaction between Age, Gender and PO Levels 

In general, aging results in gradual declines in lung performance (Buchholz & Robbins, 

1999; Jaradeh, 1994) subsequently exposing older people to a multitude of pulmonary disorders 

(Donnerberg & Dixon, 1986). This would explain why PO levels were lower in older subjects 

than younger subjects with dysphagia (Colodny, 2001). The Sherman et al. (1999) study 

discovered that those subjects who aspirated or whom penetration was observed while 

swallowing were much older and had significantly lower PO levels than the younger subjects 

with dysphagia who penetrated and cleared or who had no penetration while swallowing. The 

findings from Zaidi et al. (1995) indicate that it is possible that older subjects may have lower 

PO levels than younger subjects regardless of whether they had dysphagia or not.  

With regard to gender, Ricart, Pages, Leal and Ventura (2008) found that in normal 

healthy subjects women had slightly but significantly higher PO levels than men: 98.6 in men 

and 98.9 in women. Feiner, Severinghaus, and Bickler (2007) stated that there is reduced 

accuracy and greater variability in PO readings in women when compared to men. For instance, 

a woman’s smaller finger size and geometry resulted in a smaller pulsatile signal (Feiner et al.).  

Pulse Oximetry in a Clinical Population 

   Measures of PO that have been studied in a variety of clinical populations such as 

chronic obstructive pulmonary disease (COPD) have shown evidence of lower PO levels in 

COPD subjects while undertaking a variety of daily living activities such as eating, sleeping, and 

exercise. Colodny (2001) found that subjects with COPD had lower PO levels than subjects with 

dysphagia or other disorders such as CVA and dementia and more specifically that both normal 
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females as well as females with COPD had higher PO levels than corresponding normal males 

and males with COPD.  

 COPD is known to cause shortness of breath resulting in low levels of oxygen in the 

blood. Consequently, PO may be a useful tool for clinical and investigational purposes to 

evaluate and manage hypoxemia in COPD subjects (Razi & Akbari, 2006). In addition, PO may 

have an important role in determining long-term oxygen therapy (LTOT) treatment (Roberts et 

al., 1998). This is important in that while there is no cure for COPD, LTOT is the only existing 

treatment shown to improve lung function, extend quality of life and extend survival rates 

(Cazzola, Donner, & Hanania, 2007; Fussell et al., 2003; Jolly et al., 2001; Hanania, Ambrosino, 

Calverley, & Donner et al., 2006).    

 COPD is a diagnosis which encompasses a wide range of respiratory ailments given that 

it is a multicomponent heterogeneous disease evidenced by progressively worsening lung 

function (Hanania et al., 2006). More specifically, COPD is commonly associated with or 

described as a mixture of two diseases which are chronic bronchitis and emphysema with 

associated symptoms of cough with or without mucus, chest tightness, fatigue, and wheezing 

mostly as a result of long-term cigarette smoking (Cazzola et al., 2007). According to the World 

Health Organization, COPD is the sixth leading cause of death worldwide and it is projected that 

COPD will be the third leading cause of death and the fifth leading cause of disability in the 

world by 2020 (Guryay et al., 2007; Murray & Lopez, 1997). The gold standard to diagnose 

COPD is through spirometry which is used to detect the severity of the disease based on the ratio 

of forced expiratory volume of one second (FEV1) to the forced vital capacity (FVC). A 

FEV1/FVC ratio of  <70% indicates a definitive diagnosis of COPD (Cazzola et al.).  
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  An important area of discussion regarding PO involves the coordination of breathing and 

swallowing patterns. As Smith, Wolkove, Colacone, & Kreisman (1989) previously established, 

there is a definite and fundamental pattern where breathing becomes more irregular during eating 

and drinking leading to dyspnea in subjects with lung disease such as COPD. Given these facts it 

is reasonable to assume PO levels may be lower in COPD subjects while eating. As established 

earlier in this section, reductions in PO levels have been associated with diverse neurological 

conditions resulting in aspiration. Similarly, it is possible that a lack of coordination of breathing 

while swallowing (Morgan et al., 2008; Nishino & Hiraga, 1991; Teramoto et al., 1996) may also 

indicate declines in PO levels. COPD has been reported to elicit reduced coordination of 

breathing and swallowing (Coelho, 1987; Good-Fratturelli, Curlee, & Holle, 2000; Gross, 

Atwood, Ross, Olszewski, & Eichhorn, 2009; Shaker et al., 1992; Stein, Williams, Grossman, 

Weinberg,  & Zuckerbraun; 1990) as well as an impaired or abnormal swallowing reflex 

(Kobayashi, Kubo, & Yani, 2007; Teramto, Kume, & Ouchi, 2002).  

Most studies have only looked at COPD and the use of PO within the context of daily 

activities/living (Pilling & Cutaia, 1999; Schenkel, Muralt, & Fitting, 1996; Sliwinski, Lagosz, & 

Zielinski, 1994), during periods of exacerbation, (Guryay et al., 2007; Siafakas & Wedzicha, 

2006, Hurst et al., 2010; Terada et al., 2010), during sleep (Gries & Brooks, 1996; Kearley et al., 

1980; Lewis et al., 2003; Little et al., 1999; N. Netzer, Eliasson, C. Netzer, & Kristo, 2001; 

Plywaczewski, Sliwinski, Nowinski, Kaminski, & Zielinski, 2000; Ramsey, Mehra, & Strohl, 

2007; Tatsumi et al., 1986; Zanchet & Viegas, 2006) and during exercise (Carone et al., 1997; 

Casanova et al., 2008; Chuang et al., 2006; Helgerud et al., 2010; Garcia-Talavera et al., 2008; 

Hul, Gosselink, Hollander, & Kwakkel, 2006, Jolly, 2001; McGovern, Sasse, Stansbury, 

Causing, & Light, 2006; Ozalevli, Ozden, Gocen, Cimrin, 2007; Poulain et al., 2003; Roberts, 
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Bell & Wedzicha, 1996; Sandland, Morgan, & Singh, 2008; Somfay, Porszasz, Lee, & Casaburi, 

2002; Spence, Carter, Pearson, & Calverley, 1993; Takigawa et al., 2007), and during the use of 

long-term oxygen therapy (LTOT) (Fussell et al., 2003; Roberts et al., 1998; Zhu et al., 2005). 

There are only a handful of studies which actually examined COPD and PO during eating/meal 

times. These will be discussed in more detail below.   

Brown, Casciari, and Light (1983) used an ear oximeter to measure PO levels in 33 

subjects with stable COPD while eating lunch. They found that subjects with baseline PO levels 

of greater than 90% were not at risk for drops in PO levels during meal times, however, those 

subjects with baseline PO levels of 85% and less showed significant drops in PO levels while 

eating. For the group as a whole, PO levels declined only 1.8% when eating and although 

statistically significant, the decline was still small and not meaningful. There was a subgroup of 

seven of the 33 subjects, however, that had more significant drops in PO levels by 4% or more 

indicating clinically significant desaturation.  

In another study, PO was measured in 44 severe COPD subjects and 12 normal healthy 

controls before, during and after meals using a pulse oximeter on the finger (Schols, Mostert, 

Cobben, Soeters, & Wouters, 1991). In these subjects, they found drops in PO levels greater than 

4% from baseline in the group with severe COPD during and immediately after eating. Wolkove, 

Fu, Colacone, and Kreisman (1998) studied 35 subjects with severe COPD during active eating 

(AE) in which the subjects fed themselves normally, and during passive eating (PE) in which 

subjects were fed by somebody else. PO levels were measured at baseline and during the two 

eating conditions. Wolkove et al. examined mean PO levels in both AE and PE overall and also 

subdivided into two groups. Overall, the researchers found that the change in mean PO levels, 

although small, was significantly greater during AE than PE. In the subdivided group COPD 
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subjects were separated into one group with FEV1 greater than 35% predicated but less than 50% 

predicted and the other more severe group made of subjects with FEV1 of less than 35% 

predicted. The results found that mean PO levels were lower in subjects with more severe COPD 

(FEV1  <35%) during eating. Wolkove et al. also found that when severe COPD were eating this 

caused an increase in dyspnea.   

Mokhlesi, Logemann, Rademaker, Stangl, and Corbridge (2002) compared 20 COPD 

subjects with a mean age of 69 years, who underwent VFSS evaluation while being monitored 

continuously with PO, with 20 healthy age and gender matched control subjects who also 

completed VFSS evaluation and PO monitoring. Subjects swallowed two boluses each of 3 ml 

and 5 ml of barium liquid, completed cup drinking of barium liquid, and swallowing 3 ml of 

barium paste. The authors reported that for all subjects PO levels remained unchanged during 

swallowing. However, based on the VFSS, they concluded that subjects with COPD were more 

at risk than control subjects for aspiration due to decreased laryngeal elevation and lower 

laryngeal resting position.  

In a more recent study, Cvejic et al. (2011) looked at 16 subjects (mean age 70.7 ±7.1) 

with COPD and 15 age and sex matched healthy control subjects in which they sought to 

investigate the presence of penetration/aspiration in COPD while ingesting barium liquid of 5 ml, 

10 ml, 20 ml, and 100 ml volumes. Pulse oximetry levels were taken before, during the swallow 

procedures and for five minutes after the procedure. Additionally, PO was used concurrently 

with VFSS, surface EMG, and through a combination of intranasal pressure measurements via a 

nasal cannula and respiratory inductive plethysmography. Like Mokhlesi et al. (2002) they did 

not find any significant difference in PO levels at baseline between COPD and control subjects 

while drinking smaller bolus volumes. Unlike Mokhlesi and others however, Cvejic et al. (2011) 
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also had subjects ingest 100 ml of liquid barium. It was almost exclusively during this 

continuous cup drinking of this large bolus volume that what the authors termed as “transient 

desaturation” occurred for 13 COPD subjects 12 of who had PO levels measured at ≤ 90%. 

Likewise, four control subjects also showed PO level ≤ 90% after the 100 ml liquid barium 

swallow. 

In another recent study, Cassaini et al. (2011) looked at 16 stable COPD subjects (mean 

age 68 years; 1 woman and 15 men) and 15 healthy control subjects (mean age 65 years; 3 

women and 12 men) while eating a afternoon lunch meal. Heart rate and PO level were measured 

continuously during each of the three separate time periods via a pulse oximeter on the index 

finger: 10 minutes before the meal, 10 minutes during the meal and 10 minutes after the meal. 

Results found that while there was a statistically significant reduction in PO levels between the 

three different time periods noted for the COPD group, it was nonetheless very small or did not 

exceed more than a 1% drop. There were not any statistically significant drops in PO levels for 

the subjects in the control group. In a related finding, similar to the Wolkove et al. (1998) study, 

Cassiani et al. (2011) also found that the severity of the COPD disease may cause or influence 

the degree of dyspnea during eating.   

There are also a few studies that looked at COPD and 24 hour PO monitoring during 

eating/meals times in conjunction with other daily activities/living such as, for example, resting, 

washing, dressing, walking, talking, naps and sleeping (Pilling et al., 1999; Sliwinski et al., 1994; 

Schenkel et al., 1996). For the purpose of this study, the focus will be to examine just PO and 

COPD during eating/mealtimes. In the Pilling et al. (1999) study, they devised something called 

ambulatory oximetry monitoring (AOM) in which 29 severe COPD subjects received LTOT for 

24 hours each day during the testing. Sliwinski et al. (1994) looked at 34 COPD subjects whom 
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all received supplemental oxygen via nasal prongs. A desaturation event was defined as a drop in 

PO levels below 90% for at least five minutes. One hundred and eighteen desaturation events 

were recorded when subjects were breathing air and 183 while breathing oxygen. Sleeping had 

the highest number of desaturation periods and desaturation points during eating occurred 30 

times. The Schenkel et al. (1996) study examined 30 moderate to severe COPD subjects in which 

a desaturation event was defined as a drop of > 4%. The mean PO level during eating was 89% 

and the number of desaturations events for eating was 9.2 for 64.5 minutes of recording time. 

The minimal PO level during eating was 77% with 8.5 desaturation events. It is interesting to 

note that significant correlations were found between the severity of desaturations (not the 

number) of PO levels during eating and the resting mean of PO levels (r=0.649 < 0.01).   

Implications of PO in the Literature 

It is apparent that investigations on whether PO is able to detect episodes of respiratory 

compromise have been strongly divided. For the researchers who claim that there is a 

relationship or link between PO and aspiration, one would need to know if any declines in PO 

was caused by aspiration or something else. Moreover, monitoring PO levels across ingestion 

(e.g. a meal) does not link PO levels with swallowing specifically (changes could be related to 

other factors) thus, when/if PO levels fluctuate the reason for the change remains unclear.  For 

example, many subjects had severely compromised and confounding health conditions with 

generally weakened physical states that might very well have influenced the results (e.g. Morgan 

et al., 2008; Rogers, Msall et al.; Rogers, Arvedson et al.; Wang et al.). Also, it is plausible that 

there are normal variations of PO levels during eating/swallowing that might account for the 

inconsistencies in the literature. A sampling of normal data is needed to examine this further 

before changes in PO levels that occur in clinical populations can be more clearly understood.  
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Gaps in the Literature 

There is literature to suggest a relation between PO levels and eating, but the nature of 

that relationship remains unclear. To date no studies have collected normative data that examined 

PO levels across consistencies (e.g. during the ingestion of food and liquid) in a systematic 

manner with specific controlled variables of bolus type and volume linked to physiological 

measurements. Pulse oximetry measures were primarily collected as average PO readings over 

time and as a result drops in PO levels were not clear.  

In addition, the normative control group data reported in the literature were either  limited 

in number or had small sample sizes (Collins & Bakheit, 1997; Leder, 2000; Lim et. al., 2001; 

Rogers, Msall et al., 1993; Rogers, Arvedson et al., 1993; Sherman et al.,1999; Smith et al., 

2000; Sulter et al., 2000) As a result, there remains a limited understanding of what happens to 

PO levels during swallowing in a healthy adult system. Therefore, investigating PO in a sample 

of healthy individuals is warranted.  

Within this same context, only a very limited number of studies have looked at PO levels 

in subjects with COPD with regard to eating. Moreover, none of them have thoroughly 

investigated PO levels during the swallowing event under systematic conditions while 

controlling bolus volume and consistency. As was stated earlier, PO levels in the COPD 

population also were often measured and collected during a general measure such as during 

eating or meal time.  

It appears that studies have assumed that PO is a stable measure and that fluctuations 

indicate a problem, yet, there is no empirical data to support that supposition. As alluded to 

earlier, it is critical to first and foremost establish the pattern of PO levels during normal 

swallowing across a variety of consistencies of food/liquid. Without this data, it is not possible to 
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discern with any measure of confidence whether PO can or cannot be related to episodes of 

respiratory compromise. Likewise, it is not possible to determine what is happening in the 

clinical population and more specifically whether or not clinical populations like COPD respond 

the same as healthy adults, with regard to PO levels during eating.  

Purpose of this Study 

There is some suggestion that SLPs use PO as a clinical tool during swallow assessments 

and that a drop in PO might indicate respiratory compromise. The ramification of these 

conflicting positions, regarding the role of PO in the literature is problematic because it leads to 

confusion for clinicians. As a result, with regard to PO levels it makes it difficult for SLPs to 

know whether or not a drop in PO levels can or cannot be viewed as a respiratory event or 

possibly aspiration.  

This led us to formulate the purpose for our study and to also address the gaps in the 

literature. The purpose of this research is twofold: The primary purpose was to examine PO 

levels in normal subjects across the adult age span, during the ingestion of a variety of bolus 

consistencies to better understand the relation among PO, age, and gender in healthy adults. 

These findings would add to the existing literature by offering data on which to build a 

normative sample. A secondary purpose was to examine these measures in a sample of 

individuals with COPD in order to monitor PO in a clinical population. An examination of PO in 

both healthy and in respiratory compromised individuals might better elucidate the relation of 

PO and swallowing.  
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Specifically, the research questions were:  

 What are the effects of bolus consistency, age, and gender on PO levels in a normal 

healthy adult population?    

 What are the effects of bolus consistency on PO levels in a COPD population? 

 Are there differences in PO levels when comparing a normal healthy adult population 

with a COPD population? 
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CHAPTER TWO 

METHOD 

All experimental procedures were reviewed and approved by the Florida State University 

Institutional Review Board. Prior to implementing the research protocol, informed consent was 

obtained. Upon receiving informed consent, subjects completed an oral medical history and an 

oral mechanism examination was conducted to ensure normal swallowing structure and function.   

Subjects 

 Subjects for this study were drawn from typical healthy and clinical populations. A 

sample of 60 healthy young men and women between the ages of 18 to 38 (30 males and 30 

females) and a sample of 60 healthy older men and women (30 males and 30 females) aged 60 

years and over, participated in the experiment. In order to be included in the healthy adult group, 

subjects needed to be in good, general health. Exclusion criteria included any history of eating, 

swallowing or respiratory problems as well as any medications with known effects on 

swallowing or respiration. In addition, in the healthy adult sample, smokers were excluded.   

 The clinical sample consisted of 11 COPD subjects (3 males and 8 females) in the severe 

and very severe stages of the disease with stable lung disease ranging in ages from 43 to 82. 

Inclusionary criteria was a confirmed medical diagnosis by a licensed Pulmonologist. All COPD 

subjects signed a medical release form so that the Principal Investigator (PI) could obtain copies 

of their spirometry reports. The classification or stages of severity level of COPD was based on 

the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification (Global 

Initiative for Chronic Obstructive Lung Disease [GOLD], 2014) the primary method for 

describing the severity of COPD. Within the GOLD system, there are four stages based on 

severity of the obstruction or airflow limitation: stage one is mild, stage two is moderate, stage 
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three severe, and stage four is very severe. In the current sample, seven COPD subjects were in 

the severe stages of the disease and four in the very severe stages. Five COPD subjects were on 

long term oxygen therapy or supplemental oxygen at the time of testing. Prior to data collection, 

with their Pulmonologist’s consent, these subjects voluntarily agreed to withdraw O2 support for 

approximately 10-15 minutes to reach baseline O2 blood saturation levels for the duration of the 

testing period. This procedure was followed in order to collect accurate baseline PO readings. 

Details of COPD subject data, severity level and whether or not a subject was on supplemental 

oxygen are given in Table 1.  

 

Table 1 

 
COPD Subject Data 

Subject Male/Female Age Severity levela On supplemental Oxygen (yes/no) 

1 Male  78 Severe Yes 

2 Male 67 Very severe Yes 

3 Male 77 Very severe No 

4 Female 70 Severe No 

5 Female 71 Very severe Yes 

6 Female 82 Severe Yes 

7 Female 43 Severe No 

8 Female 73 Severe No 

9 Female 55 Severe Yes 

10 

11 

Female 

Female 

67 

52 

Very severe 

Severe 

No 

No 

 

All subjects were recruited from the Tallahassee area, including the Florida State 

University (FSU) campus and the Tallahassee Senior Center (see Table 2). The balance of age 

and gender with regard to the healthy adult sample was based on research that indicates a 

significant age and gender interaction with regard to PO levels (Collins & Bakheit, 1997; 

abased on the results the Global Initiative for Chronic Obstructive Lung Disease (GOLD)  
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Colodny, 2001; Feiner et al., 2007; Sherman et al., 1999; Severinghaus & Koh, 1990; Zaidi et al., 

1995).  

Table 2 

Description of Subjects  

Group Number of subjects  Mean age (SD) years) 

Young healthy 

     Male 

     Female 

     Total 

 

30 

30 

60 

 

23.67  (4.53) 

24.76 (4.54) 

24.22 (4.53) 

Older healthy 

     Male 

     Female 

     Total 

 

30 

30 

60 

 

69.03  (8.69) 

72.24 (8.57) 

70.64 (8.61) 

COPD 

    Male 

    Female 

    Total 

 

 

3 

8 

11 

 

 

74.00  (6.08) 

64.12  (12.90) 

70.06  (12.30) 

  

Instrumentation and Software 

 Recording Equipment and Software 

 All hardware equipment and software utilized in data collection were components of 

BIOPAC Systems, Inc. (Goleta, CA). The computer based data acquisition unit, the MP150 

research system, in conjunction with the Acqknowledge version 4.1 software was used to record  

and graphically display the data. During data collection, incoming signals that were 

simultaneously recorded and converted to digital signals included PO levels, a respiration trace 

and surface electromyography (sEMG) signals (see Figure 1).  
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Pulse Oximeter 

 The Fingertip Pulse Oximeter (The TSD123A transducer finger clip) was fitted to the tip 

of the subject’s index finger. The fingertip pulse oximeter sensor interfaced with the OXY100C. 

The OXY100C is a noninvasive multi-channel amplifier module which measures blood-oxygen 

percentage levels.   

Respiratory Monitoring Equipment 

  Respiratory inductive plethysmography via an adjustable nylon strap (respitrace) was 

placed around the upper chest to record respiration (Respiration Transducer-TSD201). The 

respitrace interfaced with the respiration amplifier (RSP100C). The respitrace, placed around the 

Figure 1. Simultaneous and Continuous Signals from the BIOPAC System, Inc. Software Program, 

Acqknowledge. The First Signal Represents the sEMG Muscle Activity; the Second Signal Represents the 

PO Levels in Percent; and the Third Signal Represents the Respiratory Pattern.  
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chest, monitors changes of air volume and movements of the chest, thus, indicating inhalation 

and exhalation patterns.  

sEMG  

 In order to monitor PO levels specific to swallowing, it was important to identify the 

location of the swallowing event in the signals. Therefore, three sEMG electrodes (EL503 

disposable snap electrodes) were used to identify muscle activity coinciding with the swallow. 

One was placed behind the chin beyond the mandible in the submental muscular region, one 

lateral to the thyroid notch and one on the left side of the cheek to serve as the ground. The 

extension cables (MEC110C) terminating in the LEAD110S electrode leads were then connected 

with the electromyogram amplifier module (EMG100C). 

Procedures 

Data collection occurred in one of two locations, the Neuroscience Laboratory in the 

School of Communication Science and Disorders at FSU or at the Tallahassee Senior Center. All 

procedures and the equipment were explained to subjects prior to data collection. During data 

collection, subjects were seated so that they were directed away from the computer screen in 

order to minimize the potential effects that monitoring signals might have on the dependent 

measure. Subjects were seated in an upright position in a straight-backed chair with arms resting 

on armrests throughout the data collection process. The head was kept midline and upright 

throughout experimental tasks.  

First, the respitrace was placed around the upper torso of the body and slightly below the 

armpits. Subjects were asked to breathe out as much air as possible to get their ribcage as small 

as possible while the respitrace belt (BSL Hardware Guide, 2009) was tightened. Following 

placement of the respitrace, an alcohol prep pad was used to prepare the skin of the three 
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individual areas designated for electrode placement and then the sEMG electrodes were attached. 

Once it was determined that the electrodes were securely adhered to the skin, the electrode lead 

wires were attached to each electrode and a single-sided paper surgical tape was placed over and 

around each electrode in order to prevent pulling on the electrodes. Lastly, the fingertip pulse 

oximeter was attached to the subject’s index finger.  

Once the equipment was properly attached to the subject (see Figure 2) and prior to bolus 

administration, approximately one minute was allowed to pass to allow the equipment to 

equilibrate and confirm that the signal was properly registering on the computer screen (Ramsey 

et al., 2006; Sherman et al., 1999). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Data Collection Devices (Respitrace, sEMG, and Pulse Oximeter) Applied to a Test Subject.  
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Swallowing Administration/Protocols 

Subjects were asked to swallow a variety of solid and liquid bolus consistencies. These 

consisted of three trials each of 10 ml of water, 10 ml of applesauce, and an individual piece of 

diced pears (for a total of nine swallows for each subject). The 10 ml of water and applesauce 

consistencies were measured and administered via syringe.  

Administration instructions were as follows, “I am going to place [water or applesauce] 

from this syringe into the side of your mouth. Let the bolus settle in your mouth and swallow 

when you are ready as you normally would. If I am going too fast for you please let me know. 

Try your best to swallow only once.” This “swallow when ready” request was given to try to 

replicate as closely as possible natural feeding conditions (Troche, Huebner, Rosenbek, Okun & 

Sapienza, 2010).  

The instructions for eating and swallowing the diced pears was the same as those for 

water and applesauce except that subjects were given a small cup to hold, which contained 

individual diced pear pieces along with a plastic spoon. Subjects were asked to take one diced 

pear from the cup with the spoon and put it in their mouths for each swallow. Specific 

instructions were given to each subject to thoroughly chew the piece of pear in order to ensure 

one single swallow.    

For all consistencies, if interruptions (talking, yawning, hiccupping, belching, or dry 

swallows) occurred, that portion of the signal was excluded from analysis (Hirst et al., 2002). If 

rapid, repetitive, double swallows or continuous swallows or other interruptions occurred in the 

swallowing phase, only the signals in the series that were determined to be the most free from 

distortion visually were considered (Hirst et al., 2002; Youmans & Stierwalt, 2005).  
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Dependent Variable 

The dependent variable, the Mean Pulse Oximetry (MPO), was recorded for each 

swallowing event. The MPO was operationally defined as the average PO reading per each 

subject, for each swallow across each bolus consistency.  

While we utilized sEMG during experimental tasks, the sEMG signal in this study served 

only as a guide in the identification of the swallow events (Hegland, Huber, Pitts & Sapienza, 

2009). In particular, swallow identification was identified based on increased amplitude in the 

sEMG signal, thus marking the time course for measuring the respiratory signals.  

Data Analysis 

Descriptive Statistics 

Descriptive statistics (means and standard deviation) were calculated for the dependent 

variable to examine distribution characteristics for PO values. Statistical analysis was performed 

for all calculations using a computer-based statistical program (SPSS for Windows, version 21.0, 

SPSS, Inc., Chicago, IL). An alpha level of 0.05 was used for all statistical tests.  

Internal Consistency 

For the dependent variable, the average PO value for each of the three individual 

swallows (water, applesauce, pear) were recorded resulting in three observations for each 

subject. Cronbach’s alpha was calculated to assess internal consistency for this measure.  

Inferential Statistics 

Healthy Groups. To address the first research question, which sought to look at PO 

across ages (young and old adults) and genders (male and female) for the three bolus types 

(water, applesauce, and pear), we employed a 2 (gender) x 2 (age) repeated-measures analysis of 

variance (RM-ANOVA). Age and gender comprised the between-subject independent factors, 
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and bolus type was the within-subjects independent factor. Post-hoc comparisons utilized t tests 

to determine where differences occurred between the groups when statistically significant results 

were found.  

COPD Group. To address the second research question, which sought to look at PO 

across the three bolus types (water, applesauce, and pear), a within-subject analysis using a 

Friedman test was run for the dependent variable.    

Healthy and COPD Groups. To address the third research question, which sought to 

address PO for the dependent variable across the normal and COPD group, a Mann-Whitney U 

test was conducted. Subjects in the group with COPD were first age and gender matched to 

subjects in the healthy group (see Table 3). A Mann-Whitney U test was run to confirm that the 

two groups were not significantly different in age U = 56.5, p = .79 

Table 3 

Age and Gender Matched Groups 

 Normal Group COPD group 

Gender Age Age 

Male 

Male 

Male 

Female 

Female 

Female 

Female 

Female 

Female 

Female 

Female 

78.0 

67.0 

80.0 

71.0 

71.0 

81.0 

47.0 

74.0 

56.0 

67.0 

53.0 

78.0 

67.0 

77.0 

70.0 

71.0 

82.0 

43.0 

73.0 

55.0 

67.0 

52.0 

 

Reliability 

The first author performed all data collection and analysis. Intrajudge reliability was 

determined by reanalysis of approximately 20% of the data consisting of subjects from both the 
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healthy and COPD groups. To examine interjudge reliability an additional examiner was trained 

to analyze a randomly selected 20% of the data consisting of subjects from both the healthy and 

COPD groups. The second examiner was trained in measuring PO using the operational 

definition and a sample data set. Training criterion was established when the second examiner 

met 90% or better agreement with the sample data set. Once agreement was reached with regard 

to measurement procedures, reliability measures were initiated.  

T tests were used to assess intrajudge reliability and interjudge reliability to determine if 

the original analysis results differed significantly from the reanalyzed results for the dependent 

variable within and across examiners.  
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CHAPTER THREE 

RESULTS 

Internal Consistency 

Internal consistency was assessed across the three trials for each bolus consistency for 

MPO using Cronbach’s Alpha. Because the three trials or swallows for each bolus type per 

subject were stable across the three measures it was justified to collapse to one group mean value 

for the dependent variable (see Table 4). George and Mallery (2003) provided the following 

guidelines for interpreting internal consistency of measures: “_ > .9 – Excellent, _ > .8 – Good, _ 

> .7 – Acceptable, _ > .6 – Questionable, _ > .5 – Poor, and_ < .5 – Unacceptable” (p. 231).  

Table 4 

Cronbach’s Alpha Coefficients of Swallowing Tasks for 

the Total Sample (n = 132) 

 MPO variable by bolus types 

Group Water Applesauce Pear 

Young healthy    

    Male 0.820 0.861 0.845 

    Female 0.878 0.890 0.854 

Older healthy    

    Male 0.976 0.966 0.901 

    Female 0.948 0.963 0.946 

COPD    

    Male 0.995 0.998 0.999 

    Female 0.921 0.956 0.988 

Note. MPO = Mean Pulse Oximetry (MPO) 

 

Normal Distribution Testing for Healthy Groups 

Between-factor variables were examined with the Levene’s test of equality of variances 

while Mauchly’s test of sphericity was used to assess the validity of the repeated measures 

effects. Statistical assumptions of normality were met for both tests for the MPO dependent 
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variable (see Table 5 and Table 6). Descriptive statistics for the dependent measure as a function 

of age and gender are reported in Table 7.  

 

Table 5 
 

Mauchly’s Test of Sphericity for the Dependent Variable 

Within Subjects Effect Df Sig. 

MPO  2 

 

.064 

Note. MPO = Mean Pulse Oximetry (MPO)  

 

 

Table 6 
 

Levene’s Test of Equality of Error Variances 

 for the Dependent Variable 

Between Subjects Effect F Sig. 

MPO_W 

MPO_AS 

MPO_P 

2.164 

.731 

2.531 

.096 

.535 

.061 

Note. MPO = Mean Pulse Oximetry (MPO);  

W = Water; AS = Applesauce; P = Pear 

 

 

Table 7 
 

Mean Pulse Oximetry (MPO) Percentages as a Function of  

Age, Group, and Gender 

                          Bolus Consistency for the Dependent Variable 

 Water Applesauce Pear 

Group       

Young       

    Male 96.97 (.150)  96.94  (.146)  96.96 (.137) 

    Female 97.16 (.148)  97.10 (.146)  96.98 (.137) 

Older      

    Male 96.49  (.148)  96.48 (.146)  96.35 (.137) 

    Female 95.83 (.148)  96.04 (.146)  95.89 (.137) 

COPD      

    Male 91.20 (1.97)  91.55 (2.08)  91.84 (1.98) 

    Female 93.87 (1.14)  93.92 (1.20)  93.50 (1.14) 
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Healthy Groups 

To address the first research question, which sought to look at PO across ages (young and 

old adults) and genders (male and female) for the three bolus types (water, applesauce, and pear), 

we employed a 2 (gender) x 2 (age) repeated-measures analysis of variance (RM-ANOVA). Age 

and gender comprised the between-subject independent factors, and bolus type was the within-

subjects independent factor. For within-subject variables, no significant main effects were found 

for bolus or the interactions of bolus x gender, bolus x age or bolus x gender x age for the 

dependent variable. For between-subject effects, there was no main effect for gender but age was 

significant F(1, 116) = 36.94, p < .000 and the interaction of gender x age was significant F(1, 

116) = 5.62, p = .019. See Table 8. T tests were performed to identify where the groups were 

significantly different from each other. See Table 9. See Figure 3 for a graphic illustration.  

 

Table 8 

Summary of Repeated Measures Analysis of Variance for MPO  

for Bolus, Gender, and Age  

Source MPO F Sig. 

Within subjects 

 

Bolus 

Bolus x gender 

Bolus x age 

Bolus x gender x age 

 

Between subjects 

 

Gender 

Age 

Gender x age 

 

 

2.27 

.882 

1.57 

1.96 

 

 

 

1.76 

36.92 

5.62 

 

 

.105 

.441 

.221 

.143 

 

 

 

.187 

.000* 

.019* 

Note. MPO = Mean Pulse Oximetry (MPO);  

*denotes statistical significance at p < .05 
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Table 9 

 
Post hoc Comparisons to Examine Differences between the Healthy Adult Groups 

Groups t statistic p value 

Younger males and younger females -1.37 .173 

Younger males and older males  4.07 .000* 

Younger males and older females  8.43 .000* 

Younger females and older males  5.45 .000* 

Younger females and older females  9.51 .000* 

Older males and older females  9.23 .001* 

Younger groups and older groups  9.23 .000* 

Note. *denotes statistical significance at p < .05 

 

 

 

 

 

96.94 (.62) 97.08 (.59)

96.44 (.95)

95.94 (.90)

90

92

94

96

98

100

Young Men Young Women Older Men Older Women

Figure 3. Differences in PO Levels in Percent and Standard Deviation 

Values between the Healthy Adult Groups 
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COPD Group 

To address the second research question, which sought to look at MPO across the three 

bolus types (water, applesauce, and pear), a within-subject analysis using a Friedman test was 

conducted. The point of this test was to determine if there were any differences with regard to 

PO levels across the bolus types. The Friedman test did not reveal any statistically significant 

differences in PO levels across consistencies for any of the bolus types for the dependent 

variable, X2 (2, N = 11) = 1.64, p = .44 

Healthy and COPD Groups 

To address the third research question, which sought to compare PO levels between the 

healthy and COPD group, a Mann-Whitney U test was conducted. Subjects in the group 

consisted of a total of 22 total subjects: 11 COPD subjects in this study and then 11 age and 

gendered matched subjects from the healthy group. The Mann Whitney U test revealed that there 

were statistically significant differences between all of the bolus consistencies for the dependent 

variable (see Table 10). Specific PO values for the healthy and COPD groups for the dependent 

variable are broken down across the three bolus types and graphically represented in Figure 4.  

 

Table 10 
 
Mann-Whitney U Test for the 22 subjects (11 Healthy; 11 COPD) 

to Determine the Effect of Bolus Type on MPO  

Dependent Variable U Statistic p value 

MPO_W 22 .011* 

MPO_AS 26 .023* 

MPO_P 22 .011* 

Note. MPO = Mean Pulse Oximetry (MPO);  

W = Water; AS = Applesauce; P = Pear 

*denotes statistical significance at p < .05 
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Reliability 

For measures of reliability, there were no statistically significant differences for any of 

the comparisons (see Table 11). Paired sample t tests were used to assess intrajudge reliability 

and interjudge reliability to determine if the original analysis results differed significantly from 

the reanalyzed results for the dependent variable. The tests revealed no statistically significant 

differences for any of the comparisons. 

 

 

96.12 (.61) 96.28 (.51) 96.26 (.49)

93.34 (3.48) 93.28 (3.74)
93.05 (3.45)

90

91

92

93

94

95

96

97

98

99

100

Water Applesauce Pear

Healthy

COPD

Figure 4. Pulse Oximetry Levels in Mean Percent and Standard 

Deviations for the Healthy and COPD Groups Across Bolus Types.  
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Table 11 

 
Results of Paired t tests for Interjudge and Intrajudge Reliability for the MPO Variable 

Bolus Type t statistic 

(Interjudge) 

p value  

(Interjudge) 

t statistic 

(Intrajudge) 

p value  

(Intrajudge) 

 

Water 

 

-.53 

 

.60 

 

 .47 

 

.64 

 

Applesauce 

 

1.77 

 

.09 

 

 .76 

 

.46 

 

Pear 

 

-.65 

 

.52 

 

-.44 

 

.67 

Note. MPO = Mean Pulse Oximetry (MPO) 
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CHAPTER FOUR 

DISCUSSION 

 The primary purpose of the current study was to examine PO levels across swallows of 

water, applesauce and pear in two healthy adult age groups. Within these groups we conducted 

further analysis to identify age or gender effects. A secondary  purpose was  to explore PO levels 

during the swallow across the three bolus consistencies in a clinical population of COPD subjects 

and between an age and gender matched group of healthy adults. The discussion of the results 

includes that of healthy groups, COPD groups, followed by healthy and COPD groups. Lastly, 

clinical implications, limitations and future directions and conclusions are presented.  

Healthy Groups 

 The results of our analyses indicated statistically significant differences across age and 

gender and age interaction. Our findings revealed a between subject main effect for age. Overall, 

the young healthy adult group had a mean PO level of (97.01) and the mean PO level for the 

older healthy adult group was (96.19). The gender and age interaction revealed statistically 

significant differences between older males with a mean PO level of (96.44) and older females 

with a mean PO level of (95.94).  

Our findings are consistent with other studies in that age and gender interactions had 

occurred. The Colodny (2001) examined two age groups: 65 to 80 years of age and 81 years and 

older. A significant gender by age interaction indicated that in the 81 and older group, females 

had higher PO levels than males. In our study, however, older healthy males had higher PO 

levels than older healthy women. In agreement with our study, Rowat et al. (2000) found that 

elderly healthy control subjects had significantly lower mean base PO levels than young healthy 

subjects. Also, like our study, it was found that PO levels were higher in young healthy females 
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(98.6%) than males (97.9%) (Ricart et al., 2008). Hirst et al. (2002) looked at 29 older normal 

subjects (17 male and 12 female) with a mean age of 73.2 years and found drops in PO levels.  

Other studies were also in agreement with ours with respect to the stability of PO in 

normal systems. So as the results of our investigation have shown, with regard to the bolus 

consistencies we examined, PO values were consistent and constant in healthy adult subjects. 

The Colodny (2000) study revealed PO levels among 77 healthy normal control subjects to be 

very stable through pre-feeding (95.90%), during feeding (96.03%) and after eating (96.02%). 

Further support is demonstrated by research such as Morgan et al. (2008) where the recorded 

average PO values for pre-feeding baseline were (98.1%), during feeding (97.9%) and post-

feeding baseline (98.2%) for nine normal controls. Sellars et al. (1998) looked at five normal 

controls subjects with mean PO values of (96.9%) pre-feeding baseline, (96.8%) for liquids and 

(97.1%) for solids.  

 In contrast, Zaidi et al. (1995) did not find any age or gender differences between 

younger and older normal subjects with regard to PO levels. Likewise, Wang et al. (2005) in 

monitoring PO levels in 40 healthy control subjects did not find any significant differences 

between the groups. As noted earlier, the Colodny (2001) study did have significant age by 

gender interaction in normal older subjects in which healthy older females had higher PO levels 

than healthy older males. In our study, however, healthy older females had lower PO levels than 

older healthy men and this was the case for all bolus consistencies. A plausible explanation for 

this maybe that the Colodny (2000, 2001) studies had a smaller normative sample size and did 

not have balanced numbers with regard to age and gender. The Colodny (2000, 2001) studies had 

the largest number of healthy adult subjects, 77, which we came across in the literature to date 

but, nonetheless, were still smaller than our study of 120 normal healthy subjects. While the 
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Colodny (2000) study did include 77 normal healthy controls, this study did not delineate any 

break down in terms of age or gender. Rather, they only provided a blanket statement that their 

study consisted of 77 healthy control subjects between the ages of 23 to 93. The Colodny (2001) 

study only analyzed healthy subjects in the age range from 65 to 80 and over 81 and then they 

eliminated all other healthy normal subjects under the age of 65 thus leaving only 48 subjects in 

these older groups. And of these older groups 17 were female aged 65 to 80 and 17 were males 

aged 65 to 80. Then the older than 81 groups consisted of 11 females and 3 males. 

Our normative sample of data did not have any subjects with a compromised respiratory 

system. As a result, our study provides insight into what happens in the normal system so that 

differences from “normal” can assist in identifying pathology. Specifically, our investigation 

indicates that in a system with good integrity, as witnessed in samples from the healthy groups, 

PO levels do not vary across bolus types. This is important to know as it provides a foundation 

from which we can begin to identify and understand normal function. With additional study, if 

these findings are supported, then it will be possible to more readily identify and distinguish 

pathology.  

COPD Group 

For our study, Friedman tests revealed that for the COPD group there were no 

statistically significant differences across consistencies in PO levels. In this respect, this is the 

same result as that of the normal healthy adult groups. It is a contribution, however, to 

understand that at least across these three consistencies PO levels were relatively invariant.  

Previous studies did not examine consistencies specifically, instead PO levels were averaged 

over the course of feeding/mealtimes (Brown et al., 1983; Cassiani et al., 2011; Schols et al., 

1991; Wolkove et al., 1998).   
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It is possible that the stability of PO measures might relate to the size of the bolus. In our 

study, we only used 10 ml volumes (water, applesauce) and a small section of diced pear. There 

is some evidence to suggest that larger bolus volumes are necessary to elicit drops in PO levels 

among COPD subjects. Case in point was the study by Cvejic et al. (2011) who had COPD 

subjects swallow 100 ml of water and witnessed drops in PO levels of less than 90% but not so 

when those same COPD subjects swallowed smaller bolus volumes. This information is 

important in that our study only had COPD subjects swallow small bolus volumes and there were 

no mean PO levels below 90%. This is further supported by other studies, like Mokhlesi et al. 

(2002), who had COPD subjects swallow smaller bolus volumes and did not witness substantive 

drops in PO levels.    

Another contributing factor that might cause COPD subjects to have drops in PO levels 

very well could do with not just a larger bolus volume, such as 100 ml of water, but rather the 

actual content and size of the meal itself. For example, the Cassiani et al. (2011) study had 

COPD subjects eat a meal consisting of rice, beans, meat, legumes, vegetables as well as 200 ml 

of water. They found that eating such a large meal for severe COPD subjects increased dyspnea 

due to the digestive process itself which expands the rib cage, putting pressure on the diaphragm 

and abdomen and thus reducing lung capacity. 

All COPD subjects selected in our study were deliberately chosen because they were in 

the severe and very severe stages of the disease. This was based on several research studies that 

almost exclusively tested COPD subjects during eating/meal times only in the severe and very 

severe stages of the disease (Brown et al., 1983; Cassiani et al, 2011; Cvejic et al., 2011; 

Mokhlesi et al., 2002; Schols et al., 1991; Wolkove et al., 1998). The logic behind these 

researchers selecting COPD subjects in the end stages of the disease was that the act of eating 
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provoked drops in PO levels in these subjects (Brown et al., 1983; Cassiani et al., 2011). 

Furthermore, it was observed that COPD subjects in these stages of the disease also exhibited 

greater levels of dyspnea as a direct result of eating consequently resulting is lower PO levels 

(Wolkove et al., 1998). As noted earlier swallowing smaller bolus volumes did not cause 

substantive drops in PO levels. Likewise, the severe and very severe COPD subjects in our study 

also did not result in PO levels dropping below 90%. So PO levels may respond to bolus size, 

and those with more advanced disease states may be more sensitive to these effects. Such 

information is an important factor to establish so the effectiveness of monitoring PO levels can 

be better understood. 

Another possible reason why our study did not show sharp drops in PO levels, even 

though our subjects were in the end stages of the disease (five of the subjects were on 

supplemental oxygen), was most likely due to the fact that bolus amounts were introduced to the 

subject while they were in a seated position following a 10-15 rest to establish baseline. If, 

however, these same subjects became even slightly ambulatory or if the measures had been taken 

following ambulation (like walking to the dinner table) one might anticipate drops in PO levels 

given their stage of the disease. Further research and testing is warranted to help elucidate these 

matters further. 

Healthy and COPD Groups 

Our analyses indicated significant differences in PO levels for all bolus types in 

comparing age and gender matched healthy adults and COPD subjects. That difference was in 

the expected direction, namely mean COPD PO levels were considerably and significantly lower 

for both males and females than that of any of the healthy adults. A contributing factor to these 

differences may be due to the fact that our study only tested COPD subjects in the severe and 
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very severe stages of the disease leading to lower PO levels. This was also an observation made 

by the Wolkove et al. (1998) study who examined 35 severe COPD subjects.  

This was not the case, however for some other studies that compared age and gender 

matched healthy adult and COPD subjects in which there were no statistically significant 

differences between the healthy group and the COPD group. A plausible reason for this may very 

well have to do with the fact that these studies used both COPD subjects in both the moderate 

and severe stages of the disease while our study only used subjects in the severe and very severe 

stages of the disease. This is important in that COPD subjects in the moderate stage of the 

disease can have relevantly high PO levels, sometimes on par with PO levels of healthy adult 

subjects. As a result it is possible to assume that the results from these studies that tested both 

moderate and severe COPD subjects together might very well have skewed the results to such an 

extent that no statistically significant differences occurred.  

This is illustrated in the following studies: For example, Mokhlesi et al. (2002), who age 

and gender matched 20 healthy adult subjects and 20 COPD subjects, of whom 16 were severe, 

reported PO levels that remained unchanged during the swallow. Similarly, the Cvejic et al. 

(2011) study, which examined 16 moderate to severe COPD subjects, did not find any significant 

difference in PO levels between healthy adult and COPD subjects except when COPD subjects 

swallowed 100 ml of water. In another study, Cassaini et al. (2011), observed two moderate and 

14 severe COPD subjects that were also in agreement with Mokhlesi and Cvejic noting a small 

difference of less than 1% between PO levels of healthy adults and COPD subjects.  

Another prime reason that our study evidenced sharp contrasts in PO levels between the 

healthy adult and COPD groups might rest in the fact that subjects suffering with COPD most 

certainly have compromised respiratory systems as a result of numerous chronic or progressive 
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conditions. As a result, respiratory difficulties in this clinical population will most certainly 

adversely affect the coordination of the breathing and swallowing process resulting in further 

declines in PO levels.  

Clinical Implications 

 PO may be useful for clinical and investigational purposes to evaluate and mange 

respiratory status in healthy COPD subjects (Razi & Akbair, 2006). This is the case at least for 

the bolus consistencies we have established in our study. Based on our results, PO levels are 

relatively invariant in healthy systems, and  PO levels in severe and very severe COPD subjects, 

although lower than healthy groups, are still very stable measurements. Consequently, a drop in 

PO levels might indicate a problem and should be a red flag for clinicians to take note of. 

Additionally, it has been documented that PO monitoring is useful for clinicians in the severe 

stages of the disease with worsening symptoms (Schermer et al., 2009).  

Limitations and Future Directions 

 Our study used smaller sizes of 10 ml of water, 10 ml of applesauce and small pieces of 

diced pears. As mentioned earlier, studies have demonstrated that having severe and very severe 

COPD subjects swallow larger bolus volumes might elicit drops in PO levels. Therefore, further 

investigation with varying bolus volumes is indicated. Similarly, having severe and very severe 

COPD subjects also ingest thicker bolus viscosities such as perhaps eating a large, heavy meal 

consisting of different types of foods but utilizing physiologic measures to better understand 

desaturation episodes might also cause greater drops in PO levels. In our study subjects ingested 

water and food while sitting down and not moving. It would be beneficial to observe a more 

“realistic” setting where these subjects might walk from another room, then sit down and 

complete the swallowing measures. Such a situation would provide a more realistic image of 



45 

 

what occurs in a natural setting. Given that our study has shown that PO levels are extremely 

stable in both healthy and COPD subjects it would be interesting to observe and examine if PO 

levels in other clinical populations would also remain as stable.  

Given that this study only included 11 COPD subjects, future studies with larger numbers 

of age and gender matched COPD subjects are necessary to determine the presence, pattern as 

well as the impact of eating and swallowing of PO levels with more certainty in this clinical 

population. A larger COPD sample would ensure a more representative data set and strengthen 

conclusions about the interaction of PO and swallowing in the COPD group as well as between a 

normal system and COPD group.  

In our study, subjects in the healthy adult groups were grouped (30 males and 30 

females). Although the sample of healthy adults subjects overall was large, one including the full 

range of the adult age span would help to increase confidence in our findings. 

Conclusions 

 Our study contributed important information to the current healthy adult sample of data 

as well as shed light on the COPD group with regard to PO levels during swallowing across 

several bolus types. Based on our results, PO levels are relatively invariant in healthy systems.  

In addition PO levels in severe and very severe COPD subjects, although lower than healthy 

groups, remain very stable across bolus consistencies.  

  In summary, this study contributed important information to existing normative data as 

well as data from a sample of individuals with COPD with regard to PO levels during the 

swallowing event. The results of the current study, together with future research, may serve as a 

reference point for clinicians and researchers when investigating PO levels during the eating and 

swallowing process in normal and clinical populations. Lastly, additional research is needed, 
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including replications of the current study and studies that include additional bolus types, 

viscosities, and volumes. 
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