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ABSTRACT 

The relationship between patterns of physical activity (PA) participation and 

respiratory tract infectjon (Rn) was examined in young adult male (n=S 1 ) and female (n=70) 

university students during the FaIl and WW sessions (1 1 weeks of observation each). Each 

day subjects noted RTI syrnptoms, rated their level of illness and recorded the durations of 

al1 perceived light, moderate and high intensity PA in a diary. Males and females did not 

difKer significantly on any of the masures of illness duration and seventy, although females 

expenenced slightly more RTI episodes, possibly due to their spending a lesser percentage 

of their total PA in moderate intensity activities. Males performed significantly more high 

intensity activities and total PA than females. 

For both the Fall and Winter sessions, there was a progressive reduction in the number 

of symptoms fiom the first to the last day of the study. Concornitantly, there was also a 

progressive improvement in rating of health; these changes were associated with diminished 

participation in physical activity. Multiple regression analysis indicated that a reduction in the 

cornbined duration of high and light intensity activities explained 37% of the variance in total 

sum of symptoms and 28% of the variance in daily rating of health. 

The incidence, duration and severity of RTI were cornpared between subjects 

classified as either low (LA) or high active (HA) based on the total PA accumulated over 77 

days. LA subjects (1 OM, 28F) averaged 5 1 niin of PA, 3.7 days per week; HA subjects (4 1 M, 

42F) averaged 84 min, 5.6 days weekly. The percentage of total PA time spent in high, 

moderate and Light intensity activities averaged 14%, 4% and 37% for LA, and 22%, 42% 

and 36% for HA. Although both LA and HA had almoa the same incidence rate (82% vs 



86%. respectively) and number of RTI episodes ( 1.5 per person), total sum of symptoms, 

average duration per RTI episode, number of symptoms per RTI episode and daily rating of 

hdth  (indicating lower health status) were significantly greater in HA. HA wbjeas (2SM, 

18F) below the median for TSS spent significantly more time in moderate intensity activities 

(in total min and % total PA) compared to HA subjects (16M, 24F) above the median for 

TSS; they also experienced shoner and less severe RTI episodes. Subjects were also 

classified as high fiequency (HF 7 4 daydweek) and low fiequency (LFs 4 daydweek) 

participants. HF subjects (37M, 47F) expenenced more and longer illness than LF subjects 

(14M, 23F). In conclusion, young adult males and fernales who spent, on average, 20 min 

in light, 25 min in moderate and 7 min in high intensity activities, 4 days per week, 

experiend shoner (4 daydqisode) and less severe bouts of RTI than those who performed 

a greater arnount of PA. Among individuals who could be considered to be highly physically 

active, shoner and less severe RTI illness may be possible when approximately 50% of total 

activity time is devoted to participation in moderate intensity activities. Physical activity 

participation patterns rnay not affect incidence rate or number of RTI episodes in aerobically 

fit young men and women. 
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CHAPTER 1.0 

INTRODUCTION 

The relationship between physical activity and respiratory tract infection (RTI) has 

received considerable resuuch attention in recent years. Studies have focussed on runners 

(Heath, Ford, Craven, Macera, Jackson and Pate, 199 1 ; Nieman, Johanssen and Lee, 1989; 

Nieman, Johanssen, Lee and Arabatzis, 1990b; Peters and Bateman, 1983), orienteers (Linde, 

1 98 7), oarsmen (Budgett and Fuller, 1 Mg), cross-country skiers (Berglund and 

Hernmingsson, 1990), nvUnmers (Pyne, Baker, Fncker, McDonald, Telford and Weidemam, 

1995), obese women (Nieman, Mielsen-Cannarella, Markoff, Balk-Larnberton, Yang, 

Chnnon, Lee and Arabatzis, 1990) and the elderly (Karper and Boschen, 1993; Karper and 

Goldfarb, 1 994; Nieman, Henson, Gusewitch, Warren, Dot son, Butterworth and Nhelsen- 

Cannarella, 1993). A consensus among reviewers (Heath, Macera and Nieman, 1992; 

Weidner, 1 992; Nieman, 1994a; 1994b) indicates that participation in acute high volume 

int ensity andor prolonged activity increases upper respiratory tract infection (URTI) 

susceptibility, but participation in chronic physical activity can have either a positive or a 

negative health consequeme dependhg on freguency, intensity and duration of participation. 

Two weeks after a marathon, 129% of m e r s  who competed in the race experienced 

an infèctious episode (wld, flu or sore throat) cornpared to 2.2% of equaily trained runners 

who did not participate for various unexpiained reasons (Nieman et al., 1 WOb). Additionally, 

fiwluency of upper respiratory tract syrnptoms was inversely wrrelated (-0.995) wit h race 

times; 47% of faster runners compared to 19% of slower nimers experienced URTI two 



2 

weeks afler an ultramarathon race (Peters and Bateman, 1983). Compared to sedentary 

controls who resided in the homes of these ninners, runners experienced significantly more 

URTI episodes two weeks afler competing in an ultramarathon (Peters and Bateman, 1983). 

In contrast to ultramarathon ninners, incidence of URTI and flu were not significantly 

different among ninners who competed in various race categories (5 km, 10 km and half 

marathon) one week der competition compared to one week pnor to competition (Nieman 

et al., 1989). Hence, acute long duration and hi@ intensity activities, in tems of distance nin 

(ie., 42 km to 56 km) and faster race times, may increase URTI susceptibility in ninners. 

Higher levels of chronic physical activity may dso increase URTI susceptibility. 

Rowers expenenced significantly more numerous and severe URTI syrnptoms compared to 

presumably less conditioned and less habitually physically active ROTC cadets over 9 weeks 

(Douglas and Hanson, 1978); one must assume that the rowers were significantly more 

habitually active than the cadets since training information was not presented. More 

convincing aidence was provided by Nieman et al. (1990b) who compared the incidence of 

URTI in runners training 297 km/week with runners training s32 Mweek. These 

investigaton found that the higher volume ninners had a p a t e r  odds ratio for acquiring an 

URTl during the two momhs prior to a marathon. A gmilar finding was show by Peters and 

Bateman (1983) for m e r s  training 265 Mweek and mnners training <65 krn/week during 

the two weeks prior to the uhramarathon. Heath a al. (1991) also showed that ninners who 

totaiied more distance (8664388 kdyear) over a year had a significantly greater odds ratio 

for acquiring an URTI compared to runners who accurnulated less distance (486-865 

kmlyear). In contrast to these four hidies, Nieman et al. (1989) reported that a training 
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volume of > 15 miledweek was associated with a smaller percentage (25%) of wbjects 

acquiring at least one cold or flu sickness compared to subjects training < 15 rniledweek 

(34.3%) two months pnor to the road races. Additionally, 6.8% of the runners preparing for 

the haifmarathon race reported becoming sick with the flu versus 17.9% of the SK and 1 OK 

runners (Nieman et al., 1989). 

In an attempt to explain these observations, Nieman (1994a) suggested that the 

relationship between URTl susceptibility and chronic physical activity may be cu~l inear  in 

that the risk of URTI is decreased below that of a sedentary individual when one engages in 

regular moderate exercise. However, the nsk of URTI is increased above that of the 

sedentary individuai when one participates in excessive amounts of regular high intensity 

exercise. This relationship between URTI and the level of physical activity participation thus 

resembles a J-curve. 

It is irnponant to realize that physical activity does not cause URTI. For both acute 

and chronic activity, high levels of physical activity may weaken hon resistance to infection, 

while regular participation in moderate intensity exercise may improve hoa resistance to 

infection. Mackimon, G ~ M  and Seymour (1991) showed that 5 of 14 squash players and 5 

of 19 hockey players exhibited URTI syrnptoms dunng 10 day and 10 week observation 

periods, respectively. Among the athletes who became ill, as diagnoseci by a physician, 6 of 

7 squash and 5 of 5 hockey URTI episodes were preceded by a significant drop in salivary 

IgA (@A) from pre- to post -practice. The temporal relationship indicated that high levels 

of amte physical actinty had altered immune fûnction, thereby Uicreasing URTI susceptibility. 

Although immune funaion was not directly measured, Karper and Boschen (1993) 
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provided evidence that a chronic moderate exercise program consisting of walking, 3 days per 

week, for 50 to 60 minutes a session, may increase host resistance to infeaion in subjeas, 

aged 60 to 77 yean. Medical records were used to confirm subject testimony of perceived 

incidence and syrnptoms of respiratory infection coiiected by questionnaire at baseline. These 

data were compared to incidence and symptoms collected every 4 weeks prospectively; again, 

medical records were used to ver@ subject testimony. Increased walking capacity and 

lowered incidence of sesrepoxt respiratory syrnptoms were s h o w  fiom badine to 9 and 12 

mont hs at follow-up . 

Nieman et al. ( l99Oa) randornly assigned obese women to either a supewised exercise 

group (EX) that walked 5 daydweek, for 45 minutes at 60% VO, max, or to a sedentary 

control group (SC) that was told not to exercise outside of normal daily activity. Only the 

exercise group significantly increased natural killer cell W C )  actihy when measured at 6 

weeks; increased NKC activity was not seen at 1 5 weeks. Improvement in cardiorespiratory 

fitness in the EX group was correlated significantly ( ~ 0 . 3 7 )  with a reduction in URTI 

symptom daydicident and a change in NKC activity (r0.35) fiom baseline to 6 weeks, but 

not at 15 weeks. The EX group experienced significantly fewer symptom daysrincident 

compared to the SC group (3.5 days vs 7.0 days, respectively). 

In a more recent study of women, aged 65-85 years, Nieman et al. (1993) compared 

a supervised exercise group (EX), who walked 5 times a week at the same intensity and 

duration as in their earlier study (Nieman et al., 1990b), with a control group (CC) who 

performed supenised calisthenic movements designed to minimite any increase in resting 

hem rate. A third group of highly trained subjects (HT) was used for cornparison at baseline 
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and at foiiow-up; these individuals were allowed to train nonnally. The HT group exhibited 

supenor NKC and T-cell funaion at badine compared to the other groups; the EX group 

signsficantly increased aerobic fitness (12.6%), but immune function remained unchanged at 

the shand 12 week sampling periods. The incidence of URTI was lowest in the HT group 

(8%), followed by the EX group (22%) and the CC group (50%). Thus, this data do not 

support the J-curve hypothesis proposed by Nieman (1 994a). The authors suggested that 

higher intensities of activity may be necessary in the elderly to evoke an immune-enhancing 

response. 

Some studies failed to find any relationship between physical activity and URTI. 

Osterback and Qvarnberg (1987) showed that the incidence of URTI was not significantly 

different between children who were active in sporting activities and children who played 

musical instruments. Unfortunately, information with respect to frequency, intensity and 

duration of physical activity was not presented for either group; therefore, it is dificult to 

determine if there were actual differences in physical aaivity participation patterns between 

groups. Additionally, the total nmber of minutes of reporteci sporting activity/week was only 

weakly correlateci ( ~ 0 . 1 8 )  with URTI symptoms for wornen and not at al1 for men 

(Schouten, Verschuur and Kemper, 1988), even though the range of physical activity was 

similar in men and women. Finally, Berglund and Hemmingson (1990) reponed that the 

URTI experienced by cross-country skiers over one year was not significantly different 

between members of a national tearn and members of a college tearn; however, the yearly 

training volumes for the two groups was also not significantly difEerent (546 hrlyear vs 4 13.5 

hdyear, respectively). If training occurred 1 2 months of the year, then weekly training hours 



would not appear to be exorbitant. 

In the studies by Osterback and Qvamberg (1987), Schouten et al. (1 988), and 

Berglund and Hernmingson (1990). the intensity of physical activity may not have been 

sutncient to compromise immune fiuiction. A h ,  suppression of immune function may occur 

without necessarily increasing the incidence of W. Alt hough neutrophil oxidat ive activity, 

measured on three occasions over 12 weeks of intense training, was significantly lower in 

swimmers compared to controls who were limiteci to less than 4 hours of physical activity per 

week, the incidence of URTI was not significantly different between groups (Pyne et al., 

1995). 

Some of the confusion in the literature may be a result of differences in fitness levels 

and exercise dficulty or relative intensity of effort among studies. One's aerobic fitness level 

determines the relative intensity of effon. A level of effon that is high or excessive for one 

individual may not be so for anotber when fitness is considered. Many studies did not report 

the fitness level of their subjects or the relative intensities of effon (Berglund and 

Hernmingson, 1990; Linde, 1987; Oaerback and Qvarnberg, 1987; Pyne et al., 1985). 

However, Nieman et al. (1 989; 1990a; 1993) showed that URTI risk groups differed with 

respect to aerobic fitness. nius, a given level of physical activity could be immune enhancing 

for one individual, but immune suppressing for another. 

To date, not much is known about the specific effects of frequency, duration and 

intensity of physical activity and their interaction with URTI. Studies comparing physically 

active individuals with less active or sedentary groups should document whether or not 

differences in these dimensions of physical activity exin between groups. Even in 
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experimental studies where individuais are assigned to either an exerciseltraining group or a 

control group, the involvement in physical activity training both inside and outside the study 

should be monitored. Quadjmg physical aaivity in terms of distance mn or swum per week 

(or year) may be appropriate for activities such as running or swirnrning; however, any 

guidelines for minunizing the nsk of URTI, or conversely, for enhancing the immune system 

would not be particularly useful for activities such as basketbail, volleyball, or tennis. For 

these activities, the spent in activity would be more appropriate. To date, oniy Schouten et 

al. (1988) quantified sponing activity in terms of total minutedweek. 

There appears to be some agreement among researchers as to which syrnptoms (ie., 

cough, rumy nose and sore throat) should be used to detennine URTI episodes. Similady, 

there is agreement as to the syrnptoms indicating a flu - fever, headache, general aches and 

pains, weakness, chest discodort, cough (Heath et ai., 1991) and nausea/vomiting/diarrhea 

(Nieman et al., 1990b). There are, however, differences in defining how long symptoms 

should be present to indicate the onset of an illness episode. An URTI episode occurred 

when syrnptoms were present for 2 3 consecutive days, or defined symptoms were present 

simultaneously for 1-2 days (Osterback and Qvamberg, 1987). An URTl episode was 

indicated when symptoms were present for a minimum of two consecutive days (Heath et al., 

199 1; Nieman et al., 1990). If subjects reported two or more syrnptoms in the same period 

it was considered as one single p&od of symptorns and the total duration of URTI symptoms 

in the period covered by the questionnaire was the product of incidence and the nurnber of 

days each episode of URTI symptoms lasted Schouten et ai. (1988). The number of 

nonsymptomtic days separating one iilness episode fiom a new episode was 3 days in Heath 
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et al. (1991) and 7 days in Nieman et al. (1 990b). This variation in URTI assessrnent makes 

it difficult to compare results between studies. 

Many studies define the occurrence of an URTI based on the presence of specific 

symptorns. Oniy one study (Nieman et al., 1993) used an interview to confimi the presence 

or absence of URTI. Questionhg the subjects through an interview reduces the possibility 

of mistaking symptorns associated with ailergic reactions, asthma, bronchitis and the like, with 

URTI. 

Most published studies have focussed on the relationship between physical activity and 

the incidence of URTI (Berglund and Hernmingson, 1990; Budget and Fuller, 1989; Heath 

et al., 1991; Karper and Boschen, 1993; Mackinnon et al., 199 1 ; Nieman et al., 1989; 1990b; 

1993; Osterback and Qvarnberg, 1987; m e  et al., 1995). To date, few studies have 

investigated the impact of physical activity participation on illness duration (Linde, 1987; 

Niernan et al.. 19904 Peten and Baternan, 1983; Schouten et al., l988), or severity (Douglas 

and Hanson, 1 978). Similarly, standardized definitions and measures of RTI incidence, 

duration and severity make it difficult to compare results between studies. 

The main purpose of the present study was to examine the relationship between 

patterns of physical activity panicipation and respiratory tract infections (RTI) in young adult 

male and female university students followed for a pefiod of 11 weeks. Specifically, the 

incidence, duration and severity of the RTI will be compared between groups of subjects 

diffenng with respe* to duration of participation in physical activity perceived as high, 

rnod~ate and light htensity, total duration of participation in al1 physical activities and 

fiequency of participation in physical activity. 



CHAPTER 2.0 

REVIEW OF THE LITERATURE 

2.1 rNTRODUCTION 

The foUowing chapter wiU address various aspects of physical activity and respiratory 

tract infection (RTI). Specifically, this chapter will: (1) define RTI in accordance with the 

literature and review different critena used to measure physical activity and RTI, (2) review 

the positive and negative aspects of the various methods used to measure illness and physical 

activity in studies exarnining the relationship between physical activity and RTI, (3) discuss 

the relationship between various aspects of physical activity and RTI, and (4) address the 

possible influence of other factors on RTI. 

2.2 DEFINITION AND CRITERlA FOR RTI 

A respiratory tract infection produces various symptoms in hosts. The type and 

duration of symptorns may Vary depending on whether the host is infécted with a cold or flu 

virus. This section wül define RTI in terms of symptoms, type and duration of infection and 

the econornic burden to society. Similady, various studies have used critena to define RTI. 

These cntena wili be addressed. 

2.2.1 Definition of RTI 

A respiratory tract infêction is a broad tm which includes iflections of the nasal and 

oral pharynx or upper respiratory tract (URTI), but often include the sinuses and the middle 

ear, or the trachea (Ddynple, h i l l ,  Kaden, Lennan, Ryan, 1975). Infections of the trachea 

or lower respiratory tract are called lower respiratory tract i n f i o n  (LRTI). RTI are 
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associated with pharyngitis, croup, bacterial tracheitis, epiglotitis, acute bronchitis and the 

cornrnon cold (Heath, Macera and Nieman, 1992). More serious respiiratory infections, which 

are not part of this review, inciude viral or bacterial pneumonia (Wilson and Thompson, 

1990). 

Colds are the most frequent RTI encountered and are usually limited to the upper 

respiratory tract (Minor, Baker, Dick, DeMeo, Ouellette, Cohen and Reed, 1974). Cold 

symptoms may not appear for several days, until host defence mechanisms produce local 

infiammation, capillary dilation and transudation of fluid (Gray and Blanchard, 1987). The 

most common cold symptoms include stu@ or ninny nose, sneezing, sore throat, cough or 

dry cough and little to no fever (Cohen, Tyrrell and Smith, 1991; Heath et al., 1992; Lee, 

Meehan, Robinson, Mabry and Smith, 1992; Nieman et al., 1990b; Schouten et al., 1988) 

The flu is a general term which encompasses more senous infections (ie., influenza). 

Initial symptoms include sore throat, subnemal buming, nonproductive cough, coryza and 

headache (Wilson and Thompson, 1990). Later, coughing becomes more productive and 

m e ,  with erythema of the sofi palate, postenor hard palate, tonsillar pillas and posterior 

pharynx and increased respiratory rate, body temperature (39 O C ) ,  rhonchi and crackles 

(Wison and Thompson, 1990). The flu is often confused with a cold, because like a cold, it 

ofkn beguis in the upper respiratory tract causing coryza (Sc& and Tymm, 1983; Wilson and 

Thompson, 1990), but moves to the lower respiratory tract (Johnson, 1990). Influenza 

usually lasts between 3 to 7 days, followed by a convalescent penod of approximately one 

week (Stedman, 1982; Wilson and Thompson, 1990). However, the average duration of 

laboratory confirmed cases of influenza in Ontario between October, 1996, to April, 1996, 
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was 12 days (Rivera and Naus, 19%). The range in illness duration was considerable though 

(2 to 36 days). 

Combined, there are over 200 dif5erent viruses which cause RTI (Dalrymple et al., 

1975) some of which include rhinovirus, coronavims, parainfluenza virus, respiratory 

syncytial vinis, influenza vims, adenovirus, enterovirus and reovirus (Cohen, Tyrrell and 

Smith, 1991; Goodman, Hinman, Nolan and Brandling-Bennett, 1980; Heath et al., 1992). 

These viruses account for approximately 80% of cold and flu-like illnesses (Gray and 

Blanchard, 1987). Rhinovirus, which accounts for approximately 30% to 40% of infections 

in adult populations and coronavims, which accounts for approximately 20% of infections in 

adult populations, are the two most cornmon Wuses associated with RTI (Heath et al., 1992; 

Weidner, 1994). These two vinises predominantly manifest themselves in autumn and rnid- 

spring to summer, and in winter, respectively (Heath et al., 1992; Weidner, 1994). 

Unless stated otherwise, any infèction of the respiratory tract, cold or flu-like, will be 

temed an RTI to avoid confusion. Typically, adults experience one to six RTI per year 

(Heath et al., 1992; Weidner, 1994 ), while children and infants experience between two to 

eight RTI (Heath et al., 1992). The typical duration that symptoms last varies considerably 

(Graham, Douglas and Ryan, 1986; Linde, l987), but seven days appears to be the median 

(Gwaltney, 1983). 

RTI are rarely fatal. Only in the most unusud cases has death resulted from a RTI 

(Weidner, 1994). However, RTI are responsible for approximately 20% of al1 illnesses and 

40% of ail respiratory conditions in the United States alone (Couch, 1984). Approximately 

250 million days of rearicted activity, 30 million days of lost work and an equal number of 
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lost school days occurs each year as a nsult of RTI in the United States (Couch, 1984). 

Americafls spend over one billion dollars per year on remedies and over 1.5 billion dollars a 

year on dges ics  in order to relieve their suffering (Couch 1984). Thus, it is not surpnsing 

that millions of dollars (a 100 million) are lost each year in industry and education. 

2.2.2 Criteria for RTI 

Various symptoms have been used in defining the occurrence an RTI. In Nieman et 

al. ( 1 990), subjects recorded the presence of a mnny nose, cough, or sore throat with or 

without supporting symptoms of headache, fever, fatigudtiredness, or 

nausea/vomiting/diarrhea- Subjects in Nieman et al. (1 993) indicated when they experienced 

a mnny or stuc nose, sore throat, coughing, sneezing, or coloured discharge. Cold 

symptoms in studies by Heath et al. (1991) and Osterback and Qvamberg (1987) included a 

runny nose, sore throat, or cough. Although a physician was used to diagnose colds in Lee 

et al. (1992), subjects also reported the presence of a sore throat, sneeting, stufi or runny 

nose, fever, dry cough and coughing up thick phlegrn for a cold. A specific combination of 

at least three cold symptoms was required for a medical team equipped with a symptom check 

list and a medical chart review to diagnose an RTL 

In Linde (1 987), URTI episodes included infections of the nasal cavity, rniddle ear, 

sinises, pharynx, larynx, trachea and bronchi. The specific symptoms were not reponed, but 

only cases where symptoms were present for more than three days were us&. Studies 

involving psychological stress and RTI have also used symptoms and criteria to determine 

illness epides.  RTI symptoms in Graham et al. (1986) included runny nose, sneuing, nose, 

sore throat, hoarse cough, fever, chills, headache and muscle ache. 
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Nieman et al. (1993) and Lee a al. (1992) required that their subjects record flu 

symptorns; these included fever, headache, general aches and pains, fatigue, weakness, chest 

discornfort and cough. In Lee et al. (1992), specific combination of at least four flu 

symptorns, such as pain (headache, stomach pain, abdominal cramps or aches and pains in the 

muscles or joints), cough (either more than occasional dry cough or any productive cough), 

fever, nausea or vorniting, painhl or burning eyes and excess fatigue was required. The 

supporting cold symptoms (headache, fever, nausea/vomiting/diarrhea, fatiguehiredness, 

muscle/joint/bone problems) used by Niernan et al. (1 9Wb) and Heath et al. (1 99 1 ) could also 

indicate flu-like illness. The variety of cold and flu symptoms (ie., specific and nonspecific) 

used in Nieman et al. (1 990a; 1993), Heath et al. ( 199 1 ), Osterback and Qvarnberg (1 987) 

and (Lee et al., 1992) make it difficult to distinguish between cold or a flu-like illness. 

Authors also dEer with respect to the duration that certain symptorns mua be present 

in order to iden@ the occurrence of a cold or a flu-like illness. In Nieman et al. (1 990b), a 

cold was d h e d  when subjects coded for symptoms for 48 hours. Sirnilarly, a cold or a flu 

was present when subjects recorded syrnptoms for more than two days with symptomatology 

confirmed by a thorough review between the primary investigator and each subject (Nieman 

et al., 1993). The outcome masure (RTI) in Heath et al. (1 991) was deemed having 

occurred when symptoms were reported on two consecutive days. In Osterback and 

Qveniberg (1987), the subject apaienceâ a common cold when he/she expenenced any RTI 

symptom for three days or more, or when two or al1 three symptoms were present 

simultaneously for 1-2 days. Subjects in Graham et al. ( 1986) coded for an RTI episode if 

syrnptoms were present for a minimum of 24 hours, or when one symptom was present for 
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a minimum of 48 houn. Although illness was determinecl by a medical tearn using a symptom 

checklist and a medical chart review (Lee et al., 1992), the duration that symptoms had to be 

present was not disclosed. Thus, although there are differences in criteria used to define cold 

or flu-like ilinesses, the rnajority of studies required the presence of symptoms on two 

consecut ive day S. 

A third fmor adding confiision in the literature is the criteria used to separate illness 

episodes. A new RTi occumed when there was three consecut ive days when RTI symptoms 

were not present (Heath et al., 199 1). However, Nieman et al. (1990b) and Linde (1987) 

both required one week without symptoms being reported between illness episodes. Other 

investigators failed to state certain cnteria for defining RTI termination (Lee et al., 1992; 

Nieman et al., 1993; Osterback and Qvamberg, 1987). Although one may assume that 

Nieman et al. (1993) used the same cnteria used in 1990 to separate RTI illness episodes. 

The above mentioned cnteria for definitions of colds (and flus) can lead to differences 

in ffequnccy and duration of illness reponed by the authors. Standards specifjmg a specific 

combination of symptorns, in conjunction with criteria for defining the onset and termination 

of RTI are necessary. 

Few studies have addressed the issue of RTI severity. Cohen a al. (1991) used 

physichn diagnosis of severity and subjective ratings of severity using a sale of O (none) to 

4 (severe). In 94% of the episodes, physicians and subjects agreed upon the seventy the 

illness episode. A subjective rating sale ( l d d ,  2=moderate and 3=severe) was used by 

subjects to assess saferity of symptoms experienced each day of h e s s  in D'Alessio, Peterson, 

Dick and Dick (1 976). At the end of the iliness, subjects were asked to rate the seventy of 
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the episode using the same d e .  However, this area of research is incomplete because many 

midies fàiied to provide detail. For example, Douglas and Hanson (1978) reponed that the 

severity of syrnptoms experienced by the conditioned rowers compared to the unconditioned 

control group was significantly more severe. However, the critena used to determine 

symptom severity were not mentioned; this was mainly due to the supplementary nature of 

the paper. A minimum symptom score was required for an RTI to be defined in Gwaltney, 

Moskalski and Hendley (1978), but a reference to a previously described method was the only 

information provided (Jackson, Dowling, Spiesman and Boand, 19%). Finaliy, Budget and 

Fuller (1989) asked their subjects to provide a subjective rating of severity of illness, but the 

rating scale used was not provided. 

There are several ways to assess severity of illness. For example, the nurnber andior 

rating of severity of symptoms could be useful to determine the severity of the entire episode. 

Also, individual syrnptoms expenenced could be rated on a daily basis. Duration of illness 

also reflects illness severity. The disruption of nonnal routine (ie., taking time off work or 

schooi, modûjuig physical activity patterns, changing sleeping or eating habits, consulting a 

doctor or other health tare professional and taking over-thecounter/prescription dmgs) could 

be used as indicators of severity of illness. Severity assessrnent may be hindered by 

d ifferences in perception or report ing behaviours, however (Mackintyre and Pitchard, 1 989, 

Macintyre, 1993; Weidner, 1994). 

2.3 ASSESSMENT OF PHYSICAL ACTIVITY AND RTI 

Assessrnent of physical activity and RTI is difficult as each has several dimensions. 

For example, fkquency, intensity, duration and mode are four dimensions of physical activity. 
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Respiratory tract infections have the dimensions of frequency, duration and seventy. This 

section will revîew the various methods used to assess physical activity and RTI. Medical 

diagnosis is unique to RTI alone. 

2.3.1 Recall Questionna ires 

Questionnaires have been used to mess both physical activity and üRTI in habitua1 

exercisers (Schouten et al., 1988), runners (Heath et al., 199 1; Karper and Boschen, 1993; 

Nieman et al., 1989; Nieman et al., 1 990b; Peters and Bateman, 1 983; Peters, Goetzsche, 

Grobbelaar and Noakes, 1 993) and international oarsmen (Budget and Fuller, 1989). There 

are advantages and disadvantages associated with the use of questionnaires. 

Scientists can obtain a plethora of specific information over various time periods 

(Ainswonh, Montoye and Leon, 1994). Questionnaires designed to collect information over 

two weeks (Peters and Bateman, 1983), two rnonths (Nieman et al., 1989). six months 

(Schouten et al., 1988) and twelve months (Budget and Fuller, 1989) have been used. 

Questionnaires are economical, easy to admininer and do not overly disturb a subject's normal 

routine (Ainsworth et al., 1994; Hopkins, Wilson and Russell, 1991). 

However, the ability to recall accurate and specific information decreases with time. 

Information about typical fiequency and duration of activity participation and RTI c m  be 

readily obtained over longer time periods (Heath et al., 199 1 ; Karper and Boschen, 1993). 

It may be prudent to limit spedc or detailed questions to shoner time periods. Additionally, 

questions may be misinterpreted, lefk incomplete, or responses rnay be distorted (Hopkins et 

al., 1991). The accuracy of subjective r d 1  of information based on questionnaires may be 

questioned, but if proper attention is given to question construction and if adequate pilots are 
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performed with the addition of validation and compliance, the accuracy of information 

obtained can be increased (Hopkins et al., 199 1). 

2.3.2 Diaries or Log Books 

Studies on m e r s  (Heath et al., 1 99 1 ; Linde, 1987), elderly women (Nieman, et al., 

1993) and mildly obese women (Nieman et al., 1990b) have used diaries to record physical 

activity and RTI symptomatology. Diaries or log books have some advantages over 

questionnaires. Diaries may be more accurate and valid than questionnaires because data are 

gathered on a more consistent and temporal basis (Hopkins et al., 1991 ). As well, 

information cm be collected accurately over an extensive period of time. The variation in 

RTI and physical activity participation c m  be observed using diaries as well (Ainsworth et 

al., 1994). Additionally, physical activity and health status using diaries may be observed for 

both wekends and week days, so that a complete picture of weekly patterns can be obtained 

(Ainswo~h et al., 1994). 

Logs are also advantageous because specific types of physical activities and RTI 

syrnptoms of interest to the researcher may be recorded. Subject compliance cm be 

increa.seâ, as information is M e d  to a fm specific variables. Data processing is simpler due 

to the improved quality of information gathered. 

Udominately, loss of interest by subjects can make compliance a big problem when 

using diaries or logs. Subjects can forget to fi11 in their diaries and l a q  individuals may not 

make the effort to provide al1 of the information sought. Additionally, diaries and logs have 

to be completed and collected fiequently if accuracy is to be maintained (Hopkins et al., 

199 1); this cm becorne a burden to both the subject and the researcher. 
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However, with dlicient encouragement of the subjects and regdar collection of data, 

diaries are an excellent means of decting data prospectively over long penods of time. The 

use of checklists, colurnn/row headings or tables, description of tenns and clear directions 

(both verbal and written) minirnize subject's tirne and effort in completing the diary. With 

good organization, information can be entered directly fiom the diaries into the computer for 

analysis (Hopkins et al., 199 1 ). 

2.3.3 Interviews 

InteMews offer certain advantages. A number of authors studying the relationship 

between physical activity and RTI in children (Osterback and Qvarnberg, 1987), runners 

(Peters and Bateman, 1983; Petas et al., 1993) and elderly women meman et al., 1993) have 

used interviews to collect data. l n t e~ews  offer a more personal touch to collecting data. 

Questions which subjects find confiising c m  be clarified by the inte~ewer (Ainsworth et al., 

1994) or restateci in a more understandable manner. Also, subjects are present to clarify any 

of their responses which the researchers find conhsing. The collected information does not 

have to be subsequently rnailed or picked up, as interviews cm be performed over the phone 

(Osterback and Qvarnberg, 1987; Peters et al., 1993) or face to face. The data are available 

immediately der the interview for analysis. However, in te~ews  can be very costly in terms 

of money and time. 

2.3.4 Medical Diagnosis 

The use of physicians andlor laboratory analysis have been us& to diagnose RTI in 

members of the rnilitary (Linenger, Flinn, Thomas and Johnson, 1993; Lee et al., 1992), 

national-level athletes (Mackinnon and Seymour, 1991), intercollegiate athletes (Weidner, 
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1994b) and the elderly (Karper and Boschen, 1993). With the aid of laboratory analysis and 

yean of training and experience, doctors are uniquely suited to accurately diagnose LTRTI. 

Unfonunately, medical costs are enormous in cornparison to any other method of data 

collection previously dimissed. As an alternative to direct provision of medical examination 

by the Uivestigators, studies could ask subjects to provide a professional diagnosis fiom their 

doctor, or other qualified health care professional. Additionally, it may be possible to obtain 

the medical records of subjects with their consent to validate information collected via 

questionnaire, diary, or interview (Karper and Boschen, 1993). 

2.3.5 Assessrnent and Categorization of Physical Activity in RTI Studies 

To date, the various studies that have exarnined the relationship baween physical 

activity and RTI have measured only one or two dimensions of physical activity-intensity, 

frequency or duration. Some continuous measures of physical activity include average weekly 

(Nieman et al., 1989; Nieman et al., 1 WOb; Peters and Bateman, 1983) or yearly ninning 

distance (Heath et al., 199 1 ; Nieman et al., 1989), training intensity (Nieman et al., 1990b) 

and weekly energy expenditure (Schouten et al., 1988). 

Intensity of physical activiîy was assessed by subjects who had to rate the average 

intensity of their runs on hard and easy days of training using ratings of perceived exenion 

(Nieman et al. , 1989; 1990b). In Peters and Bateman (1 983), subjects reported average 

mnning speeds as a masure of race intensity or fitness level. 

Fewer studies have considered fiequency of physical activity. Nieman et al. (1989) 

and Heath et al. (1991) asked subjects to indicate the average number of runs per week. 

Schouten et ai. (1 988) asked subjects to estimate the average frequency per week at which 
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they participated in various activities under light, moderate and heavy intensities. 

Although information was collected retrospectively via queaio~aire over three 

months, Schouten et al. (1 988) considered aü three dimensions of physical activity . Schouten 

et al. (1988) asked subjects to estimate the average frequency and duration of tirne spent in 

three metabolic equivalent (MET) intensity categories-light (4-7 METS), moderate (8- 10 

METS) and heavy ( 2  10 METS). Average w d y  energy arpenditure was derived by utilizing 

the fiequency and duration of the various activities and their correspondhg MET values for 

each week. 

MET values for physical activities are based on an average energy expenditure (or 

range of values). One inherent drawback to this method is that activities such as running and 

cross-country skihg might be performed at higher or lower intensities than the assigned MET 

value and thus lead to an over-or underestimate of energy expenditure. Nevertheless, this 

method is practicd for large sarnples where subjects are apt to perfom numerous activities 

with various combinations of frequency, intensity and duration. Unfortunately, few studies 

provide a complete picture with respect to the dimensions of physical activity and RTI. 

Physical activity measures such as weekly or yearly training distance are continuous 

variables and can Vary considerably. Based on these measures of physical activity, studies 

have categorized subjects into groups. Peters a al. (1993) calculated training status using the 

product of kilomtres run per week and the number of weeks spent in training as a fùnction 

of the average speed at which these kiiometres were covered (rnidkm). Subjects fell into 

three activity uttegories: low, medium and high. W& the exception of Nieman a al. (1 WOb) 

who groupeù subjects into six weekly training volume categories (c3 2 km, 32-47 km, 48-63 
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km, 64-79 km, 80-96 km and 2 97 km), the majority of studies grouped subjects into two 

categories. For example, training volumes of > 1 5 miledwk or < 15 miledweek (Nieman et 

al., 1989) and Xi5  M w k  or C65bnhvk (Peters and Bateman, 1983) were chosen. Heath et 

al. (1 991) categorized m e r s  into three groups (486-865 miles, 866-1 3 88 miles and > 1 3 88 

miles) based on yearly training volumes. 

However, training distance per week or per year is limited to activities such as 

ninning, cycling or swimrning. This aspect of physical activity is not practical for activities 

such as racquet sports, soccer, volleyball and the like. Minutes or houn of physical 

activity/wk and number of sessiondwk are more appropnate measures for these activities. 

For sports such as racquet sports, soccer and volleyball, the total duration of activity per 

week or the number of sessions per week could be used to quanti@ activities. Unf'ortunately, 

total weekly min and number of sessions do not provide information on intensity. 

Finaily, abjects have been classified based on the type and distance of activities that 

they typically pmicipate in (eg., running and swimrning events). Groups were based on 

m e r s  and controls in Peters and Bateman (1 W), Nieman et al. (1 99Ob) and Linde, (1 987). 

However, it is often assumed that controls are less physically active than the experimental 

groups. Pertinent physical activity information for both active and control groups is critical 

for comparison. 

2.3.5.1 Statistics used in RTI Studies 

DXkrent statistics have been used to explore the relationship between physical activity 

and RTI. Depending on the type of data being examined (ie., intervalkatio or 

ordinallnominai), certain statistics are more appropriate than others. The nature of the 
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statistics used in the majonty of studies examining the relationship between physical activity 

and RTI has been descriptive. 

To examine the relationship between physical activity and RTI, one can group subjects 

imo categories based on meawes of physical activity or RTI. Speannan Rank (Schouten et 

al., 1988) and Pearson (Peters and Bateman, 1983; Weidner, 1994) correlation coefficients 

were used to describe relationships among measures of RTI and physical activity. Also, to 

examine the relationship between physical activity and RTI, groups (eg . , nominal categones) 

can be tested for independence. Chi-square has been used to test differences between 

expected and actual fiequencies of subjects (eg., male vs female) in illness categories (eg., 

sick vs not sick) (Linde, 1987; Nieman et al., 1989; Nieman et al., 1990b; Peters and 

Bateman, 1983; Pyne et ai., 1995; Straus Lanese and Lehan, 1988; Weidner (1 994). Means 

and standard deviations are usehl fiom an exercise prescriptive perspective. Analysis of 

variance was also used to compare masures of RTI between running groups (Nieman et al., 

1989) and between groups classified on the basis of average daily alcohol consumption (Engs 

and Aldo-Benson, 1995). T-tests were used to detamine if there were significant differences 

between genden for mean scores for training volumes and total activity (Heath et al., 199 1 ; 

Nieman et al., 1989). More powerful statistics, such as MANOVA (Nieman et al., 1990b; 

Engs and Aldo-Benson, 1995) and logistic regression (Heath et al., 1991; Nieman et al., 

1990b), have been used to explore the relationship between physical activity and RTL 

2.4 THE RELATIONSHIP BETWEEN PHYSICAL ACTlVITY AND RTI 

CLinical evidence has show that different levels of physical activity may either r«ard 

or enhance the functioning of the immune system, making one more or less susceptible to 
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infection (Heath et al., 1992; Weidner, 1994). Nevertheless, the relationship between phy sical 

activity and RTI is complex and not well defined. Physical activity, on an acute or chronic 

basis, can be perfonned at different fiequencies, intensities and durations. RTI can be 

classified according to frequency, duration and seventy. Finally, studies which have 

attempted to examine the nature of this relationship have used various methodological designs 

(ie., cross-sectional or longitudinal). Aaite and chronic phy sical activity (wit h intensity ) basis 

will be discussed in relation to RTI. 

2.4.1 Rcsponses to Acutc Physical Activity 

Few studies have examined the relationship between acute physical activity and RTI 

(Nieman, et al., 1989; Nieman et al., 1 WOb; Peters, and Bateman, 1983). Al1 of the subjects 

in these studies were mnners randomly selected from larger groups of ninners participating 

in particular cornpetitions and varied in running ability, experience and fitness. 

A goup of runnen (M=1906 and F=366), averaging 7.2 years of ninning expenence 

and a control group of equally trained runners were selected from participants in the Los 

Angeles Marathon (LAM) (Nieman et al., 1990b). Arnong 1828 runners who did not have 

an illness episode prior to the LAM, 236 (1 2.9%) of rumers who ran in the LAM reported 

having a wld, fly or sore throat 7 days der  the race compared to only 134 (2.2%) of equally 

trained runners who did not participate in the LAM. Peters and Bateman (1983) randomly 

selected a group of ultramarathon ninners (Mt 145 and F=S), who, in tem, were asked to 

nominate a control subject (of either but similar age) who was a CO habitant (n=124). All 

subjects were questioned two weeks d e r  the ultramarathon race with respect to RTI 

symptoms. A Ygnrficantly srnaller percentage of controk (1 5.3%) experienced symptoms two 
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weeks following the ultramarathon compared to the m e r s  (33.3%). Additionally, there was 

a significant inverse relationship (r4.995) shown for the t h e  taken to cornplete the race and 

the number of RTI syrnptoms experienced. Two weeks &er the race, almoa hdf of the 

faster runners (47%) who took less than 4 hours to complete the race experienced RTI 

syrnptoms compared to 1% of slower runners who took 5.5  hours to 6.0 hours to complete 

the race. 

Nieman et al. (1989) showed that during the week following 5km, 1Okm and 2 1 km 

road races. ninners did not report an increase in the number of infectious episodes (colds and 

flus) compared to the week prior to the race. It would appear that the intensity of the races 

was high @ven t hat 5 1 % of the ninners reponed a personal best and that the average rating 

of perceived exertion (RPE) in the last 15 minutes of the race was 6.3 (close to "very hard" 

on Borg' s 1 0 point scale) and that 3 7% of the runners reponed a value of 8 or higher. 

Subjects in Nieman et al. (1990b) and Peten and Bateman (1983) ran for a considerably 

longer period of tirne than subjects in Nieman et al. (1 989). Hence, long duration effort (at 

race pace) may increase rumers' susceptibility to RTI, while higher intensity activity 

performed over shorter durations may not. 

Mackinnon et al. (199 1) mea~ufed salivary IgA (s-IgA) in national team squash (n= 14) 

and hockey (n= 1 9) athletes before and after daily training sessions over 1 0 weeks and 1 0 day s 

of observation, respectiveiy. Five squash and 7 hockey players exhibited RTI (physician 

diagnosed) dunng the study periods; 1 1 of these 12 iliness episodes were preceded by a 

significant decrease in s-IgA concentration after exercise. This study suggested that a 

lowering of s-IgA by exercise rnay impair immune fùnction, which may increase RTI 
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susceptibility . 

To date, there is no direct idonnation available on the relationship between 

participation in moderate or light intensities of physical activity and RTI susceptibility. 

Additionally, no study has examined the possible effeas of physical activity on duration and 

severity of RTL Future research should investigate these two relationships to complete the 

picture on the relationships between acute high, moderate and light intensities of physical 

activity wit h RTI susceptibility, duration and severity . 

2.4.2 Responses to Chronic Physical Activity 

Chronic physical activity can be specified by frequency, intensity and duration of 

participation but with relative regulady over an extended period of time. Previous reviewers 

(Brenner, Pang and Shephard, 1994; Nieman, 1994a; Nieman, 1994b; Weidner, 1994) have 

concluded that compared to sedentaiy individuais, high levels of physical activity may increase 

RTI susceptibility, while moderate levels of chronic physical activity may decrease RTI 

susceptib'ity. Nieman (1994a) suggested that the relationship between RTI susceptibility and 

chronic physical activity may be curvilinear (or J-shaped) in that the risk of RTI is decreased 

bdow that of the sedentary individual when one engages in regular moderate exercise and the 

risk of RTI is increased above that of the sedentary individual when one habituaily participates 

in high intensity exercise. Training experience is also concomitant with chronic physical 

activity and may offer some protective effect. 

2.4.2.1 High Intensity of Physical Activity 

The majority of studies support the fact that high levels of physical activity increase 

the risk of aquiring an RTL Individuals who engage in high level cornpetitions train with 
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greater frequencies, intensities and durations of effort. As athletes move closer to their 

maximum performance potential, a progrrssively d e r  yield in performance is derived from 

a progressively greater training stimulus (ie., training volume). Hirsch (1 979) reported that, 

for both male and female athletes during a one year period, RTI was the most frequent 

medical condition, even over injury. 

JoW(1974) stated that colds and infections of the nasopharynx causing sore throats 

and n a d  catarrh were extremely cornmon among athletes of the British Olympic Team. 

Timm, Wallach, Stone and Ryan (1 993) reviewed 15 years of illness and injury in amateur 

boxing at the US Olympic Training Centre and reported that RTI compnsed 71% of the 

illness episodes. Respiratory tract infeaions (colds= 16.4%. influenza= 1 7.2%, upper 

respiratory tract infeztionr-20.3% and sore throat=23.1%) compnsed the majority of illnesses 

among NBA players dunng a 6 to 9 month season (Steingard, 1993). Hence, individuals 

training for cornpetition may increase their nsk of acquiring a RTI as a result of their high 

levels of physicd activity. 

Douglas and Hanson (1978) compared the fiequency and severity of specific M I  

symptoms between a group of conditioned (5 5 rnl*kg''min" 5 V 4  max ?; 76ml*kg*1-min'1) 

male rowers and a group of unconditioned (30 rnl*kg''-min" r VO, max 3 54ml-kg-1-Mn'') 

ROTC cadas, aged 1 8-26 years, using a validated syrnptom checklist over the last 9 weeks 

of a fdl semester. The crew expericnced significantly more numerous and severe RTI 

symptoms compared to the ROTC cadets. The dflerence in illness was presumably a result 

of pater pbysical activity lwels arnong the conditioned rowers and not due to their higher 

level of fitness (or genetic factors). Linde (1987) compared the frequency and duration of 
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RTI ( w m o n  cold and influena) in orienteers (M=28, F=14) and sarne sex and age-matched 

(mean=24 years) controls (M=27, F= 14) over a one year period. Assuming that onenteers 

were habitually more active than the controls, the orienteers experienced significantly more 

R n  episodes (2.5 vs 1.7, respectively) than the control abjects. However, duration of illness 

was not significantly different between orienteers (7.9 days) and controls (6.4 days). Once 

again, the increased illness seen in the athietes was presumably a result of their greater 

involvement in physical activity. Douglas and Hanson (1978) and Linde (1987) did not 

provide evidence that athletes engaged in higher levels of physical activity. 

Schouten et al. (1988) provided detailed information with respect to energy 

expenditure and minutes per week of physical activity in a random selection of Danish men 

(n=92) and women (n=107), aged 21 years. These investigaton showed that a smail, but 

significant correlation (r=-0.18) between the incidence of RTI symptoms and energy 

expenditure (METS/wk). During the two month period prior to the LAM, Nieman et al. 

(199ûb) detennined that the odds ratio (for risk of RTI) of runners (M=1906, F=366) training 

2 97 kmlweek compared to runners training <32 Wweek was significantly greater. For 

every increase in weekly mnning volume, a subsequent increase in the odds ratio occurred; 

this was mostly explained by the increased odds of reported sickness in the r 97 Mweek 

group. In contrast, during a two week period pnor to an ultramarathon, 40% of the ninners 

(n=94) training r 65 kmfweek were symptomatic cornpared to 2% of runners (n=45) 

training 165 krn/week (Peters and Bateman, 1983). Heath et al. (1991) showed that total 

yearly running volume was a significant nsk factor for acquiring an RTI. The odds ratio 

increased from 1 .O for those training < 486 miles to z 3 or more for rumen training > 866 
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miles in a group of male (n=447) and female (n=83) rumen, aged 39.4 years. Although not 

significant (p=0.09), a greater percentage of runners (n=136) training s 15 rnileiweek 

compared to m e r s  (n=137) training 2 1 5 miiedweek (34.3% vs 25%. respectively) had at 

least one Rn pnor to the races (Nieman et al., 1989); of the 44 runners preparing for the half 

marathon, only 6.8% reported expenencing a flu compared to 17.g0! of 229 ninners 

preparing for the 5 km and 10 km races (~10.067). The lower yearly training volumes by 

runners studied by Nieman et al. (1989) may explain the discrepancy in results mentioned 

earlier (Heath et al., 199 1 ; Nieman et al., 1990b; Peters and Bateman, 1983). 

2 A2.2 Moderate Intensity of Physical ActiMty 

In 1994, Karper and Goldfarb examined the effeas of a moderate exercise program 

on acute upper and lower respiratory tract infection in eight adults, aged 63-71 years. 

Subjects trained for 12 months, three days per week, for 50-60 minutes a session. Exercise 

consistai of stretching, light dumbbell weight training and walking. Data were compared to 

information fiom medical records and testimony of the subjects collected Ma questionnaire 

for the year pnor to training. Re-and post-training data were compared for walking capacity, 

muscle strength and endurance, grip strength, psycho-social stress, anxiety and white blood 

ce11 parameters. Results suggested that moderate exercise training may have reduced RTI by 

50% from the year prior. In an earlier study, Karper and Boschen (1993) reporied that a 

program consisting of waiking, three days per week, for 50 to 60 rninutes a session, for nine 

to 1 2 months, rnay increase hoa resistance to infection in subject s (M=4, F= 1 O), aged 60 to 

77 years. Subjects provided a 12 month structured r d  of their incidence of RTI and related 

symptoms, as well as their medication usage. Throughout the study, physicians provided 
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medical records. Every four weeks, symptoms experienced during the study were compared 

to symptoms experienced prior to the study. Ail but two of the subjects increased their 

walking capacity and lowered their incidence of upper and lower respiratory tract infection 

and related symptoms afier 9 to 12 months. 

Nieman et al. ( 1 WOb) randomly assigned mildly obese sedentary women to either a 

walking group (WALK; n= 18; n age~36.0 years) or a calisthenic control group (CAL; n= 1 8; 

ii age=3 2.8 years). The W ALK and CAL subjects pafomed baseline assessrnent s of physical 

fitnss and blood tests for natural killer cell (NKC) number and activity. The WALK group 

walked at 6û?h of their measured V 0 2  max for 45 minutes a session, five times a week. The 

CAL goup wom calisthenic activitia under the direction of the investigators. Al1 activity 

sessions were supervised. There were no significant differences seen at baseline between 

groups. The WALK group experienced significantly fewer R'ï1 syrnptom daydincident (3.6 

0.7) compared to the CAL group (7.0 * 1.4) at the end of the 1 5 week study . Improvement 

in cardiorespiratory fitness was significantly conelated with a reduction in RTI syrnptom 

daydincident (F-0.37) and a change in NKC aaivity fiom baseline to six weeks (r=-0.35), 

but not 15 weeks. 

In a second snidy, Nieman et al. (1993) recruited elderly (67-85 years) women fiom 

the surrounding comrnunity. Subjects were randomly assigned to one of two groups: (1) 

walking group (n= 14) or (2) calisthenic control group (n= 16). Highiy active subjects (HA, 

n=12) were recruited for baseline and follow-up cornparisons with the other two groups and 

were allowed to train as usual without supervision. The nibjects in the WALK and CAL 

groups trained as described earlier (Nieman et al., 1 WOb). For the mmbined sarnple, at 
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baselme, there was a si@cant correlation between VO, maw and both NKC activity ( ~ 0 . 3 3 )  

and lymphocyte proliferative response (F-0.39); there was a significant negative correlation 

between the sum of four skinfolds and NKC activity (~4.37). Also, natural killer ceIl (M(C) 

activity was significantly higher in the HA group compared to the WALK and CAL groups. 

Average VO, max (ml*kg"min'') was significantly greater and the average surn the of four 

skinfolds (biceps, triceps, subscapular and suprailiac) was significantly lower in the HA 

compared to the WALK and CAL groups at baseline. Despite a significant increase in 

wdiovascuIar fitness in the WALK group by 12 weeks, no significant correlation was shown 

baween V 0 2  maw and any of the immune parameters. However, there was a trend showing 

a decrease in NKC fùnction fiom baseline to 5 weeks and 12 weeks in both WALK and CAL 

groups. Eight percent of the HA subjects experienced at Ieast one RTI compared to 2 1% of 

the WALK subjects and 50% of the CAL subjects. 

Nieman et al. (1993) were surprised that the smallest percentage of reported URTI 

was seen in the HA group, which contradicts the I-cuwe hypothesis; these authors suggested 

that the intensity of physical activity in the WALK group may have been too low to enhance 

the immune system and that participation in higher intensity activities may provide even 

greater immune enhancernent in the elderly . Future research is needed to confirm the resuits 

of this study and to determine whether there are changes in the relationship between intensity 

of chrornic physical activity and RTI with age. 

Some studies failed to find a relationship between physical activity and RTI. 

Osterback and Qvamberg (1987) showed that the incidence of RTI was not significantly 

different between children who were active in sponing activities and children who played 
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musical instruments. Unfortunately, information with respect to fiequency, intensity and 

duration of physical activity was not presented for either group; therefore, it is difficult to 

determine if there were actual differences in physical activity participation patterns between 

groups. Also, Osterback, Qvamberg, Lintunen, Rahkila and Silverroinen (1985) did not find 

evidence to support the hypothesis that regular participation in organized sport training 

provided any reduction in the incidence of respiratory tract infection in pre-pubertal children 

(aged 10 years, n=64) who had previous experience in spon training (M=2.5 years, F= 1.8 

years) compared to children (n=29) who had no previous experience in spon training. In 

adults, the total number of minutes of reported sporting activitylweek was only weakly 

negatively correlated (r=-0.18) with RTI symptoms for women, but not for men (Schouten 

et al., 1988). even though the range of physical activity was similar in men and women. 

Finally, Berglund and Hemmingson (1990) reported that the RTI experienced by cross- 

country skiers over one year was not significantly different between members of a national 

tearn and members of a college tearn; the yearly training volumes were not significantly 

different (546 Wyear vs 4 1 3.5 h/year, respectively). 

Panicularly, in the studies by Osterback and Qvamberg (1987), Osterback et al. 

(1985), Schouten et al. (1988) and Berglund and Hemrningson (1990), the intensity of 

physical activity may not have been sufficient to compromise immune function. Also, it is 

possible that suppression of immune h a i o n  rnay have occurred with higher levels of activity; 

but immune suppression does not, by itself, result in RTI. Although neutrophil oxidative 

activity of swirnrners, measured on three occasions over 12 weeks of intense training, was 

significantly lower compared to controls who were limited to less than 4 hours of physical 
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activity per week, the incidence of RTI was not significantly different between groups (Pyne 

et al., 1995). 

2.4.2.3 Training Expenence 

Greater training experience or cornmitment to regular physical activity may reduce the 

risk of aquiring an RTL Ahhough Heath et al. (1 99 1 ), Linde (1 987) and Peters and Bateman 

(1983) used ninners and orienteers in their studies, only Nieman et al. (1989) and Nieman et 

al. (1 990b) reported on differences in training experience with respect to R'f'I. 

Niernan et al. (1989) showed that the more expeienced (4.4 years) runners in the 2 15 

miledweek category had significantly les RTI ~rnpared to the runners (2.4 years) in the r 15 

mileslweek category. However, subjects having the highest odds ratio for acquiring an RTI 

were those who trained 297 kmlweek and who had an average of 7.1 years of ninning 

experience compared to runners training r32  kmlweek and who had 5.6 years of ninning 

experience (Nieman et al., 1990b). These two groups were sigpficantly different with respect 

to years of running experience as well as incidence of URTI. Although details with respect 

to the type of training perfomed were not reported, Nieman et al. (1 993) showed that highly 

active elderly women who engaged in 1.6 hourdday of physical activity and who had regular 

training habits for 1 1.2 years expenenced sigdicantly fewer RTI symptom daydincident than 

sedentary elderly women r e c d y  pl& on a regular walking program of moderate intensity 

for 15 weeks. Any conclusions based on these audies with respect to RTI susceptibility and 

training experience or regular cornmitment to physical activity cannot be made due to the 

limited number of studies reporting on dserences in training status and due to contlicting 

findings. More research is warranted. 
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2.5 OTEER FACTORS INFLUENCING RTI 

There are a number of other factors that may infiuence RTI; age, gender and life-style 

are some. Life-style, however, is broad and may include alcohol consumption, smoking, sleep 

or rest and recovery fiom physical activity and vitamin C consumption. As well, the time of 

year (season), medical conditions like asthma and allergies and psychological stress may also 

influence RTL This section will discuss these factors in relation to RTL 

2.5.1 Age 

It is a well known fact that the elderly suffer greater morbidity and mortality d e r  

common infections, such as RTI. Respiratory infections account for a large proportion of 

elderly death (Ben-Yehuda and Weksler, 1992). In faa, influenza and pneumonia are two 

major causes of death in the elderly (Ben-Yehuda and Weksler, 1992). It is believed that 

changes in immune function with age are responsible for the higher incidence of morbidity and 

monality in the elderly. Many of these changes are a result of atrophy of the thymus gland, 

alterations in immune function and redistribution of T-lymphocytes and B-cells (Ben-Yehuda 

and Weksler, 1992); these changes not only create an immune deficit, but also increase the 

production of auto-antibodies and monoclonal Unmunoglobulins. It is not certain whether the 

increased risk of infection attributed to disturbed irnrnunity or age-associated changes in the 

structure and fùnction of tissues and organs is the cause of increased morbidity in the elderly 

(Ben-Yehuda and Weksler, 1992). 

Few studies have directly examined irduences of age on the relationship between RTI 

and physical activity. Moa of the iiterature on the relationship between physical activity and 

RTI was derived from midies using young to middle-aged adult populations (Budger and 
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Fuiler, 1989; Douglas and Hanson, 1978; Machon,  et al., 1991 Nieman et al., 1989; 1990b; 

Peters and Bateman, 1983; Schouten et al., 1988). Fewer studies have used elderly subjects 

(Karper and Boschen, 1993; Nieman et al., 1993) and children (Osterback and Qvamberg, 

1987; Osterback et al., 1985). Few studies have reponed on age differences with respect to 

RTL This rnay be due to the fàct that the age range of the subjects used in these studies was 

not extensive enough to warrant an analysis based on age. For example, the mean age of the 

subjects used in Nieman et al. (1 WOb) was 36.9 * 0.1 years. Similarly, the age range of 

subjects used in Peters and Bateman (1 983) was 18 to 65, but only one subject was 65 years 

old and two were under the age of 20. However, an early study by Bnmblecombe. 

Cruickshank, Masters and Reid (1958) showed that school children under six years were more 

likely get sick with an RTI and in tum infect other family members compared to older 

children. More research using a large sample with a wide range in age is necessary to study 

the impact of age on the relationship between physical activity and RTI. 

2.5.2 Gender 

Few studies have directly examined the effects of gender on an RTI and physical 

activity (Brirnblecombe and Stewart, 1958; Osterback and Qvarnberg, 1 987; Osterback et al., 

1985; Schouten et al., 1988). Most studies failed to report gender differences (Linde, 1987; 

Mackinnon et ai., 1991; Peters and Bateman, 1983; Pyne et ai., 1999, or were biassed 

toward one gender (Budget and Fuller, 1989; Lee et ai., 1992; Nieman et al., L989), or 

studied only males (Nieman et al., 1993; Nieman et ai., 1 WOb) or only females (Nieman et 

al., 1990a; Nieman et al., 1993). 

Among studies that examined gnider Merences, Schouten et al. (1988) showed that 
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a weak but si@cant negative correlation (-0.18) existed between RTI and the level of sport 

involvement in women, but not in men. Osterback and Qvmberg ( 1987) reported that girls 

(3 .O * 2.1 episodes@emn) had significantly more colds than boys (2.3 * 2.0 episodes/person) 

over one year. However, this included both active and sedentary subjects. An examination 

of children active in sports, showed that girls (3.3 * 2.2 episodedperson) had more RTIs 

(including bacterial infections) than boys (2.5 * 2.1 episodedperson), but the differences were 

not signrficant. In contrast, an eariier report by Osterback and Qvarnberg ( 1983) showed t hat 

girls had a lower incidence of infection than boys. An examination of the incidence and 

duration of Rïï in 66 f d e s  showed that women were more susceptible to illness than men 

(Brimblecombe et ai., 1958). Gwaltney, Hendley, Simon and Jordan (1 966) also showed that 

respiratory illness rates were slightly higher for females than for males in industnal 

populations. Since women spend more time at home taking care of children than men and 

since children bring home more infkctious diseases to their homes that either of their parents, 

women may be exposed to more Mral agents and thereby suffer more infections 

(Brimblecombe et al., 1958). 

Males did not differ significantly fiom females with respect to training variables, so 

Nieman et al. (1989; 1990b) chose not to perfom separate gender analyses. Differing 

thresholds for reporting between men and women may contribute to gender differences in 

morbidity. However, this does not appear to be likely, since in a double blind clinical study 

(Macintyre, 1993), males in cornparison to females sigdcantly over rated their RTI 

symptoms. 

To date only a lirnited number of studies have reported on gender differences. The 
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discrepancy in the noted literature and the fact that gender differences may be a sociological 

or possibly a reporthg phenornenon, rnakes it uncertain as to whether or not females are more 

susceptible to RTI than males. More research is necessary which directly examines this issue. 

2.53 Life-Style 

2.5.3.1 Alcohol Consumption 

According to Watson, Borgs, White, McCuskey, Lantz, Johnson, Mufti and Eamest 

( 1994), who reviewed recent research on alcohol, immunomodulation and disease in animal 

and human models, alcohol use in vivo causes abnormalities in fiinction andor structure of 

several irnrnunological constituents involved in humoral and cellular immunity which include 

lymphocytes, Kupffer cells and other macrophages, as well as the endomethium of blood 

vessels and lyrnphatics. The negative effect of alcohol on immune function was associated 

with a number il1 health effects including increased cancer growth and loss of disease 

resistance. Engs and Aldo-Benson (1995) examined the association between alcohol 

consumption and self-report illness in university students (M=484, F=63 1 ), aged 19.6 years. 

Subjects who drank between 22 to 27 drinks per week experienced more RTI and related 

symptoms compared to subjects drinking < 7 drinks per week. However, Cohen, Tyrrell, 

Russe!, Jarvis and Smith (1 993) showed that subjects who consumed between three to four 

drinks of alcohol per day experienced a decreased risk for developing colds (verified by 

isolation of virus or by an increase in virus-specific antibody titre) in response to the 

introduction of a hown respiratory virus. The benefits of drinking alcohol were only found 

among those who did not srnoke. It is possible that a dose-response relationship associated 

with the consumption of alcohol and nsk of RTI may exist. Future research is needed to 
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2.5.3.2 Smoking 

Cohen et al. (1993) examined the relationship between smoking and the incidence of 

clinical colds in 154 men and 263 wornen, aged 18 to 54 years, who received a nasal spray 

containing known respiratory viruses. At the beginning of the study, subjeas wmpleted a 

baseline medical examination and a questionnaire designed to determine smoking status. 

Twenty-six additional subjects were randomly assigned to receive saline and served as 

controls. Subjects were quarantined for two days prior to and seven days after the viral 

challenge. The results showed that smokers compared to nonsmokers had a significantly 

greater odds ratio (2.1: 1)  for acquiring a clinical illness after adjusting for alcohoi 

consumption. Smokers experienced significantly more illness episodes and symptoms 

compared to nonsmokers. The authors suggested that the increased probability of infection 

arnong smokers could be attributed to the deleterious effects of smoke on nonspecific 

mucosai processes that provide frontline barriers against infeaion. 

Because smoking was thought to have a si@cant effect on the health of individuals, 

Engs and Aldo-Benson (1995) performed a 2 (smoking) x 6 (drinking levels) analysis of 

covariance to determine the effect of smoking on RTI illness scores. The results indicated 

that there was no significant interaction between smoking and aicohol consumption for RTI 

illness score. 

2.5.3.3 SleepIRest and Recovery from Physical Activity 

Rest and recovery are essential in preventing ovemainhg (Fry, Monon and Keast, 

1992). Sufferers of overtraining syndrome show a drop in athletic performance and cannot 
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One sign of overtraining is more fiequent RTI (hdackimon and Hooper, 1991). 

Anecdotal evidence provided by athletes and coaches suggests that colds, sore throats and 

flu-like symptoms of illness are associated with overtraining (Fitzgerald, L., 199 1 ). One cause 

of ovenraining is inadequate recovery and/or sleep between training sessions (Fry et al., 

1992). Irwin, Smith and Gillin (1 992) found significant correlations for total sleep time, sleep 

eficiency and duration of nonREM sleep with natural killer ce11 Rn<C) activity. Hence, 

negative immune function may be associated with overtraining or a lack of sleep. 

Due to the lack of information available on rest and recovery and RTI, no firm 

conclusions can be made at this tirne. Future research should investigate this relationship 

fûnher. However, common sense advocates that individuals engaging in high levels of 

physical activity should allow adequate recovery time as well as sleep between bouts of 

exerci se. 

2.5.3.4 Vitarnin C 

VitaMn C (ascorbic acid) wpplementation rnay be important when considering RTI 

susceptibility and severity. Ascorbic acid has potential to protect againa the common cold 

when consumed in large quantities (Pauling, 1970). Taken at the initial onset of a cold, the . 
seventy and duration of the illness may also be lessened (Pauling, 1970). 

Evidence supporthg Pauling's staternent was provided by Anderson, Reid and Beaton 

(1972) who randomly asYgned 1 1 8 male and female subject s, aged 28.8 years, into either an 

experhental group, which received 1 g of vitamin C daily, or a control group, which received 

a placebo daily, for a minimum of two months. The results showed that the average number 
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of illness episodes and days of sickness experienced per subject in the experimental group 

were les than for the subjects in the control group, but not significantly less. However, the 

number of subjects who remained symptom-fiee throughout the study was sig~ficantly 

greater in the experimental group (26%) compared to the control group ( 18%). Additionally, 

subjects receiving vitamin C experienced approximately 30% fewer total days of disability 

(confined to the house or days off work) than those receiving the placebo. 

Further evidence was provided by Baird, Hughs. Wilson. Davies and Howard (1 979) 

who randomly assigneci 362 male and female subjects, aged 17 to 25 years, into one of three 

colour coded groups. The yellow group received daily a synthetic orange drink which 

contained no ascorbic acid. The blue group received daily synthetic orange juice which 

contained 80 mg of ascorbic acid. The red group received daily natural orange juice which 

contained 80 mg of ascorbic acid. The volume of each drink was approximately 180 ml. 

Subjects were required to indicate on record cards the hquency with which they expenenced 

comrnon coid symptoms (mnny nose, sneezing, headache. sore throat, stuffed nose, sneezing, 

headache, fever and confinement to bed) and the number of days absent fiom their studies as 

a result of illness. When combined, subjects in the ascorbic acid supplemented group 

experienced a 14% to 2 1% reduction in the total symptoms recorded compared to the 

synthetic orange juice group. The number of subjects who remained symptom-fiee was 

significantly greater in the ascorbic acid supplemented combined group compared to the 

synthetic group. 

Finally, Peters a al. (1993) studied ultramarathon ninners and control subjects. 

Runners received either 600 mg of vitamin C (n=43) or a placebo (n=4 1). and nomnners 
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(n=34) also received either 600 mg of vitarnin C or a placebo (n=39). Double blind protocol 

was followed. Three weeks pnor to the ultramarathon ( ~ 4 3  km), both the runners and 

n o m e r s  took either one vitamin C tablet daily or the placebo. Two weeks after the race, 

m e r s  and nonrunners were questioned with respect to frequency and duration of RTI, race 

performance and cornpliance with taking the vitamin or placebos. Cornpliance with taking 

daily vitamin C supplements was 95% in these subjects. Prior to the race, no signifiant 

differences in fkquency or duration of RTI symptoms were found between groups. However, 

after the race, a significantly smaller percentage of mnners (33%) who consumed vitamin C 

reponed RTI symptoms compared to those in the mnning placebo group (68%). However, 

the percentages of subjects reporting RTI symptoms for controls consuming vitamin C and 

controls receiving a placebo were not shown. The duration of symptorns was significantly 

shoner in the vitamin C control group (4.2 days) compared to the placebo control group (5.6 

days). The total number of syrnptom days for the subjects taking vitamin C (144 days) was 

significantly less than the subjects taking the placebo (248 days), despite the fact that there 

were more subjeas receiving vitamin C compared to subjects receiving placebo. 

Scientists do not klly understand the role that vitarnin C plays in preventing illness 

or in lessening the severity of illness. However, certain areas of the body may be more 

susceptible to infection (Gleeson, Robertson and Maughan, 1987). The results of Gleeson 

et al. (1987) showed that hi@ levels of physical activity cm redistribute vitarnin C in the 

plasma. Redistribution of vitarnin C away fiorn mucosal membranes of the nasal and oral 

pharynx may make these areas susceptible to infection. Similarly, athletes engaging in high 

volumes of physical activity rnay have higher concentrations ofoxygen free radicals which can 
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alter leucocyte chernotaxis (cited in Peters et al., 1993). Hence, highly active people may 

need to increase their intake of vitamin C to benefit from the anti-oxidant properties of 

vitamin C (Peters et al., 1993; Schwartz and Weiss, 1990). 

2.5.4 Influence of  Scason 

Seasonal variation of self-report RTI has been observed over 6 months (Ocomor, 

Jones, Collins, Heath, Campbell and Leighton, 1979) to one year (Linde, 1987; Heath et al., 

199 1; Osterback and Qvarnberg, 1987). If one were to examine the fiequency of reported 

RTI in runners compared to controls, there was less variation in runners (Linde, 1987). 

However, in both onenteers and controls, RTI was rnost fiequently reported in January 

(Linde, 1987). The lowea frequency of RTI was reported in the months of lune, July and 

August. In Heath et al. (1 991), RTI was most freguently reponed in December (n=85), 

January (n=97) and Febniary (n=108) compared to July (n=15) and August (n=22). 

Significantly more subjects with naturally acquired RTI occurred between November 2 to 

December 24 in a study which began in October and ended in March (Oconnor et al., 1979). 

FMly, Oanback and Qvarnberg (1987) showed that the highest occurrences of RTI in their 

subjects occuned in the winter (January to Apnl) and fall months (Septernber to December) 

compared to the sumrner months (May to August ). 

Accounting for some of the seasonal differences may be the 

dKerent cold viruses are found in the population throughout the year. 

frequency with which 

Rhinovirus infections 

occur year round, but with weU d&ed peiiods of prevalence in the fa11 and spring (Weidner, 

1994). Coronavims, another cornmon group of viruses responsible for colds in adults, is 

more prevalmt in the f a  winter and early spnng (Weidner, 1994). Additionally, during the 
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winter months people are more likely to be indoors huddled together in classrooms, 

businesses and homes. The transmission of viruses may occur more in the winter and fdl 

months due to crowding indoors. Future researchers should control for seasonal effects in 

longitudinal studies lasting more than one season. 

2.5.5 Asthma and Allergies 

As many as 2% to 3W of the population in the dweloped countnes may suffer fiom 

some son of allergy (Betgmann, 1991). Among children under the age of 16 who have 

asthma, 90% aiso have allergies, and among people under 30 years who have asthrna, 70% 

have allergies (US Dept HHS PUBL Natl Inst Health, 199 1). Asthma can be caused by 

bronchitis, physical activity and RTI; however, the most common cause of asthma is allergy 

(US Dept HHS PUBL Natl Inst Health, 199 1 ). 

AUergic and asthmatic reactions can be easily mistaken for RTI syrnptoms in studies 

using self-report data. Minor et al. (1974) repotted correlations between cold symptoms and 

both asthmatic attacks and virus isolates in children. Asthmatics who acquire RTI often 

develop severe bronchitis (US Dept HHS PUBL Natl Inst Health, 199 1 ). The tme measure 

of the outcome (RTI episodes) is impossible to ascertain without a clinical examination and 

a laboratory analysis (Weidner, 1994). When medical diagnosis is unavailable, one way to tell 

whether or not symptoms denve tiom asthma is ifthey terminate quickly (Heath, Macera and 

Nieman, 1992). Additionally, allergies such as hay fever, are ofien prevalent during the spring 

and s u m e r  months. 

However, dlergic and asthrnatic individuais may have exercise-induced respiratory 

conditions (Bergmann, 199 1 ). A typical asthrnatic attack after exercise lasts approximately 
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5-10 minutes, but the late obstructive response can occur following recovery from the early 

response and starts 4- 12 hours &er exercise, demeases in severity by 1 2 hours and disappears 

by 24 hours (Bergman, 199 1 ). Asthrna attacks are more fiequently expenenced in dry or cold 

air (Bergmann, 1 99 1 ). Additionally, exercise-induced anaphylaxis occurs main1 y in children 

compared to adults (Bergman, 199 1). Hence, there are ways of distinguishing allergic and 

asthrnatic syrnptoms from RTI symptorns by considering symptom duration, history of asthma 

or allergies and age of the subjects. 

Studies may want to consider critena which screens out subjects with asthrnatic or 

aiiergic conditions. Aiternatively, subjects may be interviewed to either confimi the presence 

of an RTI or determine that their ongin is allergic or asthrnatic (Nieman et al., 1993). Hence, 

allergic or asthmatic individuals could be used as subjects. Without validation of specific 

cnteria for the measurement of RTI, results fiom such studies must be interpreted cautiously 

(Weidner, 1 994). 

2.5.6 Psychological Stress 

Psychological stress evokes a physiological response, not unlike that of high intensity 

physical activity. Khansari, Murgo and Faith (1990) and Tecoma and Leighton (1985) have 

comrnented on the relationship among stressors, the endocrine system and immune fùnction . 
The direct influence of stress on the immune system may occur via hypothalamic pituitary 

peptides and the sympathetic branch of the autonomie nervous system. Stress rnay also 

influence the immune system through bidirectional communications between the CNS, the 

endocrine system and the immune system. Thus, the influence of stressors on the immune 

response can be viewed as feedback regdatory loops between the CNS, the endocrine systern 
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and the immune syaem (?Chansari et ai., 1990). 

Graham et al. (1986), Cohen et al. (1991) and Stone, Bovbjerg. Nede and Napoli 

(1995) hypothesized that host resistance may be reduced by psychological stress. Graham 

et al. (1986) examined stress caused fiom life change events in a group of subjects (n=233) 

from 94 families. Stress was collected via The Life Event Inventory Scale, Daily Hassles 

Scale and The General Health Questionnaire. The Life Event Inventory Scale measured : 

1)  the amount of distress that the marked life events caused and 2) quantification of the 

amount of life change or readjustment necessitated by the events. The high stress group 

experienced sigruficantly more episodes of RTI than the low stress group (2.7 vs 1.6 episodes 

per person over six months). Additionally, the mean number of symptom days was 

significantly greater in the high stress group compared to the low stress group (28 vs 17 

days). 

Cohen et al. (1 99 1 ) also studied three different stress scales to determine the amount 

of stress experienced by subjects and the ability to cope with the stress. The Life Events 

Scale, the 1 O-item perceived Stress Scale and the Negative M e c t  Scale were given to 4 1 0 

men and women, aged 18-54. M e r  administration of stress tests, subjects were randomly 

given nasal sprays containing one of five cold Mmes in an amount cornmonly observed in 

person-to-penon transmission that would result in 20%-60% illness rates. A dose-response 

relationship between both respùatory infection and clinical colds was shown to exist with the 

level of psychological stress. The approximate range of infeaion rates were between 74% 

to 90%, and the incidence of clinical colds, between 27% to 47%. 

Stone et al. (1992) examined the role that recent life events, current mood and 
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perceived stress played in development of RTI in 17 undergraduate students exposed to 

rhinovirus. M e r  5 consecutive days of symptom monitoring and mucus weighng, 12 

subjects developed clinical colds, as indicated by self-report and confïrmed by objective 

syrnptom indices. On average, the number of reponed major life events for the previous year 

was significantly higher for those who developed colds. Sirnilarly, May, Veach Reed and 

Griffey (1985) showed that three psychological measures (Social and Athletic Readjustment 

Rating Scale, Life Events Scaie for Adolescents and the General Well-Being Scale) of athletes 

on the US alpine ski team were significantly correlated with subsequent health problems, 

injuries and performance levels. 

Cohen et al. (1991), Graham et al. (19861, Stone et ai. (1 992) and May et ai. (1 985) 

provide clical evidence which supports the fact that Ness and other psychological measures 

can negatively affect health and should be considered when examining the relationship 

between physical activity and RTL 

2.6 REVIEW SUMMARY 

The relationship between physical activity and RTI is complex when the different 

dimensions of physical activity and RTI are considered. Although some discrepancy exists, 

the bulk of the literature supporis the fact that participation in acute high intensity aerobic 

activity performed for long durations such as marathons and ultramarathons may increase 

susceptibiiity to RTI. There is ameritly no information comparing the effects, if any, of acute 

moderate and light intensity aerobic activities on RTI susceptibility; more research is 

necessary to d e t h n e  if participation in acute light or rnoderate intensity aerobic activities 

and affect susceptibility to RTI. 
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Participation in chronic moderate aerobic activities appears to reduce RTI 

susceptibility, and possibly duration in cornparison to a sedentary life-style. However, older 

individuals, having a reduced immune response, rnay not benefit as much from moderate 

physical activity as their younger counterparts; rather, higher intensity activities may be 

necessary to boost immune function in the eldedy to protect against RTI infection. 

The role that physical activity plays in RTI susceptibility and RTI duration in children 

is less clear. Although scientists acknowledge the fact that age is an important factor when 

considenng RTI susceptibility, the relationship between age, immune function and RTI 

susceptibility is still largely unknown. Hence, more research is necessary before concrete 

conclusions can be made with respect to age and RTI susceptibility and duration. 

The effect of gender on RTI susceptibility is uncertain, since the nurnber of studies 

reporting on gender differences are few. Although there is some evidence indicating that 

f e d e s  may be more susceptible to RTI than males, diiences in gender are not strong. The 

limited number of females used in rnixed gender studies and differences in exposure to 

children may account for some of the reponed differences in RTI susceptibiiity between 

genders. 

Maintainhg a heahhy life-style may be as important as avoiding participation in high 

ievels of physical activity to minimize the risk of RTI. Receiving adequate sleep, allowing 

adequate time for recovery between bouts of physical activity, not wnsuming excessive 

amounts of alcohol or smoking cigarettes, and consuming vitamin C are factors that can affect 

R ï l  susceptibility, duration or severity. 

The frequency of certain RTI viruses in the population and crowding of people 
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indoors at various times of the year may account for seasonal variations in RTL 

Psychological stress rnay d e  one more susceptible to RTI, as well as increase the duration 

of the illness. Additionally. studies using cntena to define the occurrence and duration of an 

RTI may confuse asthma or allergy symptoms with those of RTL 

A mixed gender study - one which monitors life-style and perceived psychological 

stress - is necessary to determine the relationship, between participation in habitua1 physical 

activity and RTL The present study will examine the relationship between physical activity 

participation and respiratory tract infection (RTI) in young adult male and fernale students. 

Specifically. the incidence, duration and severity of the RTI, as well as frequency, duration 

and intensity of physical activity will be compared between subjens classified according to 

differences in physical activity participation andfor number of RTI symptoms after controlling 

for We-style variables such as alcohol consumption, smoking and sleep, as well as perceived 

psychological stress. 



CEiAPTER 3,O 

METHODOLOGY AND PROCEDURES 

3.1 SUBJECTS 

Seventy-nine female and 61 male French (28%)- and English (72%)-speaking 

audents, aged 19.4 1 .O (range= 17 to 24 yr), enrolled in the Fall and Winter sections of a 

first-year university physical education exercise class, volunteered as subjects to participate 

in this study. Five percent of their final grade could be earned by participating in the study. 

AI1 subjects completed a consent fonn approved by the Child and Development Studies 

Ethical Review Cornmittee at Laurentian University (Appendix A). 

Of the original 140 subjects, eight (Fall sarnple=4, Winter sarnple=4) were removed 

who experienced symptoms on 70 or more days of the snidy. Additionally, nine subjects (Fall 

sample=2 Winter sarnple=7) were deleted fiom the study because they suffered from illness 

episodes other than colds or flus (ie., strep throat, mononucleosis and bacteriai pneumonia). 

In the Winter sample, one subject who underwent a medical operation and another who 

suffered fkom environmental allergies were also deleted fiom the study. Two subjects were 

removed for non-cornpliance (Winter sample). Thus, one hundred and twenty-one ( y 1  2 1 ) 

subjects remained for statistical analysis. 

3,2 STUDY DESIGN 

Al1 subjects completed a fitness test during the first week (baseline) and last week 

(foliow-up) of the siudy. Subjects also completed a healtMifestyle questionnaire at baseline. 

A shoner version of the basehe questionnaire was completed at follow-up. There were two 



49 

observation penods, one in the Fa11 (September to November, 1995) and the second in the 

Winter (Januaiy to March 1996) when subjects completed a daily physical activityhealth 

diary for 77 days each. 

3.3 DATA COLLECTION 

Fitness testing and completion of the questionnaires ocairred during class time. Some 

subjects did not complete the questionnaires in the allotted class time. These subjects were 

instructed to complete the questionnaires at home in isolation and to hand them in the 

following day. Subjects were required to record their physical activity performed and their 

health status daily in a diary. Diaries were collected weekly. 

3.3.1 Baseline and Follow-up Health/Lifestyle Questionnaires 

Subjects received a baseline (Appendix B) and a follow-up (Appendix C) 

healthnifestyle questionnaire with both written and verbal instnictions in their mother tongue 

as to how to complete the questionnaires. Reverse translation was performed by two 

bilingud individuals to ensure that both English and French versions of the questionnaires 

were identical. One person wrote the questionnaires in French and the other translated them 

back into English. A bilingual professor compared the French and English versions and 

corrected any discrepancies. 

The first section of the baseline questionnaire sought information about the frequency 

and duration of participating in physical activity and the typical number of hours worked 

during the eight week period pnor to the study. Monnation on health habits, such as 

sleeping (including naps), alcohol consumption, smoking and diet was collected. Subjects 

were asked to indicate the number and duration of colds and flus expenenced, any injuries or 
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illness requiring hospitalization or treatment, the number of people living within the same 

household and the total number of colds and flus expenenced by these people. 

In the second section, subjects were asked to provide information on their 

participation in competitive or recreational sports for the 12 month penod prior to the study 

and to indicate when colds and flus typically 0ccurre-d during the training year (ie., pre-season, 

competitive season, pst-season, postampetition). Subjects were asked whether or not they 

had ever ken  diagnosed as having an allergy and to estimate the amount of school or work 

missed as a result of a cold or flu. 

In the third section, subjects indicated their gender, age, the number of years in 

university, address at university, the number of roommates and exposure to second-hand 

smoke. Questions pettaining to information that was collected prospectively in the daily 

daines were ornitted in the follow-up questionnaire (Appendix C). 

3.3.2 Fitness and Anthropometrie Testing 

Subjects undenvent fitness and anthropometnc tests in a gymnasium. Subjeas 

performed the Rockpon Fitness Walking Test (RFWT). The RIWï was used to predict VO, 

max from the time required to walk one mile and the post-exercise heart rate (Dolgener, 

Hensley, Marsh and Fjelstul, 1994; Drowatzky and Andrews, 1996). The equation used to . 
predict VO, rnax was: 

132.85 - [0.007 x body weight (Ib)] - [0.39 x age (y)] 

+ [6 -3 2 x gender (Ocfernale; 1 =male)] - [3.26 x elapsed time (min)] 

- [O. 16 x recovery KR (beats/rnin)] . 

Prior to testing, subjects were show how to masure their hem rate by palpation (CSTF, 
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1986) and were instructed in the RFWT protocol (Appendix D). Subjects were tested in 

groups of up to 12 persons, with one group being tested at a time. Subjects not being tested 

were instructed to wait quietly. Two assistant researchers were used to record the number 

of completed laps walked and a third, to time the subjects using a digital stop watch. 

Numbers were placed on the subjects' chests for easier identification. Subjects were 

instnicted to walk (but not run) one mile as fast as possible around a circular course marked 

out in the gyrnnasium (17 laps = 1 mile). Within 15 seconds after completing the WWT, 

subjects took their own pulse rate for a phod of 10 seconds. This number was recorded and 

later converted to beatdmin. Anthropometnc data, which included standing height (cm), 

body weight (kg) and skinfold thicknesses (mm), measured at the biceps, triceps, iliac crest, 

subscapuiar and media1 calf sites, were collected on a separate day by a team of researchers 

using standardized procedures (CSTF, 1986). 

3.3.3 Physical ActivityMealth Diary 

Subjects completed a daily physical activityhealth d i q  (Appendix E). The daily 

physical activityhealth diary was designed to rninimize the time and effon required of the 

subjects. Verbal and written instructions in each subject's mother tongue as to how to 

properly complete the diary were provided. The phone numbers of two researchen were 

provided in the event that subjects had any questions. Subjects were instructed to hand in 

their diary pages at the beginning of each week. 

The daily diary included a list of typical physical activities, as well as space to write 

in additional activities. For each activity that they participated in, subjects were required to 

indicate the duration (minutes) spent in high, moderate and light exertion. High intensity 
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activity (or exertion) was defined as that eliciting heavy breathing, heavy perspiration and a 

heart rate of 150 beatshin or greater. Moderate intensity activity was defined as exertion 

eliciting some perspiration and above normal breathing and light intensity, as exertion eliciting 

only slight changes from normal resting state. The definitions of light, moderate and high 

intensity activity were denved fiom the Canadian Standardized Test of Fitness Manual 

(1986). Ushg the daily diary, subjects were required to check off any cold and flu symptoms 

they expenenced. Cold symptoms included coughing/sneezing, mmy nose, sore throat, 

fatigue, congested sinuses and congested lungs, while flu symptoms included nausealvomiting, 

aching muscles and joints, headache, fever, diarrhea and swollen glands. 

Each day, subjects were asked to rate their health on a scale of 1 to 5 (l=not sick, 

2=feeling slightly off, 3=some symptoms of illness, normal routine is slightly upset, )=definite 

change in normal routine, severe or several symptoms expenenced and S=very sick, severe 

symptoms experienced, time off school/work. extra rest needed, taking 

medication/prescrîption dmgs). Subject s recniited fiom the Wmter session were al so requi red 

to rate the seventy of each symptom experienced using a scale of O to 3 (O=no symptom 

expenenced, l=rnild, 2=moderate and 3=severe). Subjects from both semesters were 

instructed to rate daily their level of stress using a scale of 1 to 5 (]=no stress, 2=slightly 

stressed, 3-aiderately stressed, 4=highly stressed and 5=excessively stressed). 

Subjects were also asked to record daily (1) total duration (hours) of sleep received 

(including naps), (2) the total number of alcoholic beverages consumed (one 6 oz glass of 

wine = one 355 ml bottle of beer = one oz of spirits), (3) the total number of cigarettes 

smoked, (4) the total duration (minutes) of any missed classes, (5) visits to the doctor/health 
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care professionai, (6) the consumption of vitamidmineral supplernents, and (7) the use of 

over-the-counterlprescription drugs. Finally, subjects were asked to indicate whether or not 

they had "partied" or fiequented a barlnight club. 

3.4 DEPENDENT VARIABLES 

The daily diaries for each subject were inspected to define the onset and termination 

of illness episodes. Some dependent variables were measured while others were calculated 

using measured variables. 

3.4.1 ïllness Identification and Confirmation 

The criterion for an RTI episode was the occurrence of any cold or flu symptom 

occ-g on two consecutive days as identified in the diaries. A telephone interviewed was 

conducted to confimi the occurrence of an illness episode. Subjects were asked: In your 

opinion, are the symptoms that you recorded in your diary typid of a cold or a flu? 2) Could 

these symptoms be a result of an allergic reaction? 3) Could these symptoms be due to 

asthma, bronchitis or other respiratory obstructive condition? 4) Did you produce yellow or 

green coloured mucus nom your lungs or nose? 5 )  Did you see a doctor or other health care 

professional conceming these symptoms? 6) If so, what was the diagnosis? 7) In your 

opinion, do you think that you have a cold or a flu? In the event that subjects were 

unavailable for an interview, the cnterion alone was used to identiq the onset of an RTI 

episode. ûf the 183 Rn episodes identified, seven were not confirmed through an interview. 

A new ilîness episode was considered to have occurred when the subjea expenenced 

at least three consecutive days without symptoms. The termination of an RTI episode was 

confirmed through a telephone interview with the subject. There were 9 illness episodes 
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which did not meet the criterion of three consecutive nonsymptomatic days due to the 

termination of the observation penod. Hence, the duration of these episodes may have been 

underestimated. 

Clinical analyses were not perfonned to determine the etiology of the illnesses and 

oflen illness episodes included both cold and Bu symptoms simultaneously. Therefore, illness 

episodes were classified as RTI and not as a cold or a flu. 

3.4.2 RTI Episodes 

The number of respiratory tract illness episodes were sumrned for each subject for the 

77 day observation penod. Incidence of RTI included subjects who expenenced at least one 

RTI episode in the observation penod, expressed as a percentage of the total number of 

subjects. 

3.4.3 RTI Duration 

For each subject, the duration of individual episode(s) was surnrned to give total 

duration of illness. This was equivalent to the sum of al1 symptomatic and nonsymptomatic 

days of illness. A symptornatic day of illness is a day when any RTI symptom was presem 

during the defined illness episode. A nonsymptomatic day of illness is a day when no RTI 

symptom was present during the defined illness episode. 

3.4.4 RTI Severity 

Total sum of symptorns was the sum of al1 syrnptoms on both symptomatic days and 

manifestation days. A manifestation day was a day when RTI syrnptoms were expenenced 

outside of the defined illness episode. Total sum of symptoms in illness was the surn of al1 

symptoms on symptomatic days of iiiness. The average number of symptoms per RTI episode 
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was calculated by dividing the total sum of syrnptoms in illness by the total number of RTI 

episodes. 

Total daily ratings of health was the sum of aii health ratings on each day of the study. 

The average daily rating of health was this total divided by 77. Total daily rating of health 

in illness was the surn of ail ratings on symptomatic and nonsymptomatic days of illness. 

Average daily rating of health in illness was calculated by dividing the total daily ratings of 

health in illness by total duration of illness. 

Of the possible dependent variables that were either measured or calculated, total 

number of respiratory track illness episodes, average duration of a respiratory track illness 

episode, average number of syrnptoms per episode, total sum of symptoms, average daily 

rating of health and average daily rating of health in illness are presented in this thesis. 

3.5 INDEPENDENT VARIABLES 

The daily diaries indicated the number of minutes that the subjects perfonned physical 

act ivities that were perceived as high, moderate or light intensity . OnIy physical activity 

durations lasting a minimum of 10 minutes at any htensity were used to calculate independent 

variables. 

3.5.1 Frequtncy of Physical Activity 

Any day when a subject spent a minimum of 10 minutes in physical activity at any 

intensity was counted as a day ofphysicai acbvity. These days were surnrned for each subject 

to calculate total number of days of physical activity. A weekly frequency of physical activity 

was calculated. 



3.5.2 Intensity of Physical Activity 

High intensity activity was dehed as heavy breathing, heavy perspiration and a heart 

rate of 150 bpm or pa ter .  Moderaîe intensity activity was defined as some perspiration and 

faster than normal breathing. Light intensity activity was defined as a slight change from 

normal resting state. Other than providing indication of heart rate elevation to define high 

intensity activity, these definitions were based on those used by the Canadian Standardized 

Test of Fitness (1 986). 

3.5.3 Du ration of Pbysical Activity 

The duration of time spent in hi@, moderate and light intensity activities was surnrned 

separately for each subject for each day of the study and the 77 day total was calculated for 

each hensity. Total duration of ad physical activities (total PA) was the sum of the totals for 

high, moderate and light physical aaivity intensities. An average duration of physical activity 

per pay of physical activity was aiso caiculated by dividing total PA by the total number of 

days of physical activity. 

3.5.4 Percentage of Total PA Time in High, Moderate and Light Intensity Activities 

The quaiity of effort rather than the quantity of time spent in physicd activity may be 

important in explainhg differences in illness between groups which may have similar total 

physical activity durations. Additionally, different physical activity totals may have similar 

percetlfages of light, moderate and high intensities. The percentage of total PA spent in high 

intensity activity was dnilated by dividing total duration of high intensity physical activities 

by the total PA. The percentages of total PA time spent in moderate and light intensity 

activities were caiculated in the same manner. 



3.6 COVARlATES 

For each abject, the 77 day totals were detennined for number of alcoholic beverages 

consumeci, number,of cigarettes smoked, and number of hours of sleep received. As well, a 

total stress score was calculated by sumrning the daily ratings of perceived stress for each day 

of the 77 day obsewation pend Of these four covariates, only those that were significantly 

correlated with the dependent measures were used in analyses; thus, total daily ratings of 

stress was used in analyses of covariance. 

3.7 STATlSTICAL ANALYSIS 

SPSS for Wmdows 95 was used to perfom the statistical analyses. Fall and Winter 

sarnples were combined for statistical analyses. A statistical comparison of the means for Fa11 

and Winter sarnples for measures of physical activity and RTI can be seen in Appendix F. 

Subjeas were classified according to different cntena: 1) total duration of dl physical 

activities, 2) average weekly fiequency of participation in physical activity and 3) total sum 

of symptoms. 

3.7.1 Cornparison of Subjects Differing on Total Physical Activity 

Persons who engage in at least 20 minutes of vigorous physical activity, three times 

per week, cm be considered aerobically active (Stephens et al., 1994). The fiequency and 

dunition provided by Stephens et ai. (1 994) were used to calculate a minimum total physical 

activity criteria, which incorporatecl both aerobic and anaerobic activities. Al1 subjects in the 

current study met the 660 minute minimum (ie., 20 min 3 daydwk 11 week) for being 

physically active. 

Investigation of the data reveded that subjects varied considerably with respect to 
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total tirne spent in physical activity summed over 77 days. Initially, three activity groups were 

formed by classifjmg subjects as: 1) low active (676 min s total PA s 3000 min; n=38), 2) 

moderate active (3001 minr total PA s 4785 mui; 1142) and 3) high active (4786 min s total 

PA 5 1 1034 min; n=4 1). 

Initially. ANOVA were used to determine whether or not there were dieerences 

(pCO.05) among these three activity groups for mean scores for number of RTI episodes, 

duration per RTI episode, number of symptoms per RTI episode, total sum of symptoms, 

daily rating of health and daily rating of health in illness. When a significant F ratio was 

obtained (p<0.05), post-hoc analysis was performed to determine which of the three means 

were si@cantly different. Mean scores for these six measures of RTI illness, duration and 

severity did not dEer significantly between the moderate and high active groups. However, 

subjects in both the moderate and high active groups expenenced significantly more total 

symptoms compared to the low active group. The average daily rating of health was 

significantly greater in the high active group compared to the low active group. Hence, the 

moderate and high active groups were combined to form a high active group (n=83). The 

mean scores for RTI illness, duration and severity were compared between the low active and 

high active groups. The percemages of FaIl (n=57) and Winter (n=64) subjects in low active 

(F=24.6%, W=3 7.5%) and high active (F=75.4%, W=6t. 5%) groups were not significantly 

different (Chi-Square=2.3, d e l ,  p>0.05). 

3.7.2 Comprrison of  Subjects Differing on Total Number of Symptoms 

The variabüity of RTI in the high active group was considerably greater than the low 

active group. Except for number of RTI episodes (Levene Statistic4.5, df- 1, p>0.05), 
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homogeneity of variance was violated for average duration per RTI episode (Levene 

Statistic=8.2, df= 1, px0.0 1 ), average number of symptoms per RTI episode (Levene 

Statistic=5.4, df= 1. p<0.05), daily rating of health (Levene Statistic=7.5, dî= 1, p<0.01) and 

ddy rating of health in illness (Levene Statistic*. 1, df= 1, p<0.05). Frequency distribution 

of the total sum of symptoms experienced over 77 days of observation for the high active 

subjects ranged from 1 to 215. Based on the median number of total sum of symptoms 

(TSS), the high active subjects were classified as low symptom (TSS s 59, n=43) or high 

symptom (TSS > 59. n=40). Cornparisons were made between low and high symptom 

groups with respect to physical activity and illness measures. The percentages of Fall and 

Winter subjects in low symptom (F=58.1%, W=45.0%) and high symptom (F=4 1.90/0, 

W=5 5 .O%) groups (Chi-Square= 1.4, d e  1, p>0.05), were not significantly different . 

3.73 Coinparison of Subjects Differing on Frequency of Physical Activity Participation 

Frequency distribution of the average weekly frequency of participation in physical 

activity (total PA/l1 weeks) showed that subjects participated fiom 1 to 7 days per week. 

The data were skewed (Skewness=0.5), however. Approximately 70% of the sampie 

exercised more than four days pet week whiie the rernainder exercised four or fewer days per 

week. To examine the possible role of frequency of participation on measures of RT! illness, . 
duration and severity, subjects were classified as low frequency participants ( r  4 daydweek, 

~ 3 7 )  or high frequency participants (> 4 daydweek, n=84). 

The percentages of Fa11 (n=57) and Winter (n=64) subjects in low frequency 

(F=19.3%, W=40.6%) and high fiequency groups (F=80.7%, W=59.4%) were significantly 

different (Chi-Square6.5, d e l ,  pc0.05). A Z(sarnp1e) x 2(fiequency group) factorial 
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ANOV As were performed to determine if' there were any signincant interactions for measures 

of RTI illness. There were no significant interactions between sarnple and frequency groups 

for any of the measures of RTI illness, duration or seventy. 

3.7.4 Statistics Used 

ANOVAs, using the unique surn of squares rnethod, were performed to determine 

whether or not there were differences ( ~ ~ 0 . 0 5 )  between groups for mean scores for 

fiequency, intensity and duration of physical activity and RTI illness, duration and seventy. 

Means and SD were denved fiom one-way ANOVAs, which were also used to test the 

assumption of homogeneity of variance. Adysis of covariance, using unique surn of squares 

method, was performed when one or more of the covariates (ie., alcohol consumption, 

smoking, stress and sleep) correlated significantly with any of the dependent measures. 

Independent T-tests were used to detemine if differences (pC0.05) in baseline rneasures for 

fitness and anthropometnc measurements were significant between genders. Cross-tabulation 

with Chi-Square analysis was used to measure independence between expected and actual 

frequencies of RTI illness (ie., sick and not sick) and categories (ie., gender or group). 

Pearson correlations were used to examine the relationships between measures of physical 

activity and RTI as weU as between measures of RTI and life-style. Linear regession, using 

the enter rnethod, was used to predict total sum of symptoms fiom selected measures of 

physical actjvity. A 2 (gmder) x 2 (group) factorial ANOVAs were performed to detedned 

if there were Merences (pc0.05) in rnean scores for measures of physid activity and illness. 



CHAPTER 4.0 

RESULTS 

4.1 BASELINE CHARACTERISTICS OF THE SAMPLE 

4.1.1 Fitness Characteristics 

The fitness characteristics of the sample at baseline are shown in Table 1.  There was 

a significant effect of gender on height (t=-8.7, df= 1 19, p<0.00 1 ). The average male was 

13.5 cm taiier than the average female. The average height of the subjects was 170.6 10.7 

cm. There was a significant effect of gender on weight (t=-5.1, df-119, p<0.001). The 

average male weighed 10.9 kg more than the average femaie. The average weight of the 

subjects was 67.1 * 12.6 kg. There was a significant efTect of gender on sum of skinfolds 

( ~ 4 . 9 ,  df= 1 19, p<O.OO 1 ). On average, the sum of skinfolds for females was 1 7.7 mm greater 

compared to males. The average sum of skinfiolds for the sample was 5 1 .8 * 2 1.1 mm. There 

was a sigruficant effect of gender on V 0 2  max (t=-9.0, de1 19, px0.00 1 ). On average, VOz 

max was 9.2 ml-kg-'* min" more in males compared to femaies. The average V02 max for 

the sample was 61.5 * 7.0 rnlekg'l* min''. 

4.1.2 Health, Life-Style and Living Characteristics 

Heahh and RTI characteristics of the sample in the eight weeks prior to the study are 

surnmarized in Table 2a. The percentages of males and females who reponed having 

experienced at least one RTI episode in the eight weeks prior to the start of the study were 

not sigdicamly different (Chi-Square=1.5, d e l ,  p0.05). Arnong the 91 (75.2%) subjects 

who reponed experiencing at least one RTI episode in this eight week penod, the average 



62 

number of RTI episodes was 1.7 * 1.4, with no significant difference between genders. The 

average duration of an RTI episode was 6.9 * 5.6 days, with no gender effect (t=0.2, dM9, 

pX.05). The percentages of males and femaies who reported being medically diagnosed as 

having an allergy were not significantly different (Chi-Square=O.8, d e l ,  p>0.05). Overall, 

30 (24.8%) subjects reported having been diagnosed with an allergy. The mean number of 

RTI episodes (1.2 * 1.3 vs 1 .5 * 1 . 1  episodedperson, F=0.6, d e  1, pz0.05) and the average 

duration of an RTI episode (4.8 * 5.7 vs 6.4 * 5.6 days, F= 1.8, d e l ,  p>0.05) were not 

significantly different between su bject s reponing having been medicall y diagnosed as having 

an allergy and those who did not. 

Life-style characteristics of the subjects in the eight weeks prior to the start of the 

study are surnmarized in Table 2b. The percentages of males and females who consumed 

alcohol were not sigdicantly different (Chi-Square=O. 5, d F  1, p>0.05). Eighty-five percent 

of the sample consumed alcohol. The average drinker consumed a total of 68.4 82.0 

alcohoiic beverages (8.6 drinkdwk), with no effect of gender (t=- 1 .3, df= l O 1, p>O. OS). 

The percentages of males and females who smoked cigarettes were not significantly 

different (Chi-Square=O.O, df= 1, p>O.OS). Founeen (1 1.6%) subjects smoked cigarettes, 

averaging 16.9 * 12.6 cigarettes Oess than 2 cigmttedweek). There was a significant effect . 
of genda on the total number of cigarettes smoked ( ~ 4 . 4 ,  df= 1 2, p<O.O5). Female smokers 

averaged a total of 1 1.6 cigarettedsmoker (1.4 cigarettedwk) and male smokers averaged 

26.4 cigarettedsmoker (3.3 cigarettedwk). 

Every subjea participated in some form of physical activity. The average duration of 

participation of physicai actiMty was 595 9 6478 minutes (74 5 midw k), with no significant 
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effm of gender (t=- 1.2, df= 1 19, p>0.05). There was no significant effect of gender on the 

total houn of sleep/week per person (ps0.05). Subjects averaged 57.0 * 10.8 hours of sleep 

per week (seven hourdday). 

Living characteristics of the subjeas in the eight weeks prior to the stan of the study 

are surnrnarized in Table 2c. The percentages of males and females who lived on campus 

(Chi-Squard. 1, d e l ,  pXI.05) and the percentages of males and females who lived with at 

least one roommate (Chi-Square=O. 1, df= 1, p>0.05) were not significantly different. Sixty- 

eight (56.2%) subjects lived on campus and 95 (78.5%) subjects lived with at least one 

roornmat e. 



Table 2a. Health and RTI characteristics OC the subjects at baseline (SlM, 7OF). 

Tabk 1. Sdected fitnas characteristics of the subjects at baselinc (SlM, 70F). Values 
are means 1 SD. 

falues are numbers of  subjects (percentage of subjects fa 

Measure 
1 

Height (cm) 

Weight (kg) 

SOS, (mm) ' 

VO, max (ml- kg-'*min-') 

Health and RTI Characteristics 

Number of subjects with RTI in 8 wks prior to study. 

' SOS,=sum of 5 skinfolds. 
p<0.00 1,  gender difference. 

Male 

178.4 * 6.8 

73.4 * 13.8 

41.6 18.2 

L 66.8 * 5.6 

- -  -- - .  

Number of RTl episodes in 8 wks prior to study (#kick 
person). 

1 
Female 

164.9 * 9.2 
I 

62.5 f 9.2 

59.3 f 20.1 
I 

57.6 f 5.3 

Duration of an RTl in 8 wks prior to study (daydsick 
person). 

- - - - - - 

Number of subjects diagnosed with an allergy. 

gender) or means i ISD. 

Male Female 
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Table 2b. Lifestyle characteristics of the subjeets at baseline (SI M, 7OF). Values a n  

Life-Style Characteristics 1 Male Female 

Number of subjects who consumed alcohol in 8 wks prior 
to study . 

Total number alcoholic beverages consumed during 8 wks 
prior to study (dnnkddrinker). 

41 (80.4%) 

8 1 .O * 87.0 

mmben of subjects (percentage of subjects for gender) or  mans 1 SD. 

Total number of cigarettes smoked dunng 8 wks pnor to 26.4 * 14.3 
study (Wsmoker) 

1 

. 

" 

Number of subjects who smoked cigarettes in 8 wks prior 
to study. 

Total minutes of physical activity dunng 8 wks prior to 
study (rnirdperson). 

L 

L 

r 

I 

5 (9.8%) 

Total hours of sleep (hrç/week/person). 1 58.7 * 9.6 

. L 

I 

a p<0.05, effect of gender. 

Table 2c Living characteristics of the subjeets nt baseline for the sample (SlM, 7OF). 
Values are numbers or subjects (percentage of' sub jects for   en der). 

Living Characteristics 

Number of subjects living on campus. 

Number of subjects with roornrnate(s) 

Male 

29 (56.9?!) 

36 (70.6%) 

Female 

39 (55.7%) 

59 (84.3%) 



4.2 LIFE-STYLE DURING THE STUDY 

During the 77 day observation period, 48 males and 70 females (98% of the sample) 

consumed at least one alcoholic beverage. For those who consumed alcohol, the average 

number of aicoholic beverages consumed was 91.4 * 84.2. Over 77 days, the subjects 

averaged 15.5 + 10.4 days of drinking (or 1.4 daydweek) and 5.9 drinks per day of drinking. 

The percentages of males and females who consumed aicohol were not significantly different 

(Chi-Square4.8, d e l ,  pN.05) .  Drinkers averaged 8.2 * 7.5 aicoholic beveragedweek (1 2 

1.1 drinkdday), wit h no significant effect of gender (t=- 1.9dF 1 1 6, p>0.05). 

Twenty males and 28 females (40% of the sarnple) smoked at least one cigarette 

during the 77 days. The percentages of males and f e d e s  who smoked were not significantly 

different (Chi-Square=O.O, df= 1, p>0.05). Smokers averaged 1 6.8 * 27.2 days of smoking 

(or 1.5 * 2.5 days/week). The average nurnber of cigarettes smoked per smoker totalled 1 05 

* 22 1 over the 77 days, or 6.2 cigarettes per day of smoking. The total number of cigarettes 

smoked was not significantly different between male and fernale smokers (t=-1.4, dw6, 

p>0.05). Smoken averaged 9.5 cigaretteslweek. 

Forty-eight males and 70 females (98% of the sample) attended a bar, party or social 

at least once. The percentages of males and females who fiequented bars. parties or socials 

were not significantly different (Chi-Square=O. 8, df= 1, p>0.05). The fiequency with which 

males and females attended a bar, party or social was not significantly different (t=Q.S, 

df-116, p>O.OS). On average, these subjects frequented a bar, Party or social 16.0 * 9.5 

occasions (1 -5 * 0.8 days per week). 

Each subject totalled, on average, 594.0 * 74.8 hours of sleep (including naps) over 
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the 77 days; thus, each p e M n  received 7.7 hr of sleep daily . There was no significant gender 

difference for hours of sleep (t=-0.4, d e l  19, p>O.O5). 

Total of daily stress scores for the entire 77 days averaged 128.0 37.1 using a sa le  

ranging fiom 1 (no stress) to 5 (excessive stress). There was no significant difference 

between genders for stress (t=O. 5, df= 1 19, p>0.05). The daily rating of stress was 1.7 * 0.5 

averaged for dl subjects. 

4.2.1 Lifcstyle, Rating OC Daily Stress and RTI Illness, Duration and Severity 

The relationships among measures of lifestyle and measures of RTI illness, duration 

and severity are summarized in Table 3. There were significant positive correlations between 

total ratings of perceived stress with average duration of an UT1 illness episode (r=0.2, 

p<0.05), total sum of symptoms (r=0.2, pCO.05) and average daily rating of health (r=0.3, 

pc0.0 1). 

There were aiso significant correlations among lifestyle variables. Total number of 

alcoholic beverages consumed was significantly correlated with total number of cigarettes 

srnoked (d.37, ~ ~ 0 . 0 1 )  and total Msits made to a bar, pmy or social (r=0.64, pcO.0 1); 

fiequenting these places was significantly correlated with smoking (r=0.32, p<0.0 1 ). 

Additionaily, total hours of sleep and total daily stress ratings were significantly negatively . 
correlated (r=-0.24, p<O. O 1 ). 



Tabk 3. The nlationships betwccn selected measures of  liftstyle and RTI illness 

per RTI episode (TSSüTIE), total surn of symptorns (TSS), daily rating of health (DRH) and 
daily rating of health in illness (DRHI). 

Health Scale (1 -lit sick 2=féeüng slightly off. 3=some symptorns of illness, normal routine 
is slightly upset, 4=definite change in normal routine, severe or several symptoms experienced 
and 5=very sick, severe syrnptoms experienced, time off schooUwork, extra rea needed, 
taking medicatiodprescription drugs). 
'Sick subjects (ie., excludes subjects with TI. = 0; n=102). 

p<O.OS. 
'p<O.Ol.  

[n=l2 1). 

'Measure 

Alcohol 

Cigarettes 

Bar, pariy or 
social 

Sleep 

Stress 
'Nwnber of RTI episodes (TE), duration of an RTI episode (TDUTE), number of symptom 

TSSYTIE 

0.01 

-0.07 

0.03 

-0.15 

O. 10 

T E  

O. 14 

O. 09 

0.14 

-0.13 

O. 16 

TSS 

0.02 

0.03 

-0.04 

-0.07 

d0.22 

TDVTIE 

0.12 

-0.02 

O. 12 

-0.12 

* O .  18 

b~~ 

0.12 

-0.10 

0.03 

-0.14 

' 0.31 

bacDRHI 

-0.06 

-0.02 

-0.10 

-0.04 

-0.1 1 



4.3 PHYSICAL ACTMTY DURING THE STUDY 

Total duration of al1 physical activities over the 77 days of observation was 4228 * 
22 12 minutes, but subjects (5 1M. 70F) spent most of their time in moderate (1 747 * 1332 

min) intensity activities, followed by light (1 522 * 1484 min) and high (957 1573 Mn) 

intensity activities. Subjects averaged 44.4 25.6% of their total physical activity time in 

moderate, 36.2 26.2% in light and 19.4 * 23.4% in hi& intensity activities. The average 

nwnber of days that subjects participated in physical activity for a minimum of 10 minutes (at 

any intensity) was 55.3 15.8 days, or 5.0 daydwk. Subjects averaged 76.4 minutes of 

physical activity per day of activity. 

Tot al du ration of high, moderate and light intensities of physical act ivity, total 

duration of al1 physid activities and total number of days of physical activity measured over 

77 days for males and females are shown in Table 4. The percentages of time spent in high, 

moderate and light intensities of physical activities for males and females are shown in Table 

5. There were signifiant gender diierences for total duration of high (F=5.6, d e l ,  p<0.05) 

and moderate (F=1 1.8, df= 1, p<0.001) intensity activities, total duration of al1 physical 

activities (F=9.2, df= 1, p<0.0 1) and the percentage of tirne spent in light intensity activities 

(F= 12.5, d e l ,  p<0.001). The percentage of total physical activity time devoted to 

participation in high (F=3.2, d e l ,  p=0.08) and moderate (F=3 3, d e l ,  p=0.06) intensity 

activities approached statistical significance. Males averaged 87 min of physical activity, 5.1 

days per week (24 min at high intensity, 39 min at moderate intensity and 24 min at low 

intensity). Females averaged 4.9 days per week of aaivity and totalled 68 min per day of 

actMty (12 min at high intensity, 26 min at moderate intensity and 30 Mn at low intensity). 
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While males spent a greater percentage of their total physical activity time in high intensity 

(24% vs 16%) and moderate intensity (49% vs 4 1%) activities, females spent significantly 

more time (42.8% vs 27.0%) in light intensity activities. 

The relationships among the various measures of physical activity are shown in Table 

6. Siwcant correlations ranged f?om -0.59 to 0.90. Total duration (min) of light, moderate 

and high intensity of physicai activities did not significantly correlate with each other, 

indicating their independence. However, there were significant negative correlations (r=-0.43, 

pC0.0 1 to F-0.59, p<0.01) among the percentages of total activity time spent in high, 

moderate and light intensity activities. Significant correlations were found between total 

duration in minutes of light ( ~ 0 . 5 2 ,  p<O.O 1 ), moderate (r=0.47, p<0.0 1 ) and high (~0.52, 

pC0.01) htensity of physical activities with total duration of ail physical activities. Significant 

correlations were also found berween the percentage of time spent in light, moderate or high 

intensity of physicai activities with, respectively, the total duration in minutes of light @=O. 78, 

p<O.Ol), moderate (~4.66, peO.0 1) and high ( ~ û . 9 0 ,  p<O.O 1) intensity of physical activities. 

The number of days of physicai activity correlated significantly with the total duration of al1 

physical activities (r=0.67, p<0.01), as well as total duration of light ( ~ 0 . 5 7 ,  p<0.01), 

moderate (r=O. 25, pCO.05) and high (r=0.20, p<O. OS) intensity activities. Total days of 

physid activity was significantly correlated with the percentage of total activity time spent 

in light intensity activities (r=0.30, pC0.01) and negatively correlated with the percentage of 

total activity time spent in moderate intensity activities (F-0.33, p<0.01). 



Tabk 4. Total duntion of  high, moderate and Iight intensity of physical activities, total 
duration of  al1 physical activities and total number o f  days of physical activity (Days 
PA) measured over 77 days for males (n=51) and females (n=7O). Values a n  means + 

' pcO.05, effect of gender. 
pc0.01, effect of gender. 
pc0.00 1, effect of gender. 

1 SD. 
Days PA 

(#) 

56.5 * 15.4 
54.4 * 16.2 

Table 5. Percentage of time spent in high, modente and light intensity o f  physical 
activities measured over 77 days for males (n=51) and females (n=70). Values a n  
means 1 SD. 

Total PA 
(min) 

4917.4 
2444.4 

b3723.3 
i 1889.3 

Light 
(min) 

1356.1 
1468.6 

1643.4 
1494.4 

Gender 

Male 
1 

Female 

Light 

26.5 * 24.1 
a 42.8 * 25.7 

' pCO.0 1, effect of gender. 
p=O. OS, effect of gender . 
' p=0.06, effect of gender. 

Moderate 

49.6 * 27.7 
' 40.9 * 23.5 

Gender 

Male 

Female 

High 
(min) 

1347.0 
*1885. 1 

'673.8 * 1238.2 

High 

23.9 * 25.1 
16.3 * 21.8 

Moderate 
(min) 

2214.3 * 1529.2 
1406.1 * 1054.8 



Table 6. Correlation matrix showing the relationships among total dutation of light, 
moderate and high intensity of physical activities, total duration of al1 physical 
activities, total numbet of days of physical activity (Days PA) and the percentage of 
tirne smnt in Iisht. moderate and hinh intensitv of  ~hvsical activities (SIM. 70F). , 

Light 

Moderate 

High 

Total PA 

DaysPA 

% Light 

‘!40 
Modera te 

%High - 
' pc 0.05 level(2-tailed). 

p< 0.0 1 level (2-tailed). 

Light 

1.00 

4.05 

-0.17 

0.52 

High 

1.00 

Moderate 

1 .O0 

-0.14 

0.47 

b0.57 

0.78 

4.50 

b4.33 

Total PA 

'0.25 

-0.42 

0.66 

b-0.26 

% 
Light 

Days PA 

1 .O0 

b-0.59 

b-0.47 

1 .O0 

0.30 

b-0.33 

-0.02 

0.52 

'0.20 

b - O . ~ ~  

b-û.J2 

0.90 

?40 
Moderate 

1.00 

b0.67 

-0.01 

*10.23 

0.27 

VO 
High 

l 

1 .O0 

b 4 . ~ 3  1.00 . 



4.4 RTI ILLNESS DURLNC THE STUDY 

A total of 7562 symptoms were experienced by the 121 subjects during the study. 

The 12 cold and mi symptoms listed in the daily diaries and the percentage that each 

contributed to the total sum of a l  symptoms experienced are shown in Figure 1. Cold-related 

symptoms comprised 78.8% of the total sum of syrnptoms. while flu-related symptoms 

contributed 2 1.2% of the total sum of symptoms. The average number of days on which 

subjects experienced any one of the 12 RTI symptoms was 25.3 * 16.5 days per subject. 

Selected measures of RTI illness, duration and severity are summarized in Table 7 for 

the entire sample and for those who experienced at least one defined RTI episode (42M. 60F). 

One- hundred and two subject s experienced at least one RTI episode, yielding an incidence 

rate of 84%. Averaged over the entire sarnple (n= 12 1). 1.5 RTI episodes per person were 

experienced with each episode lasting approximately ten days. The average number of 

symptoms experienced per episode was approximately 30. The average sum of symptoms 

over 77 days was approxirnately 62 in number (inside and outside of illness). The daily rating 

of health and the daily rating of health in illness averaged 1.3 and 1.8, respectively. 

Nine male and ten female subjects did not experience an RTI episode. The 

percentages of males ( 17.6%) and females ( 14.3%) who did not experience an RTI episode 

were not significantly different (Chi-Square=O. 3, df= 1, p>0.05). When these subjects were 

excluded, average values for measures of RTI illness duration and severity al1 increased: 

number of RTI episodes (+0.3 episodedperson), duration per episode (+2.0 daydepisode), 

symptoms per episode (+6.5 symptomslepisode) and the 77 day total sum of symptoms (+7.4 

syrnptomdperson), average daily rathg of heahh (+O. 1 unitdday) and the average daily rating 

of health in illmss (+0.3 unitdday). 



Inn- 

Figure 1. The 12 symptoms of RTI illness and the percentage that each contributes 
to the total sum of symptoms (n=121). 

Cold Symptoms (NOSE=runny nose; COUGH=coughing and/or sneezing; 
FATIGUE-weariness from the body; THROAT=sore throat; SINUS=congested 
sinuses). 
Flu symptom=(MUSCLE=aching muscles and/or joints; EiEAD=headache; 
SWOLLEN=swollen glands; FEVER=body tenipenture > 36 O C ;  DIARRBEA; 
NAUSEA=nausea and/or voniting). 
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Average RTI hess, durahon and severity measures for males and females are show 

separately in Table 8. ANOVA showed that number of RTI episodes (F=2.7, df= 1, p>0.05), 

duration per RTI episode (F=0.4, d e l ,  p>O.OS), number of symptoms per RTI episode 

(F=û.4 d e l ,  p>O.OS), total sum of syrnptoms (F=0.6, d e l ,  p>O.OS), daily rating of health 

(F=O.O, d F  1, p>0.05) and daily rating of health in illness (PO. 1, d e l ,  p>0.05) were not 

significantly Merent between males and females. When those subjects who did not become 

iU (9M, 10F) were removed fi-om the analysis, there were still no significant effeas of gender 

on the measures of RTI illness, duration or seventy. 

Correlations among selected measures of RTI iiiness, duration and seventy are show 

in Table 9 There were significant correlations among al1 of the dependent variables. The 

highest correlation seen was between average duration per RTI episode and average number 

of syrnptoms per RTI episode (H.88,  pcO.01). Approximately 77% of the variance of each 

of these dependent measures could be explained by the other. Other correlations ranged 

between 0.19 to 0.74. Approxirnately, four percent to 50% of the variance of one dependent 

measure could be explained by another. 



is süghtiy upset, 4=definite change in nomial routine, severe or several symptorns expenenced 
and 5=very sick, severe symptoms expenenced, time off schoollwork, extra rest needed, 

Table 7. Measures of RTI illness, duration and severity for ali subjects (SIM, 70F) and 
sick subjects (42M, 60F). Values a n  means i I SD. 

taking medication/prescription dmgs). 
' Sick subjects (ie., excludes subjects with T E  = 0). 

f 

' Sick Subjects 

1.8 0.8 
" 

12.0 7.0 
I 

34.8 * 26.7 

69.8 i 45.8 

1.4 i 0.3 

2.1 * 0.6 

Variable ' 

T E  (#) 

TDI/TIE (daydepisode) 

TS SUIE (# symptoms/episode) 

TSS 

DRH (rating) 

DRHl (ratingday of illness) 
Number of RTI episodes (TIE), duration per RTI episode (TDYTIE), number of symptoms 

per RTI e p i d e  ( T S S W ) ,  total sum of symptoms (TSS), daily rating of health (DRH) and 
daily rating of health in illness (DRHI). 

Health Scale (l=not si& 2=feehg slightly off, 3=some symptoms of illness, normal routine 

Al1 Subjects 

1.51 1.0 

10.1 * 7.1 

29.3 * 27.6 

62.4 * 47.2 

1.3 0.3 

1.8 * 0.9 



Table 8. Number of RTI episodes (TIE), total sum of symptoms (TSS), daily nting of 
health (DRH), duration per RTl episode (TDVTIE), number of symptoms pet RTI 
episode (TSSI/TIE) and daily rating of health in illnas (DRBI) measured over 77 days 
or males and fernales. Values art means * 1 SD. 

Gender DRH 

Male 

Female 

Al1 1.4 59.0 
Males * 0.9 * 47.7 
(n=5 1) 

Sick 1.6 70.3 
Males"O.8 k45.9 
(n=42) 

Al1 1.6 65.0 
Females * 1 .O * 46.9 
(n=70) 

Sick 
* 0.3 

(rat ing ) 

' Sick subjects (excludes subjeas with TIE = 0). 
Health Scale ( 1  =not sick, 2=feeiing slightly off. 3=some symptoms of illness, normal routine 

is slightly upset, 4=definite change in normal routine, severe or several syrnptoms experienced 
and 5=very sick, severe symptoms expenenced, time off schooL/work, extra rest needed, 
taking medication/prescription dmgs). 



Table 9. Cornlition mat& for numkr of RTI episodes (TE), total sum of symptoms 
(TSS), daily nting of health (Dm), duration per RTI episodt ( T D W ) ,  number of 

1 TSS 1 0.46 

1 DRH 1 ' 0.47 

de (TSSi/TIE), daily rating of health in illness (DRHI). 

DRH TSS TDVTTE DRHI TSSYTIE 

1 .O0 

1 .O0 

0.88 

0.69 

O S 1  
1 

0.46 

1 .O0 

0.74 

0.49 

0.46 

1 .O0 

0.58 

0.27 

1 .O0 

0.45 
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4.5 THE RELATIONSHIP BETWEEN PHYSICAL ACTTVITY AND RTI 

The correlations between fiequency, intensity and duration of physical activity with 

frequency, duration and severity of RTI are shown in Table 10. Total duration of light 

intensity activities was significantly correlated with daily rating of health (14.2 1, pX0.05). 

Total duration of al1 physical activities was significantly correlated with total surn of 

symptoms (r=0.20, p<O.O5), as was total days of physical activity (r=0.24, pCO.05). The 

percentage of total physical activity time devoted to participation in light intensity activities 

was significantly correlated with number of RTI episodes (r=O. 19, pc0.05). However, the 

percentage of total physical activity time devoted to participation in moderate intensity 

activities was significantly negatively correlated with number of RTI episodes (r=-0.22, 

p<O.O 1 ) and daily rating of health 

(r-0.20, pc0.0 1). 

The total minutes of participation in high intensity activities was sumrned on each day 

of the study for al1 subjects and divided by the number of subjects to give average total 

minutes of high intensity activity/person/day. This was also perforrned for moderate and low 

intensity activities, as well as for total sum of syrnptoms and daily rating of health. Total 

minutes of hi& moderate and light i n td ty  activities, as well as total minutes of dl physical 

activities, were plotted against tirne (days). Also show was the total surn of symptoms per 

person per day (Figure 2A-2D). 

The linear fits betwem the average total minutes of hi& moderate and light intensity 

activities, as well as average total minutes of al1 physical activities (per person) were show 

(Figure 2A-2B). This was used to estimate the average total minutes of participation in high, 
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moderate and light intensity activities, as well as average total minutes of al1 physical 

activities, on each day of the study. On day one of the study, the total duration of physical 

activity participation, on average, was 62 min per person and 48 min per person by the end 

of the study (Figure 2D). The reduction in total physical activity was rnainly a result of a 

decline in high and light intensity activities (Figure 2A-2B). There was no appreciable 

decrease in participation in moderate intensity activities over time (Figure 2C). 

Over the 77 days of the study, the average number of reported RTI symptoms 

progressively decreased (Figure 2A-2D). Using the linear fit of total surn of symptoms with 

tirne, the average number of symptoms reponed on day one of the study was 1.5 per person. 

On day 77, the average number of reported symptoms fell to O. 1 per person (Figure 2A-2D). 

Except for the reduaion in daily syrnptoms and minutes of participation in high and 

light intensity activities over tirne, there was no consistent pattern of association between daily 

pmicipation in hi& moderate or light intensity activities and daily surn of symptorns (Figure 

2A-2C). Regession analysis was pedormed using the enter method to predict total surn of 

symptoms (TSS) from participation in high, moderate and light intensity activities. The first 

variable that was selected for entry was participation in high intensity activities (High). The 

r value was 0.51, explainhg 26% ofthe variance Ui total nun of symptoms. The next variable 

selected for entq was participation in light intensity activities (Light). The r value 

significantly increased to 0.61 and now accounted for 36.7% of the variance in total surn of 

symptoms. The final variable entered was participation in moderate intensity activities 

(Moderate). This variable did not significantly incrase the r value and variance explained. 

Thus the final regression equation was: Y (TSS)= -0.47+ (0.05 x High) + (0.04 x Light). 



Tabk 10. Peanon correlations among mcrrures of physical activity intensity, duration 
and frequency and measures of RTI illness, duration and scverity. 

YO 
High 

0.03 

0.00 

0.06 

-0.06 

-0.06 

-0.03 

Number of RTI episodes (TE), total sum of symptoms (TSS), daily rating of health 
(DRHI), duration per RTI episode (TDUTIE), number of symptoms per RTI episode 
(TSSUTIE), daily rating of health in illness (DRHI). 

p< 0.05 (2-tailed). 

VO 
Moderate 

b-0.22 

-0.10 

-0.20 

4.03 

4.03 

-0.06 

Measure ' 
1 

TE 
L 

TSS 
r 

DRH 
l 

TDVTIE 
I 

TSSVTE 

DRHI 

Moderate 
(min) 

4.14 

0.04 

-0.12 

0.07 

0.08 

0.03 

% 
Light 

b0.19 

0.09 

O. 14 

0.08 

0.08 

0.08 

Light 
(min) 

O. 15 

0.05 

b0.21 

0.1 1 

0.13 

0.07 

Total PA 
(min) 

0.06 

0.20 

0.15 

0.09 

0.12 

0.06 

High 
(min) 

0.06 

0.04 

O. 12 

4.04 

4.03 

-0.00 

v - 

Days PA 

0.03 

0.24 

O. 10 

O. 14 

O. 17 

0.02 



Figure 2A-2B. Daily minutes of pbysicd activity in sdected iotensities, as weU as 
daify number of symptoms. Also shown arc the l inar  fits. 



Figure SC-2D. Daily minutes of physicd activity in sekcted intensities and in total, 
as well as daily number of symptoms. Aho shown are the linear fits. 
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Over the 77 days of the audy, the average daily rating of health progressively 

decreased (Figure 3A-3D). Usiig the linear fit of average daily rating of health with time, the 

reported health rating on day one of the study was 1.7 units per person; on day 77, this 

average fell to 1 . 1 per person (Figure 3A-3D). 

There was no consistent pattern of association between daily pmicipation in high, 

moderate or light intensity adivities and average daily rating of health (Figure 3A-3C). 

Regession analysis was performed using the enter method to predict average daily rating of 

health (DRH) from participation in high, moderate and light intensity activities. The first 

variable that was selected for entry was participation in high intensity activities (High). The 

r value was 0.45, explaining 2 1% of the variance in average daily rating of health. The next 

variable selected for entry was participation in light intensity activities (Light). The r value 

significantly increased t o  0.53 and now accounted for 28.3% of the variance in total sum of 

symptoms. The final variable entered was participation in moderate intensity activities 

(Moderate). This variable did not significantly increase the r value and variance explained. 

Thus the final regression equation was: Y @RH)= 0.92 + (0.0 1 x High) + (0.0 1 x Light). 



Figure 3A-3B. Daily minutes of pbysicd rctivity in stltcted inttnsitits, as well as 
daily rating of  hulth. Also shown art the linear fits. 



Figure 3C-3D. Daily minutes of pbysicd activity in stlccted intensities and in 
total, as well as daily rating of haltb. Also shown a n  the l inur fits. 



4.5.1 Cornparison of Subjects Differing on Total Physical Activity 

4.5.1 . 1  Physical Activity 

The total duration of high, moderate and light intensity of physical activities, total 

duration of al1 physical activities and total number of days of physical activity for the low 

active group (total PA s 3000 min) and the high active group (total PA > 3000 min) are 

show in Table 1 1. There were significant effect s for total duration of high (F= IO. 5, d e  1, 

pc0.0 1 ), moderate (F=20.8, d F  1, p<0.00 1) and light (F= 14.7, d e l ,  p<0.00 1 ) intensity of 

physical activities, total duration of al1 physical activities (F=90.5, df= 1, pc0.00 1 ) and number 

of days of physical activity (F=90.5, df-  1, p<0.00 1 ). Thus, subjects classified as high active 

spent signsficantly more time in high, moderate and light intensities of physical activities and 

more days king physically active. Over the I l  weeks of the study, subjects in the high active 

group participated in physical activity, on average, an additional 21.6 days compared to 

subjects in the low active group. The average fiequency of participation was 3.7 days per 

week for the low active group and 5.6 days per week for the high active group. The low 

active group averaged 51.5 min per day of activity, of which 7.4 min was spent in high 

intensity activities, 24.5 min in moderate intensity activities and 19.6 min in light intensity 

activities. By cornparison, the high active group averaged 20.4 min of high, 33.5 min of 

moderate and 29.7 min of light intensity activities for a total of 83.6 min per day of physical 

activity . The percentages of males and fernales were significantly dEerent between low active 

(M 1 9.6Y0 vs F4O. OVO) and high active groups (MS0.4%, F6O. 0%) (C hi-Square5.7, df- 1, 

p<O.05). 

The percentages of subjects participating in physicai activity at a low (1 to 4 dayiwk) 
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or high (>4 daydwk) frequency for the low and high active groups are show in Table 12. 

Approximately 76% of the low active subjects participated in physical activity, on average, 

1 to 4 daydwk compared to 100/o of the high active subjects. Approximately 90% of the high 

active subjects participated in activity more than 4 daysfwk compared to 24% of the low 

active subjects. Cross-tabulation showed that these differences in participation frequency 

were significant (Chi-Square=48.5, d e l ,  p<0.00 1 ). 

The percentages of total physical activity time spent in high, moderate and light 

intensity activities for low active and high active groups are show in Table 13. There were 

no significant dierences between groups for the percentage of total activity time spent light 

intensity activities (F=O. O, df= 1, p>O.OS), or moderate intensity activities (F= 1.9, d e  1, 

p>0.05), but the percentage of total physical activity time devoted to participation in high 

intensity activities approached statistical significance (F=3 .O, df= 1, p=O.O8). 

4.5.1.2 RTI Illness, Duration and Severity 

The incidence, duration and severity of RTl for the low active and high active groups 

are shown in Table 14. There were significant differences between groups for total sum of 

syrnptoms (F=11.2, d e l ,  p<O.001), duration per RTI episode ( P 8 . 3 ,  df- 1, pCO.0 1 ), number 

of syrnptoms per RTI episode (F7 .1 ,  df= 1, p<O. O 1 ) and daily rating of health (F=3.8, df= 1, 
I 

p=O.OS). On average, over the course of the study, subjects in the high active group 

experienced approximately 29.7 additional RTI syrnptoms. Alt hough there was no significant 

difference in the mean number of RTI episodes expenenced between activity groups, RTI 

episodes lasted 3.7 days longer, included 13.1 more syrnptoms and the daily rating of health 

were wone (+O. 1) in the high active group. Daily ratings of health in illness was not 



Table 12. N u m h  ofsubjects participating i n  physical activity on average 4 or fewer 
days/wk (low frequency) and greater than 4 days/wk (high frequency) for low active 
(lOM, 2 8 0  and high active (41M, 42F) groups. Values are numbers of subjects 

Table 11. Duration of high, moderate and light intensity of  physical activitia, total 
duration of al1 physical activities (total PA) and total days of physical activity (Days 
PA) measureâ over 77 days for low active ( IOM, ZIF) and high active (4M, 42F) 
grouos. Values an means 1 SD. 

1 Activity 1 Frequency of Participation 1 

Activity 
Group 

Low 

High 

'Low active group (total PA s 3000 min). 
High active group (total PA > 3000 min). 
' pC0.0 1, effect of group. 
* p~0.00 1 ,  effect of group. 

High 
(min) 

298.6 
* 316.9 
7 259.2 
* 181 1.4 

1 Ciroui 

'Low active group (total PA i 3000 min). 
High active group (total PA > 3000 min). 
' (Chi-Square=48.5, d e i ,  p<0.001). 

Days PA 
(#) 

40.5 
* 13.6 
* 62.1 
* 11.6 

High 

Total PA 
(fin) 

2086.8 
594.4 

5206.3 
* 1976.7 

Moderate 
(min) 

990.9 
* 573.6 
2092.8 
1436.2 

' 

Light 
(min) 

797.3 
* 617.8 
1854.2 

* 1642.2 

Low ( 1  -4 daydweek) 

F 

'9 (9.6%) 

Table 13. The percentage of total physical activity time spent in high, modentc and 
ligbt intensitks oîphysical activitia measured over 77 days for low active (10M, 28F) 
lad  hinh activt (41M. 42FI nrou~s. Values a n  mcans 1 SD. 

High (>4 daydweek) 

' 75 (90.4%) 

Activity Group 

Low a 
1 

High 
'Low active (total PA s 3000 min). 
High active (total PA > 3000 min). 
' p=0.08, effect of group. 

Hish 
13.9 * 14.5 
' 22.0 * 26.2 

Moderat e 

48.7 * 24.5 
42.4 26.1 

Light 

37.4 k 23.9 

35.6 k 27.3 



statistically different between activity groups. 

Analysis of covariance was perfomied to detennine if mean differences in duration of 

an RTI episode, daily rating of health and total surn of symptoms were significantly different 

between low and high active groups after covarying for total daily ratings of stress because 

these three dependent variables were correlated with total stress score (Table 3). Analysis 

of covariance showed that total stress score was not significantly associated with duration per 

RTI episode (F=2.7, df= 1, p>0.05), but was associated with daily rating of health (F= 10.6, 

d F  1, p<0.01) and total sum of symptoms (F=4.2, df= 1, pC0.05). Hence, there was no need 

to covary for total mess score for duration per RTI episode. There was no significant effect 

of group for daiiy rating of health d e r  covarying for the significant association between total 

stress score and daily rating of health (F=2.4, df= 1, pXI.05). The total sum of symptoms was 

still significantly greater in the high active group compared to the low active group aAer 

covarying for total stress score. The adjusted means for the low and high active groups were 

42.1 and 71.8 for total surn of symptoms. 

Four males and three females in the low active group, and five males and seven 

fernales in the high active group did not experience an RTI episode. The incidence rates for 

RTI were thus 8 1.6% and 85.5% respectively for the low active and high active groups (Chi- 

Square=0.3, + 1, pN.05). When these illness-free subjects were removed fiom the anaiysis, 

ANOVA showed that there were again significant differences between groups for total sum 

of symptoms (F9.7, d e l ,  p<0.01), duration per RTI episode (F=10.0. d e l ,  p<0.0 l), 

nwnber of symptorns per Rn episode (F=7.6, ci+ 1, pq0.0 1 ) and M y  rating of health (F=5.2, 

d e l ,  pcO.05). figh active subjects who suffered at least one RTI episode experienced more 
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days with symptoms (+ 30.6 RTI symptoms), longer illness episodes (+3.9 days), more 

symptoms per RTI episode (+14.1 symptoms) and poorer ratings of health (+0.3 unitslday) 

compared to their low active counterparts. 

Analysis of covariance was performed once again to compare mean scores between 

groups f ier  excluding subjects who remained illness free during the study. ANCOVA 

showed that there was no significant association between total stress and duration per RTI 

episode (F=0.5, d e  1, p>O. OS) or total a m  of symptorns (F=0.7, d e  1, p>O. OS). Hence, there 

was no need to covary for total ratings of stress in companng duration per RTI episode and 

total sum of symptoms between low active and high active subjects. However, there was a 

significant association between total stress and daily rating of health (F=4.6, d+l, pc0.05). 

There was, a margidly significant main effect of group on daily rating of health (F=3.8, df= 1, 

pq.05) .  The adjusted means for low and high active groups for daily rating of heaith were 

1.3 and 1.4, respectively. 

A 2 (gender) x 2 (activity group) factorial analysis of variance was performed using 

unique sum of squares method to determine ifthere were any interactions between males and 

females in low and high active groups for rneasures of RTI illness, duration and severity. 

There was a combined main effect of group for duration per RTI episode (F=4.1, d+2, . 
p<O.OS), number of symptoms per RTI episode (F=4.0, de2, p<O.OS) and total sum of 

symptoms (F=5.9, df-2, pC0.01). There was no signifiant main effect of gender for 

measmes of RTI duration or sevaity. However, the main eRect of gender for number of RTI 

episodes approached statistid significance (F=3 -5,  df= 1, p=O.O8). 

There was a main &fft of activity group on duration per RTI episode (F=7.4, df= 1, 
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p<0.01), number of RTI symptoms per RTI episode (F=7.9, df- 1, p<O.O 1 ) and total sum of 

symptoms (F=11.7, df= 1, p<0.0 1 ), again indicating that high active subjects experienced 

greater illness. There were no significant interactions. These results confirm the data 

presented earlier using ANOVA. 

When the 19 subjects who did not experience an RTI episode were excluded from the 

anaiysis, there were significant combined main effects for duration per RTI episode (F=4.5, 

df-2, p<O.OS), number of symptoms per RTI episode (F=3.7, de2 ,  pCO.05) and total sum 

of symptoms (F=4.0, dM, p<O.OS). There were no signiticant main effects of gender for any 

masure of RTI illness, duration or severity. There was, however, significant main effects of 

activity group for duration per RTI episode (F=4.6, df= 1, p<0.05), number of symptoms per 

RTI episode (F=5.9, df= 1, p<0.05), and total sum of symptoms (F=7.6, df= 1, p<0.0 1). There 

was a rnarpal main effen of activity group for daily rating of health (F=3.8, d F  1, p=O. 05). 

To explore the marginally significant gender effect funher and to compare male and 

fernale groups, which differed in total activity time, the percentages of total activity time 

devoted to participation in moderate and light intensity activities were separately covaried for 

in 2 (gender) x 2 (activity group) factonal ANOVAs for number of RTI episodes, since the 

percentages of total activity time devoted to participation in light and moderate intensity . 
aajvities were both correlated with number of Rn episodes. Moderate intensity activity was 

significantly associated with number of RTI episodes (F=5.0, d e l ,  p<0.05) but the 

percentage of üght intensity activity approached statistical significance (F=3.1, df= 1, p=0.08). 

Mer covarying for the percentage of total activity time spent in moderate intensity activity, 

the main effect of gender for number of RTI episodes no longer approached statisticd 
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significance (F= 1.8, df- 1, p=0.2). 

The duration of an RTI episode for some subjects could have been affected by the 

beginning and ending of the study. Sorne RTI episodes may have been shortened by the fact 

that some subjects could have begun the study aiready sick, while other RTI episodes could 

have been cut short by the end of the observation penod. Subjects whose RTI episode 

occurred 4 t h  the fùst O ~ O  days of the study and those whose RTI episode was possibly cut 

off by the end of the study were classified as "affected," while subjects whose first RTI 

episode occurred later than two days into the study and whose RTI episode ended pnor to 

the end of the observation period were classified as "unaficted." Only subjects who 

experienced an Rn episode were used in an anal ysis (n= 1 02). The percent ages of "affect e d  

and "unaffected subjects in low active (1 8 affected vs 13 unaffected) and high active (41 

afYected vs 30 unaffected) groups were not significantly different (Chi-Square=0.4, df= 1, 

p>O.OS). The mean duration per RTI episode was not significantly different between 

"aff'ected (1 2.6 6.5 days) and "unaffected" (1  1 .1  * 7.7 days) subjeds (F=l .  1, ci+ 1, 

p>O.OS). Total sum of symptoms was significantly (F=8.1, df= 1, pc0.0 1 ) greater in the 

"afTected subjects (80.5 * 5 1.7) compared to the "unaffected" subjects (5 5.1 3 1.4). 



Tabk 14. Number of RTI episodes (TE), total sum of  symptoms (TSS), daily nting of 
health (DRH), duration per RTI episode (TDyTLE), number of  symptoms per RTI 
e p d e  (TSSUTE), daüy ratlng of health in illnas (DRHI) measured over 77 days Tor 
low active (IOM, 28F) and high active (4 

Activity Group 

Sick subjects 1.8 
(6M. 25F) ' 0.8 

'Low active (660 min s total PA 5 3000 min). 
High active (3001 min s total PA s 1 1034 min). 
' Sick subjects (excludes subjects with TIE = 0). 
pc0.05, effect of group. 
' pC0.0 1, effect of group. 
' pc.001, effea of group. 
p=0.05, effect of group. 
Health Scale ( h o t  sick, 2=feehg slightly off, 3=some syrnptoms of illness, normal routine 

is siightly upset, 4=defuiite change in normal routine, severe or several symptoms experienced 
and 5=very sick, severe symptorns experienced, time off school/work. extra rest needed, 
taking medication/prescription dmgs). 
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4.5.2 Cornparison of Subjects Differing on Total Nurnbcr of Symptoms 

The variability in measures of RTI illness, duration and severity were considerably 

greater in the high active group compared to the low active group. Homogeneity of variance 

was violated for duration per RTI episode (Levene Statistic=8.1, df= 1, p<0.0 1 ), number of 

symptorns per RTI episode (Levene Statistic= 5.4, d e l ,  p<0.05), total sum of syrnptoms 

(Levene Statistic= 1 8.0, df- 1, p<O.OO 1 ), daily rating of health (Levene Statistic=7.5, df= 1, 

p<O.OS) and daily rathg of health in illness (Levene Statistic=4.1, df= 1, p<O.OS), but was not 

violated for number of RTI episodes (Levene Statistic=O.6, d e l ,  p>O.OS). The greater 

variance in rneasures of illness wggests that one could be highly active and expenence longer 

or severe RTIs, or one could be highly active yet suffer shoner or less severe bouts of illness. 

To examine the possible role of physical activity as a factor explaining the high 

variability in measures of RTI duration and seventy among high active subjects, the median 

for total sum of symptoms for the high active abjects (n=83) was the critenon separating 

subjects into low symptom (TSSs 59, n=43) and high symptom (TSS 260, n=40) groups. 

Mean scores for measures of RTI and physical activity were compared between low symptom 

and high symptom groups. Homogeneity of variance was not violated for number of RTI 

(Levene Statistic=O.O, df= 1, p>0.05) or duration per RTI (Levene Statistir-O. 1, df= 1, 

pX.05), but was violated for total wn of syrnptoms (Levene Statistic=25.7, df= 1, pKO.00 1 ), 

symptoms per RTI (Levene Statistic=12.7, df= 1, pc0.00 l), daily rating of health (Levene 

Statisti~6.7, e l ,  p<O.OS) and daiiy rating of health in illness (Levene Statistic=lO.O, d+l, 

p<O.Ol). 

Mean scores for Rn ihess, duration and seventy for low and high symptom groups 
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are shown in Table 1 5. The percentages of males and females in low (M5 8.1 %, F4 1 .9%) and 

high (M4O. 00/o, F60.0%) symptorn groups were not significantl y different (Chi-Square=2.7, 

de l .  pW.05). Mean scores for number of RTI episodes (F=28.3, d e l ,  p<0.00 l), duration 

per RTI episode (F=24.9, d e  1, p<0.00 1 ), number of symptorns per RTI episode (F=33.8, 

d e l ,  p<0.001), total sum of symptoms (F=153.4, d F  1, p<0.00 l), daily rating of health 

(F43.5, df= 1, p<0.00 1 ) and daily rating of health in illness (F=3.9, d e  1, p=O.OS) were dl 

greater in the high symptom group compared to the low symptom group. On average, 

subjects in the high symptom group experienced one additional RTI episode, the average 

episode lasted 8 .O days longer and included 40.4 more symptoms and 82.5 more symptoms 

totalied over 77 days; also, daily ratings of health and average daily ratings of health in illness 

were 0.3 and 0.4 units greater in the high symptom group. 

Mer  removing the subjects who did not expenence an RTI episode (SM, 7F), the 

proponions of males and femaies in both low and high symptom groups were still not 

significantly different (Chi-Square=2.4, df= 1, p>O.OS). Ten of the 1 2 subjects who did not 

get sick were in the low syrnptom group compared to two for the high syrnptom group (Chi- 

Square=3.1, d F  1, ~ ~ 0 . 0 8 ) .  The rate of incidence for RTI was 76.7% for low syrnptom 

subjects and 95% for high symptom subjects. When the illness-free subjects were excluded 

fiom the analysis, measures of RTl iiiness, duration and severity increased, pmicularly for the 

low symptom group. The Merences between high and low symptom groups remained after 

excluding healthy subjects, except for daily rating of health in illness, which averaged 2.1 units 

for both groups (F=O.O, d e  1, ps0.05). 



' Low symptom (TSS 5 59). 
High syrnptom (TSS 2 60). 
Sick subjects (excludes subjects with TIE = 0). 
p<0.00 1 ,  effect of group. 
' p<0.05, efEect of group. 
Health Sale (l=not sick, 2=feeling slightly off, 3=some symptorns of illness, normal routine 

is slightly upset, 4=definite change in normal routine, severe or several symptoms experienced 
and 5=very sick, severe symptoms experienced, time off schooVwork, extra rest needed, 
taking medication/prescnption drugs). 
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The mean scores for total duration of time in high, moderate and light intensity of 

physical activities, total duration of al1 physical activities and total days of physical activity 

are sumrnarized in Table 1 6. Total duration of high (F= 1.4, df= 1, p>O.OS) and light (F0.2, 

d e  1, pX.05) intensity activities, total duration of al1 physical activities (F=O.O, df= 1, p>O.O5) 

and total days of physical activity (F=O.O, d e  1, p>O.OS) were not significantly different 

between low and high symptom groups. Both groups participated in physical activity for a 

total duration of 84 minutes per day of physical activity. Weekly frequency of panicipation 

in physical activity was virtually the sarne for both groups (5.7 daydwk). However, the low 

symptom group, on average, participated in significantly more moderate intensity activities 

(39 min vs 28 min) per day of physical activity (F=4.5, d e l ,  p<O.O5); correspondingly, less 

time was spent in light (28 rninlday vs 3 1 midday) and high (1 7 min/day vs 24 minlday) 

intensity activities. 

Mean scores for the percentage of time spent in high, moderate and light intensity of 

physical activities are summarized in Table 17. Compared to the high symptom group, the 

low symptom subjects spent a significantly greater percentage of their time in moderate 

intensity activities (F=3.8, d+l, p=0.05), but not in high (F=1.2, d e l ,  p>0.05) or light 

(F4.6, d e l ,  pX.05) intensity activities. Low symptom subjects spent approximately 50% 

of their total activity time in moderate intensity activity. 



' Low symptom (TSS s 59). 
High symptom (TSS 2 60). 
' (p<O.OS), effect of group. 

Tabk 16. Duration of high, moderate and light intensities of physical activities, total 
duration of aII physical activities and number of days of physical activity (Days PA) 
measureû over 77 days for low (25M, 18F) and high (MM, 24F) symptom groups for 
high active subjccts (41M, 42F). Values are means * 1 SD. 

Symptom 
Group 

Low ' 

~ i g h  

a Low symptom (TSS s 59). 
High symptom (TSS r 60). 
p=O.OS, main effect of group. 

Table 17. The percentage or time spent in high, moderate and light intensities of 
physical activities measured over 77 days for low (25M, 18F) and high (MM, 24F) 
symptom groups for the high active group (41M, 42F). Values are means * 1 SD. 

High 
(min) 

1035.9 
k 1254.7 

1499.3 
* 2256.0 

Symptom Group 

Low a 

High 
> 

Moderate 
(min) 

2409.1 
* 1511.8 
' 1752.8 
* 1283.8 

% High 

18.9 * 22.0 
25.3 * 30.0 

% Moderate 

47.7 * 27.7 
' 36.7 * 23.2 

% Light 
I 

33.4 i 28.6 
1 

38.0 i 25.9 

Light 
(min) 

1771 .O 
* 1663.0 
1943.7 

i 1635.9 

Total PA 
(min) 

521 5.9 
1948.7 

5 195.8 
2031.1 

Days PA 
(#) 

62.3 
13.1 

62.0 
9.8 
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4.5.3 Cornparison of Subjects Diffenng on Frequency of Physieal Aetivity Participation 

To examine the possible role of frequency of participation in physical activity (Days 

PA) on masures of RT1 illness, duration and severity, subjects were classified as low (Days 

PA s 4 days'wk) or high @ays PA > 4 dayslwk) fiequency participants based on their weekly 

average number of days of physical activity. For low and high fiequency groups, mean total 

d u e s  for duration of time spent in high, moderate and light intensity activities, duration of 

al1 physical activities and days of physical activity are summarized in Table 18. The 

percentages of time spent in high, moderate and light intensity activities are summarized in 

Table 19. Measures of RTI illness, duration and severity for low frequency and high 

frequency groups are summarized in Table 20. 

Differences between groups of subjects classified according to frequency of 

participation yielded similar results as for the companson of subjects classified as low and 

high active (Tables 1 1, 13-14). However, the high frequency group spent a significantly 

lower permtage of t heir activity time perfomiing moderate intensity activities compared to 

the low frequency group (F= 1 7.1, df- 1, p<0.00 1). The reason why the anaiysis of groups 

according to fiequency of activity gave hdings similar to t hose according to p hysical activi ty 

can be explained by the high correlation (~0.67, p<0.01) between total duration of ail 

physical activities and total days of physical activity. As well, approximately 76% of the 

subjects who were in the low frequency group were also members of the low active group 

(Table 12). and 90% of the subjects in the high fiequency group were members of the high 

active group. It would be redundant to present these data in greater daail. 



Table 18. Duration of high, moderate and Iight intensities of physical activities, total 
duration of a11 physical activities and total numbcr of  days o f  physical activity (Days 
PA) measureâ over 77 days for low fnquency (14M, 23F) and bigh frequency (37M, 

- - - .- - - - - - - - - 

a Low Frequency (average frequency of pa%Apation s 4 daydwk). 
Wgh Frequency (average frequency of participation > 4 daydwk). 
' p<0 .O 1, effect of group. 
* p<0.00 1, effect of group. 
' p=O.OS, effect of group. 

471;) groups. Values a n  means 1 SD. 

Table 19. The percentage of time spent in high, moderate and light intensities of 
physical aetivities measured over 77 days Tor low frequency (14M, 23F) and high 

Frequency 
Group 

Low a 

High 

frequency (37M, 47F) p;roups. Values are means * 1 SD. 

High Frequency (average frequency of participation > 4 daydwk). 
' p<0.00 1, effect of group. 

px0.0 1, effect of group. 

Days PA 
(#) 

3 5.2 
* 7.8 

64.2 
* 8.7 

High 
(fin) 

418.8 
* 675.0 

' 1194.8 
* 1786.7 

Frequency Group 1 % High 1 % Moderate 

High 

% Light 

Moderate 
(min) 

1441.4 
3t 1140.3 

' 1881.2 
* 1393.5 

d 

a Low Frequency (average frequency of participation s 4 daydwk). 
21 .O * 24.6 

Light 
(fin) 

5 13 .O 
* 510.1 

* 1966.9 
* 1555.1 

' 38.6 * 23.1 

Total PA 
(min) 

2373.2 
* 1046.2 

5043 .O 
* 2096. O 

*40.5 I 26.3 
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Table 20. Number of RTI episadcs (TE), total sum of symptoms (TSS), daily rating of 
health (Dm), duration per RTI episode (TDUTIE), number of symptoms per RTI 
episode (TSSIIIIE), daüy rating of halth in illnas (DRHI) measurd over 77 days for 
low fmqucacy (14M, 23F) and high fnquency (37M, 47F) groups. Valua are means 

1 SD. 
- - 

DRHI 
(rating) 

b High Frequency (average frequency of participation > 4 daydwk). 

' Sick subjects (excludes subjects with T E  = 0). 
pC0.05, main effect of group. 
' p<0.0 1, effect of group. 

- -  - 

Frequency Group 

'Health Scale (I=not sick, '=feeling slightly off, 3=some symptoms of illness, normal routine 
is slightly upset, 4=definite change in normal routine, severe or several symptoms expenenced 
and S=very sick, severe symptoms experienced, time off schooVwork extra rest needed, 
taking medication/prescnption dnigs). 

a Low Frequency (average frequency of participation 5 4 daydwk). 

Low' 

Highb 

T E  
(#) 

1.4 
O 

1.7 
+ 0.7 

1.6 
* 1 O 

1.8 
* 0.8 

Al1 Subjects 
(14M,23F) 

Sick Subjectsc 
(lOM, 20F) 

Al1 Subjects 
(37M, 47F) 

1 

Sick Subjectsc 
(32M. 40F) 

TSS 
(#) 

43.6 
*29.0 

50.4 
* 27.2 

'70.8 
* 5 1.2 

'77.9 
* 49.6 

TSSYTIE 
(# per 

episode) 

20.6 
* 18.4 

25.4 
* 17.1 

*33.1 
* 30.1 

38.7 
* 28.9 

DRH 
(rating) ' 

1.3 
* 0.2 

1.3 
* 0.2 

1.4 
zt 0.3 

1.4 
* 0.3 

TDVTE 
(days per 
episode) 

7.7 
* 6.0 

9.4 
* 5.3 

* 11.2 
* 8.2 

13.0 
* 7.4 



CHAPTER 5.0 

DISCUSSION 

5.1 BASELINE CHARACTERISTICS OF THE SAMPLE 

The subjects used in the current study were not typical of sedentary adult Canadians 

19 years of age. However, normal gender differences were seen with respect to 

anthropometnc and fitness characteristics. 

Males were taller, heavier and more aerobically fit than females at baseline (Table 1 ). 

Males also possessed lower sum of skinfolds. 

The Rockpori Fitness Walking Test, the method used to predict V02 max in the current 

study, was show to over predict VO, max by 1 6% to 1 8% in males and by 22% to 23% in 

females (Dolgener et al., 1994). M e r  correcting for the error in prediction, males in the 

present sarnple averaged 54.8 rnl*kg%nid and females 44.4 rnl*kg%nin-' . The aerobic fitness 

levels are weil above the Canadian average for their gender and age. According to the 

Canada Fitness Survey II, males and femaies, aged 20 to 29 yean, averaged 46.3 ml+kg'l-min'' 

and 34.9 rnl*kg-'-min", respectively (Stephens, Craig and Fems, 1986a). The fitness of the 

current sample may reflect an above average level of physical activity or it may reflect 

differences in the accuracy of submaximal tests used to predict VO, max. 

Seventy five percent of the subjects reported at least one RTI in the eight weeks pnor 

to the midy (Table 2a). The reported average number of episodes was 1.7 per person in the 

eight weeks prior to the study and duration per RTI episode (6.9 days) was not significantly 

dinerent between genders (Table Za). The duration of a typical cold was approximately one 
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week (Couch et al., 1984). The number of RTI episodes reported in the eight weeks prior 

to the %art of the study appears high. Schouten et al. ( 1 988) reported that males and females 

averaged 1.3 episodes in a six month period. It is difficult to determine the contribution, if 

any, of subject error to incidence reponed. Earlier studies suggest that accuracy of recall is 

high when specific events are recalled over shon penod (Ainsworth et al., 1994). Immune 

hction may be reduced due to alcohol use, reduced amount of sleep a d o r  late Nghts and 

exposure to relatively large numbers of persons at parties or dunng travel associated with the 

students' retum to university or pre-study freshman-week activities and Christmas and New 

Years holidays. 

Approximately 85% of the males and females consumed alcohol dunng the eight 

weeks prior to the stan of the study (Table 2b); this was not unexpected since 98% of the 

sarnple was of legal drinking age. Engs and Hanson ( 1994) reported that 80% of US college 

students consumed alcohol at least once a year. Similar percentages for subjects consurning 

at least one alcoholic beverage over one year were reponed in Svenson, Jarvis and Campbell 

(1 994). 

Male subjects drank more aicoholic beverages than female subjects (Table 2b). This 

gender ciifference has been previously documented (Engs and Aldo-Benson, 1995; Engs and 

Hanson, 1 994; Svenson et ai, 1 994). Male subjects consumed fewer alcoholic beverages t han 

the male students audied in Engs and Aldo-Benson (1995) (10.1 vs 15.7 drinkdwk). 

However, females in the current audy reponed drinking almost the same volume per week 

as students in Engs and Aldo-Benson (1 995) (7.1 vs 5.5 drinks). 

There were twice as many women as men who smoked (9 vs 5 subjects) during the 
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eight weeks prior to the study (Table 2b). This is typical for males and females up to 19 years 

of age (MiUer and Beaudet, 1996). The percentage of the sarnple who smoked (1 1.6%) and 

the number of cigarettes consumed weekly (3.3 cigarettes for men and 1.4 cigarettes for 

women) were low. in 1994, approximately 3 1% of Canadians of this age were smokers, and 

among smokers, 25% smoked daily and 5% smoked occasionaily. 

Although not statiaically significant, over the eight weeks prior to the study, males 

were more physically active t han females averaging 1 0.3 hrlwk compared to 8.1 hr/wk 

(Table 2b). This gender difference in physicai activity participation is typicai (Miller and 

Beaudet, 1 996). 

Fi@-six percent of the subjects lived on-campus and 78.5% lived with a roornmate 

(Table 2c). Because social contacts contribute to increased illness rate (Badger, Dingle, 

Hodges, Jordan and Rammelkamp, 1953), it was hypothesized that subjects living with a 

roommate, and subjects living on-campus may experience more RTI than those living aione 

or off-campus. However, a 2 x 2 factorial ANOVA showed that there were no significant 

main & i s  of campus or roornmate on number of RTI episodes per person or duration per 

RTI episode (results not shown). There were no interactions of campus by roommate on 

mean number of RTI episodes and duration per RTI episode either (results not shown). 

5.2 LIFE-STYLE DURING THE STUDY 

Lifèstyle variab1es such as alcohol consumption (Watson et al., 1994; Engs and Aldo- 

Benson, 1999, smoking (Cohen et al., 1993) and sleep (Fry et al., 1992; Invin, Smith and 

Gillin, 1992) as well as psychological stress (Cohen et al., 199 1 ; Graham et al., 1986; Stone 

et al., 1995) can influence health. Although not of primary interest, these variables were 
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monitored using the physical activitynieath diaries to determine what relationship they rnight 

have with RTI illness, duration and severity. Attendance at bars, parties or socials was also 

monitored, since fiequency of attendance may have a negative impact on health. 

During the 1 I weeks of the study, almost ail of the subjects (98%) consumed at least 

one alcoholic beverage and, on average, visited bars, parties or socials 1.5 times per week. 

Forty percent of the subjects smoked al least one cigarette dunng this period. For those who 

drank, the number of alcoholic beverages consumed averaged 8.2 drinks per week, and for 

those who smoked, the number of cigarettes consumed averaged 9.5 per week. 

The amount of alcohol consumed, the frequency of attendance at bars, parties and 

socials and the number of cigarettes smoked did not correlate with any of the selected 

measures of RTI illness, duration or severity (Table 3). The arnount of reponed sleep did not 

correlate with any of the illness variables, possibly because subjects uniformly averaged nearly 

eight hours of sleep per day. Daily ratings of stress showed low but significant correlations 

with the duration per RTI episode, daily health rating and total sum of symptoms (Table 3). 

Given the stress scale used, the daily rating of stress was minimal. 

Total of daily stress ratings and total hours of sleep were negatively correlated 

(r=-0.24). Total number of alco holic beverages consumed and cigarettes smoked were 

positively correlated (r0.37), suggesting that drinking and smoking were linked habits. In 

suppon of this observation, attending a bar, party or social was positively correlated with 

both cigarettes (~0.32) and alcohol (r=0.64) consumption. 

5.3 PHYSICAL ACTIVITY DURING THE STUDY 

Resuhs of the Canada Fitness S w e y  1 (Stephens, Craig and Fems, 1988) indicated 
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that 50% of males and 6 1 % of females, aged 20 to 29 years, could be considered sedentary. 

Only 3 1.5% of males and 2 1.4% of fernales could be considered to be physically active. The 

subjects in the current study were physical education majors and were considerably more 

physically active than their age-group peers. 

Males averaged 447 minutes per week (87 midday. 5.1 daydwk) and females. 33 8 

minutes per week (68 rnidday, 4.9 daydwk) while attending university (Table 4). These 

values included sporting and non-sport hg activities and aerobic and anaerobic activities. B y 

cornparison, Schouten et al. (1 988) determined fiom a questionnaire that males and females 

participated in 109 minutes and 96 minutes, respectively, of sporting activity per week. No 

previous study investigating the relationship between physical activity and RTI collected 

detailed information about the extent of their subjects' activity participation throughout the 

entire day. 

The correlations presented in Table 6 indicated that some of the measures or 

dimensions of physical activity were independent. This would imply that the frequency, 

duration and intensity of participation in activity should be separately asseaed. Less than 

30% of the variation in total minutes of physical activity was accounted for by knowledge of 

any one of the three levels of perceived intensity. To date, no previous study exarnining the 

reiationship between physical activity and RTI has fully dexribed these aspects of activity 

involvement of their subjects. This, in tum, may have lead to some of the uncertainty as to 

what levels of activity are immune-enhancing and which are immune-suppressing. 

Previous studies and activity suweys indicate that males are more heavily involved in 

physical activity than females (Brooks, 1987; Miller and Beaudet, 1996; Schouten et al., 
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1988; Stephens, Craig and Ferris, 1986b). These gender differences were evident in the 

present study (Table 4 and Table 5). Males spent significantly more time in activity, but 

males and females did not differ significantly with respect to f'requency of participation in 

physical activity. Females spent 43% of their physical activity time in light intensity effort, 

whereas males spent 27%. Males, however, performed correspondingly longer durations of 

moderate and high intensity activities. Longer durations of activity involvernent and 

preference for higher intensities may reflect the males' higher level of aerobic fitness 

(Table 1). which in tum rnay be a result of social-cultural expectations and attitudes towards 

spon, exercise and physical activity. 

5.4 RTI ILLNESS, DURATION AND SEVERITY DURING THE STUDY 

The present study used RTI symptoms to confirm and descnbe RTI illness, duration 

and severity. The number and type of symptoms used to define the occurrence of an RTI 

episode were sirnilar to those utilized by Weidner ( 1994) and Gwaltney, Hendley, Simon and 

Jordan (1967). The duration of RTI illness has been reponed in several audies (Graham et 

al., 1986; Gwaltney et al., 1967; Linde, 1987; Nieman et ai., 1 WOa; Peters and Bateman, 

1983; Schouten et el., 1988), but few have investigated severity of RTI (D'Alessi0 et ai., 

1976; Douglas and Hanson, 1978). Differences in measunng or defining RTI illness, age, 

gender, health and fitness status, length of observation and time of year (season), as well as 

the ümiced number of midies reporting on different measures of RTI illness, make it difficult 

to compare results from one study to another. 

The current audy is unique for several reawns. RTI was characterized not only in 

tnms of fiequency, but also in terms of duration and seventy (Section 3.4). Identified RTI 
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episodes were confirmed by telephone inteniew with the subjects (Section 3.4.1) and the 

duration of observation was sufficiently long to examine the relationship between habitua1 

physical activity participation and subsequent illness. 

5.4.1 Symptoms o f  RTI 

Subjects in the current midy used a checklist to report the presence or absence of 12 

symptoms on a daily basis. These daily symptoms were totalled over the I l  weeks of 

observation for each nioject. The greatest proportion of symptoms were cold-related (78%; 

Figure 1). Among the 12 RTI syrnptoms, the six most frequently reported were n i ~ y  nose, 

coughing/sneezing, fatigue, sore throat, sinus congestion and aching muscles and joints. 

Fever comprised less than 2% of the reported symptoms. By cornpanson, Weidner (1994) 

adrninistered a validated syrnptom checklist and a questionnaire to 165 male and 125 female 

coilegiate athletes on three occasions. Arnong 14 possibie RTI symptoms, coughing, fever, 

laryngitis, aching muscles and joints and nasal discharge were consistently reported by the 

subjects as being problematic. In a second study, Gwaltney et al. (1967) examined the 

incidence of rhinovirus infection in a group of young adults over 22 months using syrnptom 

cards that were distnbuted every 14 days. Among 16 possible symptorns, mmy nose, nasal 

obstruction, hoarseness and cough occurred more fiequently. Fever, an oral temperature of 

2 99.6 OC, was present in less than one percent of al1 cases. In a third study, Linde (1987) 

required onenteers and controls to complete daily symptom diaries over one year. The 

common cold accounted for 74% of the RTL Influenza (1 1.6%), tonsillitis (8.7%). sinusitis 

(4.00!), bronchitis (1.2%) and otitis media (0.5%) comprised the rest. Thus, the nature and 

frequency of symptoms reponed in the current study were in general agreement with the 



results of earlier studies. 

5.4.2 Incidence of RTI 

The average number of RTI episodes d u ~ g  the 1 1 weeks of observation was 1 . 5 per 

person, with no difference in incidence between men and women (Table 8). Only 16% of the 

sample did not experience an RTI episode, a value similar to the 14% reponed by Strauss et 

al. (1988) over 8 weeks. In Schouten et al. (1988), 27% of the subjects did not expenence 

an RTI illness episode during a three month retrospective penod. Lee et al. (1992) reported 

that 71% of their anny cadets did not experience RTI during six weeks of basic training 

(which began in May). 

Pyne et al. (1988) compared RTI illness rates in male and female elite swimmers 

(n=12) and controls (n= 1 1). aged 18.6 years, over 12 consecutive weeks (January to March) 

using a questionnaire and a team physician to diagnose RTI episodes. The average incidence 

of RTI was 1.1 episodes per person, with no significant difference between the swimmers and 

controls. Over 15 weeks of observation (mid-January to midoMay), the RTI incidence 

averaged 1.1 episodes per person for rniddle aged women who were randomly assigned to 

either a rnonitored moderate exercise group (n=18) or a sedentary control group (N=18) 

(Nieman et al., 1 990b). 

The incidence of RTI may vary fiom snidy to study, as well as season to season, 

because of differences in the frequency and virility with which RTI viruses are found within 

the population and the exposure of an individual to the virus fiom year to year (and season 

to season) (Pennisi, 1995). Autumn and rnid-spring to summer are the predominant seasons 

for rhinovinises, while the winter is the predominant season for coronaviruses, enteroviruses 
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and influenza viruses (Heath et al., 1992; Weidner, 1994). Peak RTI illness occurred in 

September, but was iowest in December (Gwaltney et al., 1966). They also noted a second, 

but lower peak of RTI illness in January, followed by a low in March or April. 

5.4.3 Duration of RTI 

The average duration of an RTI episode was 12 days (Table 7), with a range of two 

to 37 days. These data were similar to values reported by Gwaltney et al. (1 967) who 

measured RTI symptom fiequency and duration in an industrial population using symptom 

cards that were distributed every 14 days for 22 months. These authors reported an average 

RTI duration of 8.9 days and a range of one to 33 days. Linde (1987) reponed RTI episodes 

that lasted 7.9 days in orienteers and 6.4 days in sedentary controls; these durations were not 

significantly different. Nieman et al. (1 WOb) reponed that middle aged women assigned to 

a moderate intensity exercise group experienced si@cantly fewer days per RTI episode with 

symptoms compared to women assigned to a control group (3.5 days vs 7.0 days. 

respectively). It is unclear whether the "symptom daydRT1 illness episode" reported by 

Nieman et al. (1990b) reflected the total duration of an RTI episode or whether it reflected 

"symptomatic days" during illness. In the curent study, subjects experienced symptoms, on 

average 1 1.3 days of 12 days per RTI episode (results not show). 

Fifly-seven percent of the sample experienced RTI symptoms lasting longer than seven 

days (results not show). This percentage compares favourably to Schouten et al. (1988). 

who found that SV! of their subjects experienced RTI symptoms for more than six days per 

RTI episode. 

In the present study, the average duration of an RTI episode may have been reduced 
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by the inclusion of subjects who already had an RTI illness when the study began (ie., subjects 

who were il1 within two days of the start of the study) and subjects who were experiencing 

an RTI episode when the study ended (ie., subjects whose daily dianes did not show three 

consecutive symptom free days by the end of the nudy). The average duration of an RTI 

episode was compared between subjects whose RTI episode(s) rnay have been affected by the 

start and/or end of the study to those whose RTI episode(s) were unaffected by the start or 

end of the study. Results showed that the average duration of an RTI episode was not 

significantly different between Sected and unaffected subjects. Hence, the duration of an 

RTI episode was not affected by the arbitrq start or end of the study and the typical duration 

of an RTI was not likely greater than 12 days. 

The criteria used to determine iUness onset and termination varies from study to study . 

A h ,  the number of days syrnptoms have to be present varies from one study to another. For 

exampie, an illness began when subjects coded for cold or flu symptoms for two consecutive 

days in their syrnptom diaries (Nieman et al., 1 WOa; 1993). By compa.rison, Linde (1987) 

only used cases where RTI symptoms were present for a minimum of t hree days, and Graham 

et al. (1986) required that a minimum of two symptoms to be present for 24 hours, or one 

syrnptom, for 48 hours to define an RTI episode. A cornrnon cold was defined by Osterback 

and Qvarnberg (1987) when a child experienced any RTI syrnptom for at least three days or 

when al1 symptoms were present simultaneously for one to two days. A new RTI episode 

was said to occur when subjects experienced one week with no syrnptoms (Nieman et al., 

1990a; Linde, 1987). Like the present study, Graham et al. (1986) required three consecutive 

nonsyrnptomatic days to separate RTI episodes. Osterback and Qvarnberg (1 987) did not 
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speciQ criteria for determinhg when an RT1 episode was considered over and when a new 

episode comrnenced. For episodes in which symptoms gradually subsided, the likelihood of 

experiencing an RTI symptom is increased when monitoring numerous RTI symptoms; this 

would tend to prolong the duration of RTl in these episodes. 

5.4.4 Severity of RTI 

Only a handfil of studies have attempted to examine illness seventy. Douglas and 

Hanson (1978) asked subjects to rate RTI symptom seventy using a vdidated checklist, but 

did not report the values for their subjects' symptom ratings. Studies by D'Alessio et al. 

(1976) and Weidner et al. (1994) asked subjects to rate symptoms as mild, moderate or 

severe. Weidner et al. (1994) did not report ratings due to a lack of subject responses for 

symptom severity ratings. D'Alessi0 et al. ( 1 976) showed that eight of 1 3 (6 1 %) virus donors 

who reponed moderate to severe colds transmitted rhinovinis, whereas only one of the 

remaining 1 1 donors with mild to no symptoms transmitted virus, thus suggesting that RTI 

virus transmission (ie., infection) rates were associated with more severe ratings of seventy. 

The average rating of symptom severity of the donors was mild to moderate on a scale of zero 

to three (O=no symptoms, 1 =mild, 2=moderate, 3=severe). 

In the current study, subjects were asked to rate their level of health on each day of 

the 77 day penod of observation. The rating of health averaged 1.3 per day (Table 7), but 

this average included days when no illness was experienced and included subjects who never 

became ill. The rating of health in iliness was based on only subjects who experienced illness 

and included only those days which were part of a defined RTI episode. Nevertheless, the 

average daily rating of health in illness was 2.1 (Table 7), indicating a perception of low 



severity of illness. 

5.4.5 Gender 

Few studies have reported on gender differences for RTI. Some studies found 

significant differences between genders (Graham et al., 1986; Osterback and Qvamberg, 

1987). while others did not (Berglund and Hemrningson, 1990; Gwaltney et al., 1 966; Nieman 

et al., 1989; 1990b). Gwaltney et al. (1966) reponed that average number of RT1 episodes 

did not differ between males and females (2.2 vs 2.4 episodedperson, respectively) over 

approximately 30 months. Berglund and Hernmingson (1990) aiso found that male and 

female cross-country skiers experienced the same number of RTI episodes (2.2 

episodedperson) over one year of observation. Self-report questionnaires showed that the 

incidence of RTI during two month penods pnor to road races (Nieman et al., 1989) and the 

Los Angeles Marathon (Nieman et al., 1990b) were not significantly different between males 

and females. In contrast, using telephone in te~ews  Osterback and Qvamberg (1987) 

showed that girls and boys, aged 12 years, diflered with respect to the number of RTI 

episodes (3 .O vs 2.3 per person/year, respectively). Graham et al. (1 986) also found that 

feniales experienced sigruficantly more RTI episodes than males (2.7 vs 1.8 per person) over 

a six month period. 

In the cument study, there were no signifiant gender differences for masures of RTI 

illness, duration or severity show in comparisons including al1 5 1  males and 70 females 

(Table 8). The results of the current study do not support the findings of previous studies 

(Graham et al., 1986; Osterback and Qvamberg, 1987) which suggeaed that females may be 

more susceptible to RTI; also, these results indicate that males and females may expenence 
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similar severity and duration of RTI. 

Females may be more susceptible to RTI's than males because of greater exposure 

to cold and flu viruses brought home by children. Children bnng home more infectious 

disease than either parent (Badger et al., 1953). Since women spend more time at home with 

children compared to men (Gwaitney et al., 1966), this may explain the higher incidence of 

RTI in women in some studies. 

Another explanation for male-female differences in RTI illness may be due to 

dEerences in their participation in physical activity (Table 4 and Table 5). The maies' pattern 

of participation in physical activity may be more appropnate for enhancing immune function 

compared to the females'. The females in the current study expenenced slightly more RTI 

episodes than males (Table 8). perhaps as a result of the females spending less total time 

performing physical activity and/or spending a significantly greater percentage of their time 

in light intensity activities (and subsequently, less time in moderate and perhaps high intensity 

activities) compared to males (Table 4 and Table 5). Generally, persons who spend high 

percentages of their physical activity time in light intensity activity expenence more RTI 

episodes (Table 9); conversely, the greater the percentage of total physical activity tirne spent 

in moderate intensity activity the fewer the number of episodes (Table 9). As well, females 

were significantly less aerobically fit compared to males (Table 1). Fitness may ais0 be a 

signifiant predictor of RTI susceptibility for males and females (Nieman et al., 1 WOa; 1993). 

Future research should consider differences in physical activity and aerobic fitness of males 

and females when explainhg gender differences in RTI. 
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5.4.6 Reporting RTI iilness, Du ration and Severity 

Previous studies provide information on measures of RTI for their entire sample. 

Unfortunately. they failed to describe illness by excluding individuals who did not get sick. 

Reported mean values for ffquency, duration and severity of RTI will increase when subjects 

who do not acpnience illness are excluded. These means are important when describing the 

true frequency, duration and severity of RTI illness in specific groups of interest. 

5.5 THE RELATIONSHIP BETWEEN PHYSICAL ACTMTY AND RTI 

The present study u d  a prospective observational design in which subjects' physical 

activity and illness patterns were monitored. This type of design has been used previously by 

Heath et al. (1991) and partially by Nieman et al. (1990a; 1993) who monitored RTI 

syrnptoms in log books, but not physical activity Nieman et al. ( 1990a; 1993), since subjects 

perforrned a specific program of activity under the observation of the investigators. 

Researchen have typically classified subjects into vanous groups based on weekly or 

yearly NMing volume (Heath et al., 1 99 1 ; Nieman et al., 1989; Nieman et al., 1990b; Peters 

and Bat- 1983; Peten et al., 1993). Researchers have also classified subjects according 

to degree of Rïï iiiness. For example, subjects have been classified according to the presence 

or absence of RTI, or RTI syrnptoms (Peters and Bateman, 1983; Schouten et al., 1988b). 

One purpose of the current study wzs to examine the relationship between the 

masures of physical activity and RTI. Thus groups of subjects differing in physical activity 

participation patterns or degree of illness were compared. 

5.5.1 Cornparison of Subjects Differing on Total Physical Activity 

Previousiy, Schouten et al. (1 988) observed no significant correlation between either 
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total physical activity per week (measured in METS) or total sporting activity per week 

(measured in METS or minutes) and total incidence of RTL The results of the current study 

are in agreement - the total duration (minutes) of al1 physical activities, including sporting and 

non-sporting activities, was not correlated with total incidence of RTI (Table 10). 

The total amount of time spent being physically active per se rnay not affect 

susceptibility to RTI illness, rather the duration (minutes) or percentage of time spent 

performing a specific imensity of physical activity or combinations of intensities may be more 

critical. The current study was unique in that it reported on the relationships between total 

of al1 physical activities, and durations of physical activity perceived as high, moderate and 

light intensity, with measures of RTI illness. The percentage of total activity time spent in 

light intensity activity correlated positively with number of RTI episodes (r=0.20), whereas 

the percentage of total aaivity time spent in moderate intensity activities codateCf negatively 

( ~ 0 . 2 2 ) .  The net effect when an individual participates in both light and moderate intensity 

activities may be to cancel out a negative influence with a positive influence. These 

countering iduences rnay explain why there was no correlation between total duration of al1 

physical activities and number of RTI episodes. 

The J-curve hypothesis (Nieman, 1994a) suggests that chronic, rnoderate levels of 

physical activity rninimizes the nsk of acquiring an RTI illness compared to lower levels of 

activity (ie., sedentary life-style) or higher levels of activity. However, Nieman's own study 

on the elderly (Nieman et al., 1993) found that a highly active group had the lowest 

percentage of subjects who reponed at least one RTI illness episode over 12 weeks (8%); a 

moderately active group had a 22% incidence rate and a control group, which performed 
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calisthenic exercise, had the highest rate, 50%. Probably, the regimen of physicd activity 

prescribed (ie., 30-40 rninlday, 5 daydwk at 60% heart rate reserve) over 12 weeks may not 

have been sufficiently long or intense to enhance immune function to the extent that observed 

in the highly active subjects. Nevertheless, the moderate active group had a lower incidence 

of RTI compared to the calisthenic control group. One question that rernains unanswered is 

does moderate activity participation enhance immune function, or does calisthenics andor 

sedentary life-style worsen immune function? 

Other midies of older populations suggest that moderate intensity activity may reduce 

the incidence of Rn. For example, 50-60 min of exercise at 60Y0 max hem rate, three days 

per week, for nine to 12 months reduced the incidence of RTI (compared to the previous 

year) in 12 of 14 subjects, aged 60-72 years with moderate training (Karper and Boschen, 

1993). In a second study, 50% of the subjects aged 63 to 7 1 years, reduced their incidence 

of RTI from the previous year (Karper and Goldfarb, 1994). In contrast to these studies on 

the elderly, exercise training did not have an effect on RTI illness rates in children over one 

year (Osterback and Qvarnberg, 1987). The incidence of RTI was not significantly different 

between a group who were active 3.2 days per week and a group who averaged only 0.5 days 

of activity per week. Nieman et al. (1 WOb) showed that moderately exercised middle aged 

women improved immune function, but did not differ significantly fiom a sedentary control 

group with respect to number of RTI episodes in 15 weeks (1.0 vs 1.1 per penon, 

respeaively). F i y ,  Pyne et al. (1995) did not find a significant difference in the incidence 

of Rn between swimmers (1.3 episodes/person) who underwent 12 weeks of intense training 

and sedentary controls (1 - 1  episodedperson). 
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In the current study, the incidence of RTI illness was not significantly different 

between subjects classined as either low active (eom 66 min to 272 min1 week) or high active 

(from 273 to 1004 midweek) (Table 11). These two groups differed significantly with 

respect to time spent perfoming light, moderate and high intensity activities, total duration 

of al1 physical activities and total days of physical activity (Table 13). However, they did not 

differ in the percentages of total activity time spent performing high, rnoderate and light 

intensity activities (Table 13). Thus, the incidence of RT1, over nearly three months of 

observation, did not differ among groups which averaged 3.2 hdwk and 7.9 M w k  of activity, 

when approximately 81% of the activity time was spent in light and moderate intensities 

(Section 4.3). 

A 2 (gender) x 2 (activity group) factorial ANOVA showed that the main effect of 

gender for number of RTI episodes per person approached significance. However, after 

covaryi ng for the percentage of total activity time devoted to participation in moderate 

intensity activities, the significance of the main effect of gender was considerably reduced. 

Hence, modest differences in the number of RTI episodes between males and females were 

explained by the fact that males spent a greater percentage of their total activity time 

performing moderate intensity activities. 

Schouten et al. ( 1 988) investigated the relationship between weekly energy 

expenditure (METS) and days with RTI symptoms. In that study, no significant correlation 

was shown between total weekly energy expenditure and symptom days for either women or 

men. However, a signifiant but negative correlation with symptom days (r=-0.18) was seen 

for females, but not for males, when total activity was expressed as METS/wk. 
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In the current study, the high active group experienced a greater average duration of 

RTI illness ( 1  1.4 daydepisode) compared to the low active group (7.7 dayd episode) 

(Table 14). In contrast, using middle-aged women, Nieman et al. (1990b) reported that 

sedentaq controls expenenced significantly more symptom days per RTI episode than 

moderately exercised subjects (7.0 vs 3.5 daydepisode). It could be argued that the subjects 

in the low active group were moderately active since they averaged 51 min of physical 

activity, 3.7 days per week. The fact that the current study suggests that greater levels of 

physical activity rnay prolong RTI iüness, whereas Niernan et al.'s (1990a) results suggest that 

greater amounts of physical activity reduce illness duration may provide support for the J- 

curve hypothesis, or it may indicate that physical activity has an impact on illness duration that 

depends upon a person's age, gender and fitness level. 

Each day of the study, subjects rated their overall illness on a scale ranging fiom one 

to five. A rating of one corresponded to "not sick" and a rating of five corresponded to "very 

sick." No ot her study has exarnined the relationshi p between physical activity participation 

and seventy of illness in this manner. There was a significant correlation ( ~ 0 . 2 1 )  between 

total duration of light intensity of physical activities and daily rating of health (Table IO), 

indicating that individuais who accumulateci greater durations of light intensity activities rated 

their health as poorer. No other correlations between daily rating of illness and minutes of 

aaMty performed were signiIicant except for a significant negative correlation (r=-0.20) with 

the percentage of time spent in moderate intensity activities (Table 10). This relationship 

implies that at least within the range of activities observed, a higher level of h d t h  was 

perceived when individuals spent more of their total physical activity time perfbnning 
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activities perceived to be of moderate intensity. D' Alessio ( 1976) reported that subjects with 

the highest ratings of symptom severity had the greatest rhinovirus transmission rates 

compared to subjects with moderate to mild ratings of syrnptom seventy. 

A cornparison of average daily rating of health for subjects who experienced one or 

more RTI h e s s  episodes suggested that high active subjects had higher ratings of illness (ie., 

poorer health) than low active aibjects (Table 14). Only one other study reponed on seventy 

of RTI symptoms and physical activity (Douglas and Hanson, 1978). In this study, 

conditioned rowers had more severe and more frequent RTI syrnptoms compared to 

unconditioned ROTC cadets. These syrnptoms included stu@ nose, cough, malaise, 

laryngitis, aching muscles and joints and watery or burning eyes. Nasal discharge and sore 

throat were considered more severe in rowers compared to cadets, but were not more 

frequently experienced. However, the methocl of rating symptom severity was not mentioned. 

In summary, compared to the low active group, the average duration of illness, the 

average number of syrnptoms expenenced per RTI episode and the 77 day total sum of 

syrnptoms were aü significantly greater in the high active group. The mean of RTI episodes 

was not significantly different between low active and high active groups. Since, the number 

of syrnptoms experienced per RTI episode is a fùnction of episode duration, the greater 

number of syrnptoms seen in the high active group may be explained, in part, by the additional 

3.7 days of illness. However, the low average daily rating of health in illness (1 -8 units) 

indicated a low level of illness severity in the high active group; moreover, the mean daily 

ratings did not differ between activity groups. The data suggest that longer durations of 

illness, greater numbers of RTI symptoms may be encountered by high active individuals. 
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5.5.2 Cornparison o f  Subjects Differing on Total Number of Symptorns 

In an attempt to explain why there was so much variability in the high active group 

compared to the low active group for some measures of RTI duration and seventy, 

individuals in the high active group were classified as either high (TSS s 59, n=40) or low 

(TSS i 60, n=43) symptom mernbers using the median number of total sum of syrnptoms for 

the high active subjects. The numbers of subjects in the high and the low symptom groups 

were similar. The high symptom subjects experienced more severe illness than the low 

symptom subjects since mean number of RTI episodes, duration per RTI episode, number of 

syrnptoms per Rn episode, total surn of syrnptoms, daily rating of health, and daily rating of 

health in illness were significantly greater in the high syrnptom group (Table 15). 

It was hypothesized that the variability seen in the measures of RTI illness, duration 

and severity in the high active group could be explained by the way in which subjects spent 

their physical activity time. The high and low syrnptom groups did not differ significantly 

with respect to average total duration of participation in physical activities and average total 

number of days of physical activity (Table 16). The range for total duration of al1 physical 

activities was similas in low (range=3 1 1 1 to 1 1034 min) and high (range=26 10 to 10720 min) 

symptom groups. Nevertheless, subjects showed several differences in how they spent their 

activity tirne. Subjects in the low syrnptom group spent significantly more time in moderate 

intensity adVities and less One in high and light intensity activities (Table 16). Additionally, 

the percentage of time spent in moderate effort activity was significantly greater in the low 

syrnptom group and correspondingly, the percentage of time spent in high and low intensity 

effort was lower (Table 17). The results thus suggest that arnong high active individuals, 
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those who spend greater amounts of t h e  performing moderate intensity activity, or a greater 

percentage (248%) of total activity time in moderate activity, experience fewer, shorter and 

less swere RTI illness episodes than individuals spendiig more time in light and high intensity 

activities. 

Several studies have reported an association between moderate exercise and a 

reduction in RTI incidence. duration and related symptoms in elderly subjects (Karper and 

Boschen, 1993; Karper and Gddfarb, 1994; Nieman et al ., 1993) and in middle-aged women 

(Nieman et al., 1990b). The shoner durations of RTI episodes was thought to be a result of 

increased immune function wit h moderate exercise training (Nieman et al., 1 WOb). High 

intensity activity, on the other hand, peiformed on an acute (Nieman et al., 1990b; Peters and 

Bateman, 1983) or chronic basis (Douglas and Hanson, 1978; Heath et al., 199 1; Linde, 

1997; Mackimon et al., 199 1) may increase RTI susceptibility and duration, possibly as a 

result of negative immunomodulation (Mackinnon et al., 199 1 b). However, other studies do 

not provide support for a difference in RTI illness between exercisers engaging in moderate 

intensity activities and those participating in more vigorous exercise (Nieman et al., 1989; 

Nieman et al., 1993; Osterback and Qvarnberg? 1987; Pyne et al., 1995). 

Possibly, the discrepancies reponed in the literature may be explained by the way in 

which individuals spend their activity time. Although subjeas in the cunent study were self- 

selected, thus limiting the ability to make definite conclusions with respect to the effect of 

physical actjvity on RTI, this study showed that it is possible to be relatively highly physically 

active and still have a relatively low susceptibility to RTI, low numbers of RTI symptoms and 

shorter episodes, with fewer symptoms. Overall, highiy active individuais who spend about 
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50% of theù a~tinty fie engaging in moderate intensity activities, have the most favourable 

RTI profile; the number of RTI episodes was significantly lower in these subjects compared 

to less physically active, low active group members and equally physically active, high 

symptom group members (Table 14 and Table 15; results not shown). The total duration of 

participation in moderate intensity activities was significantly greater in the high active, low 

symptom group memben compared to either low active group members or high active, high 

symptom group members (results not shown). However, highly active subjects who spend 

most of their activity tirne pefforming high and light intensity exercise experience the greatest 

number of RTI episodes, which are longer in duration and tend to be more severe. 

5.5.3 Cornparison of Subjects Differing on Frequency Physical Activity Participation 

The weekly fiequency of participation in physical activity was used to classitj, subjects 

into low fiequency (s 4 daydwk) and high frequency (> 4 daydwk) groups. Analyses of 

variance were performed to determine the significance of the mean differences between 

groups for the total for measwes of physical activity participation (Tables 18 and 19) and RTI 

ihess (Table 20). The results of these analyses were similar to the results obtained when the 

low active and high active groups were compared (Tables 1 1, 13 and 14). The similarity of 

the physical activity participation profiles for the two physical activity group cornparisons (ie., 

total duration and weekly frequency) likely explains the sirnilarity of the results for RTI 

characteristics. The similarity of the two comparative analyses (low vs high active and low 

vs high eequency) which was used to determine frequency of participation cm be explained 

by the high correlation (r=0.67; Table 10) between total duration of ali physical activities and 

total days of physical activity. This might be expeaed given that total duration of dl physical 
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activities was calculated by surnming physical activity performed on each day of the study. 

Subjects classified as high active averaged 84 midday of activity (Table 1 l), and 

subjects classified as high frequency, 79 rninlday (Table 18). These durations were 

significantly greater than values for the low active (52 rnidday) and low fiequency (67 

rnidday) subjects. As mentioned, a cornpanson of group means for the low active and low 

frequency groups and the high active and high frequency groups revealed similar values for 

fkquency, intensity and duration of physical activity. Groups also showed similar mean 

values for RTI illness, duration and severity (Tables 14 and 20). Subjects classified as low 

active averaged 3.7 dayiwk of activity and subjects classified as low fiequency, 3.2 daydwk. 

In cornparison, subjects classified as high active averaged 5.6 daydwk and subjects classified 

as high fiequency, 5.8 daydwk of physical activity. Thus, the previously presented 

dflerences in iilness between the low and high active groups (Section 4.5.1 ) could be a result 

of either the difference in total duration of al1 physical activities, or they could be a result of 

the difference in frequency of participation. 

The training fiterature suggests that adequate recovery is necessary between exercise 

sessions to allow the body to recover from effort and adapt to the stress placed upon it (Fry 

et ai., 1992; ; Mackinnon and Hwper, 1991). Individuals who train at a high fiequency rnay 

not be allowing suflicjent time for recovery and adaptation to take place, thus leading to the 

syndrome of ovenraining. In this syndrome, physical pedormance detenorates despite 

continued training and the individual shows mental and physiologicai symptoms of overuse 

or fatigue. Indeed, quite often the overtrained individual shows injuries or sores which heal 

slowly and expenences RTI infe*ions (Mackinnon and Hooper, 1991) suggesting that 



126 

immune functions are weakened. The present data on fairly highly fit young adult men and 

women would aiggest that participation in physical activity more than four times per week, 

is associated with experiencing more numerous symptoms, and longer RTI episodes which 

may be more severe, as compared to individuals exercising less than four sessions per week. 

The current study found that individuals who participate in physical activity more than 

four days per week, also spent, on average, 38% of their total daily activity time (79 min) in 

activities perceived as moderate, and 41% at an intensity perceived as light. These high 

frequency individuals suffered, on average, more RTI symptoms in total and experienced 

longer RTI episodes, with more symptoms than individuals who engage in activity four or 

fewer times per week and who spent almost 50% of their daily activity time (67 min) in 

moderate intensity activities and 26% in light intensity activities. High fiequency subjects 

who experience an RTI during the study also rated their daily health lower than low fiequency 

subjects. 



CHAPTER 6 

SUMMARY AND CONCLUSION 

The purpose of the study was to examine physical activity and respiratory tract 

infection (RTI) patterns in male (n=5 1) and female (n=70) university physical education 

students aged 19 years, during 1 1 weeks of observation, from either September to December, 

or Januaxy to March. Using a provided diary, subjects recorded their types and durations of 

pa&ipation in physical activities perwived as light, moderate and high intensity, and the type 

and severity of RTI symptoms experienced. The number of alcoholic beverages, cigarettes 

smoked and hours of sleep were also noted, and a daily rating of perceived stress and health 

status assigned. Diaries were completed daily and submitted weekly. Frequent contact with 

the subjects by the main investigator by telephone and in-class helped ensure the accuracy of 

the data collected and compliance with the procedures. For each subject, the number of 

minutes spent in light, moderate and high intensity activities, and a total of al1 physical 

activities (total PA) were summed for each day of the study and totalled for the 77 days of 

observation. Symptoms noted in the diary were used to determine the onset and termination 

of RTI episodes which were confirmed by telephone i n t e ~ e w  with the subject. The 

incidence (percentage of subjects who experienced at least one RTI episode), number of RTl 

episodes per person, duration per episode, number of syrnptoms experienced per episode, 77- 

day total of dl symptoms (TSS), and daily ratings of health averaged over the 77 days and 

per day of RTI illness were computed. 

The average daily total duration of al1 physical activities per person decreased over 
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time, mostly fiom a reduction in participation in high and light intensity activities. The 

average daily total number of symptoms and the average daily rating of health diminished over 

time, indicating an increase in the level of health. The average daily total duration of 

participation in high and in light intensities combined significantly predicted 37 % of the 

variance in the average daily total nurnber of symptorns and 28% of the variance in the 

average daily total rating of health. The average daily total duration of participation in 

moderate intensity activities did not appreciably change fiom the start to the end of the study, 

and may explain why moderate intensity activity was not significantly correlated with the 

average daily total number of symptoms and the average daily rating of health. 

Subjects were classiied as either low active (LA, total PA r 3000 min) or high active 

(Hq total PA > 3000 min) participants and as low fiequency (LF, days of PA 5 4/week) or 

high fiequency (HF, days of PA > 4/week) participants. HA subjects were also classified as 

either low symptom (LS, TSS s 59 symptoms) or high symptom (HS, TSS > 59) subjects. 

ANOVA (and ANCOVA when appropriate) was perfonned to compare the pairs of 

activity/illness groups on measures of physical activity and RTI illness. 

Nine men and 10 women did not experience an RTI episode during the study penod, 

giving an incidence of 82.4% and 85.7%, respectively . ANOV A indicated t hat t here were no 

sigdcant gender differences for any masure of RTI duration or seventy. In cornparison to 

the males, females participated in significantly less total PA (447 vs 338 rnidweek) and less 

moderate (20 1 vs 128 midweek) and high (1 22 vs 6 1 midweek) intensity activities. Males 

and females both averaged five days of aaivity per week. Females devoted a significantly 

greater percentage of their total PA time to participation in light intensity activities (43% vs 
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ZPh), but less to participation in high ( 1  6% vs 24%) and moderate (41% vs 50%) intensity 

activities. 

The percentage of total PA sent in moderate intensity activities was negatively 

correlated (r-0.22) with number of RTI episodes whereas the percentage of total physical 

activity time spent in light intensity activities was positively correlated ( ~ 0 . 1 9 ) .  Total PA 

(d.20), total days of PA (1-4.24) and total duration of participation in light intensity activity 

(r=0.22) were al1 positively correlated with the total sum of syrnptoms. 

The average number of RTI episodes (1.5 per person) was not significantly different 

between LA ( I O M ,  28F) and HA (41M 42F) subjects. HA subjects expenenced significantly 

longer RTI episodes (1 1.4 vs 7.7 days), with significantly more symptoms per episode (33.7 

vs 20.6). Daily rating of health was significantly worse in HA subjects compared to LA 

subjects ( 1.4 vs 1.3). As weU, HA subjects experienced more symptoms when totalled for 77 

days (71.8 vs 42.1 syrnptorndperson). HA subjects averaged significantly more time in high 

(20 vs 7 midday of activity), moderate (34 vs 25 minlday of activity) and light (3 1 vs 24 

minlday of activity) intensities, total PA (84 vs 51 midday of activity), and days of 

participation in physical activity (5.6 vs 3.7 dayslweek). The mean percentages of total PA 

time devoted to participation in moderate and light intensity activities were not significantly 

different between HA and LA groups, but the percentage of total activity time devoted to 

participation in high intensity activities approached significance. HA subjeds devoted 22% 

of their total activity time to participation in high intensity activities and LA subjects, 14%. 

Daily rating of perceived stress was significantly correlated with duration per RTI 

episode (14 18), total sum of symptoms (r=0.22) and daily rating of health (r=0.3 1). 
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ANCOVAs were p e r f o d  to covary for daily rating of stress and indicated that HA and LA 

groups dHered significantly on these dependent variables. ANCOVA confirmed the results 

of the ANOVA, showing that compared to the LA subjects, the HA subjects experienced 

more days of illness per RTI episode, symptoms per RTI episode, syrnptoms in total and they 

rated their health as being worx. 

Except for number of RTI episodes, the variability in measures of RTI was 

significantly greater (by Levene statistic) in the HA group, indicating that highly active 

individuah could experience either a minimal, or a great deal of RTI illness. Subjects in the 

HA group who were classified as LS (TSS < median for al1 HA persons; 25M. 18F) 

participated in significantly more moderate intensity activities (39 vs 28 midday of activity; 

or 48% vs 37% of total PA) than subjects classified as HS (TSS > median for al1 HA persons, 

16M, 24F). LS and HS groups did not differ with respect to the other physical activity 

variables. In keeping with their greater number of symptoms and episodes, HS subjects also 

experienced longer and more severe RTI illness. 

When subjects were classifieci according to their frequency of participation in physical 

actiMty, HF subjects (37M, 47F) experienced longer RTI episodes, more symptoms per RTI 

episode and symptoms in total than LF subjects (14M, 23F). In addition to tiequency of 

participation, the HF group differed fiom the LF group for durations of participation in light 

and high intensities of activity and total PA, the mean number of minutes of participation in 

moderate intensity activities was greater in HF wbjects compared to LF subjects and this 

dierence approached statistical significance. HF group members spent a significantly lower 

percentage of their total PA time in moderate intensity activities (39% vs 58%), but spent a 
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significantly greater percentage of their total activity time participating in high intensity 

activities (41% vs 26%). Sirnilar mean scores for measures of RTI and physical activity were 

seen as for LA and HA groups. This result could be explained by the high correlation 

between total days of participation in PA and total duration of dl physicd activities (~0.67). 

Furthetmore, 74% of LA subjects were classified in the low fiequency group and 8 9 O ?  of HA 

subjects were classified in the high frequency group. 

When the HA subjects were examined in greater detail, differences in illness were 

apparent between LS and HS groups; no differences in ternis of total PA time or frequency 

of participation were seen. Lower levels of RTI illness were seen among LS subjects and 

members of t his group participated in greater arnounts of moderate intensity activities. 

Hence, both the quantity and quality of participation (eg., intensity of effort) may have an 

impact on RTI illness, duration and severity in men and women who have above-average level 

of aerobic fitness and above average participation in physical activity. 

In conclusio~ young adult males and f d e s  who spend, on average, 20 min in light, 

24 min in moderate and 7 min in high intensity activities, 3.7 days per week, expenence 

shorter (3.7 daydepisode) and less severe bouts of RTI than those who perform greater 

amount of physical activity. Arnong individuals who engage in high amounts of physical 

activity, shorter and less severe RTI illness rnay be possible when approximately 50% of total 

activity time is devoted to participation in moderate intensity activities. Physical activity 

participation patterns rnay not Skct incidence rate or number of RTI episodes in aerobically 

fit young men and women. 
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6.1 LIMITATIONS OF THE STUDY 

The subjects used in this study were self-selected, highly physicdly active and 

aerobicaily fit students, not at al1 typicd of Canadians of this age group; this alone lirnits the 

generalization of conclusions to other populations, which may differ in physical activity 

participation as well as age. Additionally, the exact mechanisms behind RTI susceptibility, 

duration or severity cannot be resolved since immune function was not measured. 

Furthemore, due to the observational nature of the study, direct cause and effect cannot be 

established; only inferences can be made. Finally, other life-style variables not measured in 

this study may pmly explain differences in measures of illness or physical activity. 

6.2 FUTURE RESEARCH 

In the literature, various methods have been used to measure physical activity 

participation and RTL Additionally, studies Vary considerably in duration and design. 

Therefore, it is extremely difficult to make conclusions with respect to the relationship 

between physical activity and RTL However, conclusions cannot be made until the scientific 

community has develop standardized definitions for the various dimensions of physical activity 

and RTl; once this is accomplished, a greater understanding of a dose-response relationship 

between physical activity participation and RTI may be possible. Funhermore, methods used 

to meanire physical activity and RTI need to be standardized to clarif) inferences about the 

relationship between physical activity and RTL Finally, to understand the mechanisms by 

which physical activity duences RTI susceptibiiny, a h e r  understanding of immune system 

parameters is required. 
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APPENDIX A 

SUBJECT CONSENT FORM. 



Consent Form 

Dear Subject, 

1 am a master's student at Laurentian University in Child and Development Studies 
wnducting a study on the relationship between physical activity and upper respiratory tract 
uifèctions (colds). 1 am interested in seeing if diRering levels of physical activity affect the 
frequency or duration of colds and/or flus. The following are part of your course requirements for 
Exercise Program 1: 1) completion of a baseline physical activityhealth questionnaire, 2) 
completion of a daily physical activitylhealth di=, 3) completion of physical assessments of 
physicai fitness, 4) completion of a follow-up questionnaire. 1 need your permission to access your 
results for analysis in my Masters Thesis. 

Your name and your responses will remah confidential. Please biow that should you 

decide to deny me access to your results, in no way will this affect you academidly . You also 
have the right to withdraw fiom this study at your discretion. 

Your assistance in this research is greatly appreciated. If there are any questions 
conceming the study, please feel free to contact me at (705) 675-308 1 or my faculty advisor Dr. 
Ken Sidney at (705) 675-1 15 1 ext. 1009. Please retum the signed consent form with the 
questionnaire to me aflcr completion. 

Daniel A. Sm* 

Yes, 1 agree to participate in the study examhing the relationship between physical activih 
and the frequency and duration of col& andor flus by allowing access to my answers and 
assessments in Exercise Program 1. 1 undemand that my name and responses Ml1 be held 
confidential. I also understand thai 1 can withdraw frorn the study at my discretion and that this 
will not affect me academically. 1 alsa understand that a sunmuy of the results uill be made 
available to me if requested. 

Name (print) . Signature 



APPENDIX B 

RETROSPECTIVE BASELiNE QUESTIONNAIRE. 



Retrospective Baseline Questionnaire. 

Subject Name 



This section wül as& auestions relatin~ to the ~ a s t  8 weeks. 

1) in a typical week, indicate the frequency (F=total# of physical activity sessions) with whch you 
participated in each physical activity listed (including cornpetitive and recreational sport training 
and work around the homelyard) and the typical duration (D=rninutes) of each activity during the 
previous eight w e k s .  include any other physical activities not lined on the horizontal lines. 
Record D as the tirne actually spent king physically active while perforrning that activity. Here is 
an example: during the part eight weeks you participated in soccer twice a week (F=2) with a 
typical duration of two houn each session (D= 120 minutes), but you played for only 60 minutes 
per garne (ie.. on the field); in ths example, D=60 minutes (not 120). 



2 )  In a typical week during the past eight weeks, uidicate the number of hours spent performing 
any job(s) t h .  elicited heaw breathing andlor sweating andor incraed heart rate in you. 

Job Total Hours 
Job Total Hours 
Job Total Hours 
Job Totai Hours 

Sleemina Habits. 

1) What was the duration of sleep (# of houn) that you received in a tyical night during the past 
eight weeks? ( ). 

Health Record 

Colds have the following symptoms: congested lungs and sinuses, sore throat, sneezing. 
mughing, itchy and watery eyes. Flus have the follo~ing symptoms: nausea, vomiting. aching 
rnuscles/joints, diarrhea, headaches and fever. 

1) indicate the total number of (i)rnajor illnesses (omit cold and flus) and (ii)injuries that required 
medical treamient ancilor hospitalization during the past eight weeks: 

i) Total # of lllnesses= Total number of &ys of hospitalization and 
treatment= . 

ii) Total # of Injuries= Total number of days of hospitalization and 
treatrnent= . 

2) indmte the total number of cold(s) that you experienced during the past eight weeks ( ). 

3) indicate the total duration (# of days) of your cold(s) during the past eight weeks u- 
4) lndicate the total number of flu(s) that you experienced during the past eight weeks ( ). 

5 )  Indicate the total duration (# of days) of your flu(s) during the past eight weeks u. 

1) Which of the follouing statements k s t  descriôes Our experience with alcohol over the past 
eight weeks? 

A) 1 have never consumed alcohol in my life (Tnie- or F a l s e L ?  If me, move on to 
question # 2. 

B) I am a nondnnker of alcohol (?'nie, or FalseA.  if true, how long have you been 
a nondrinker of alcohol (years- months ) and how rnany dnnks did you 
consume in a ipical week ? 



C) 1 dnnk alcohol (True, or F a l s e A .  If true, hou- many dnnks did you consume 
dunne a tvi>icd week over the past eight weeks (a six oz glas of wine=a 5% beer 
@355 ml=a shot of spirits) ? 

2) Whch of the following statements best describes your experience with smoking cigarettes over 
the past eight weeks? 

A) 1 have never smoked in my life (Tme , or F a l s e A .  I f  tme, move on to Diet and 
Nutrition. 

B) 1 am a nonsmoker (Tnie-, or FaIse_). If tme, how long have you been a 
nonsmoker (years , months ), and how many cigarettes did you smoke a 
week ? 

C) 1 am a smoker (Tnie-, or False). If true. how cigarette packs did o u  smoke 
darine a twical week over the past eight weeks fie, half a pack. between half and a 
one pack, five packs. etc.. .) ? 

3) During the past 8 weeks, indicate the number of times that you smoked and consumed alcohol 
simultaneously during a tyical week ( )? 

Diet and Nutrition 

1) Did 'ou use vitaminimineral supplements during the past eight weeks (Yes, or N o A ?  If 
yes, indicate the typical number of &ys/week that you m u m e d  vitamidmineral supplements: 

l/Week (. 2-3/Week ), 4-51Week (2. Daily (2, >once per &y (2. 

2) Indmte your level of agreement with the following statements about your eating habits over the 
past eight weeks. 

I =Almost Alwap. 2=Frequently, 3=Occasionally, 4=Seldom, S=Alrnost Never 

A) 1 eat a variety of f d s  each &y, such as h i t s  and vegetables, shole grain breads and 
cpreals, lean mats ,  dain produas, dq peas and beans and nuts and seeds 

1 2 3 4 5  

B) 1 limit the amount of fat, especiaily sanirateci fat and cholesterol 1 eat (including fats in 
meats, eggs. butter, cream, shortenhg and organ meats such as liver) 

1 2 3 4 5  

C) 1 lunit the amount of sait 1 eat bp not adding salt at the table. avoiding saity snacks and 
rnaking cenain my meals are cooked with only small amounts of sait 

1 2 3 4 5  

D) 1 avoid eating too much sugar (especially muent snacks of sticky candy or soft 
-) 

1 2 3 4 5  

E) 1 eat breakfast, lunch and dinner. 
1 2 3 4 5  



Prior To The School Year 

1) Indicaie the number of people (exclude yourself) that lived in your household d u ~ g  the past 
eight weeks. 

2) Indicate the total number of (i) cold(s) and (ii) flus experienced by the individuals that s h e d  
your homdaparûnent (exclude yourself) during the past eight weeks. 

(il cold(s)-. (ii) flu(s) 

3) indicate the typical weekly fiequency with which you were ex sed to second hand smoke that F annoyed you andlor imtated you ador  caused you physical scomfort. 

This section will now ask auestions relatin,~ to the oust 12 months. 

1 ) inâicate your degree of involvement for each ttwn sport that you competed in over the past 12 
months. 

Sport & 
Position 
Played 

Du ring The Serwon 

Competition 

Avg # Avg Avg II Avg # of Length (competitive 
of Length of Minutes of 
Practice (minlof Games of season recreational) . . . - . . . 

Neek ~ r a d c c s  Mleek Playing (weeks) 
Time 

Yean of 
E.xperience 

2) indicate your degree of involvement for each individual sport that you competed in over the past 
1 2 months. 

Avg # 
Training 
Sessions 
/wk 

During The Sema 

# of 
contests 

Level of 
Competition 
(competitive 
or 
recreational) 



3) If you trained with the intent of cornpetmg in a sport over the past 12 months , indicate your 
level of reement with the following statements (1 =strongly agree. 2=partially agree, 
3=neutZ 4=partially disagree, 5=strongly disagree ): 

A) 1 usuallv et sick d u ~ g  my pre-season: 
1 - 3  3 4 5 

B) 1 usually get sick during my cornpetitive season: 
1 2 3 4 5  

C) 1 usually get sick during my post-cornpetitive season: 
1 2 3 4 5  

D) 1 usually get sick within a few days afkr major events/comperitions: 
1 2 3 4 5  

Heaith Record 

1) D u ~ g  the previous 12 months. indicate the number of times for each month that you Msited a 
doctor/health care professional for treatment (or advise) of a cold(s). 

2) During the previous 12 months, indicate the number of times for each month that o u  visited a 
doctorhealth care professional for treatment (or advise) of a flu(s). 

1994-Sept O c t ( 3  Nov . Dec(J. 
1995-Jan(($Feb(b, h a r H  APru. M a > U ,  J n U .  J I U .  A u g o .  S e p t u .  
O n p  O/%, e c w  
199 - an(), e (2, a r U ,  A p r U .  

3) indicate the total number of da's of (i) school and (ii) work that o u  Mssed as a result a 
colds(s) during the past 12 months: 

i) School (# A a p )  ii) Work (# &YS). 

4) indicate the total number of days of (i) school. (ii) work that ?ou missed as a result a flu(s) 
during the past 12 months: 

5) Have you ever been medically diagnosed as havin an allergv that caused anv of the following 
symptoms: sneezing. coughuig, con ested lun , stu& nose and sinuses, sore boat. fever, nausea, r$ P vomting, or âiarrhea (Yes- or oJ? 1 yes, specify allerg(s): y 

9 



This Section will now ask puestions wrta in in~ to the oresent Dav. 

At Laurentian 

1 ) What is F u r  gender ? (male- or fernale) 

2) How old are you now? (in years) 

3) Please include your adâress and telephone number whle at Laurentian: 
Apt # , Street #, Street Name y 

Citynown , Postal Code P.O. Box # 
Telephone # ( ) -  - Y 

Name of Residence (if living on campus) 

4) Do you have a room mate? (Yes, or No) How many people other than yourself live in 
your home/househoid? (2 

5) Does anyone that you live with smoke in your presence? (Yes-. No_) 

6) Do -ou currently have a cold (Yes, N o l ,  or the flu? ( Y e s ,  No_) 

7) 1s this your first year of University? (Yes, or No )? If no. how man- years have o u  
been in university? (A 

8) Do you feel that you have an allerg' that produces (i) coid, or (ii) Flu symptoms? 
(1) : or (ii) 



APPENDIX C 

RETROSPECTIVE FOLLOW-UP QUESTIONNAIRE. 



Retrospective Follow-Up Questionnaire. 

Student Name 
(Print) 

Case # 



This section will ask auestions reiatina to the mut 8 weeks. 

Hedth Record 

1) indicate the total number of (i)major illnesses (omit cold and fius) and (ii)injuries that required 
medical treatment and or hospitalization during the past eight weeks: 

i) Total # of Illnesses= Total number of days of hospitalization and 
treatment= . 

ii) Total # of injuries= Total number of days of hospitalization and 
treatment= . 

2) Have you ever b e n  rnedically diagnosed as having an ailergy that caused any of the following 
symptorns: sneezing, coughmg. congested Iungs, shim nose and sinuses, sore throat, fever, nausea, 
vomiting, or diarrhea ( Y e s ,  or No)? If yes, specil allergy(s): Y 

Diet and Nutrition 

1) lndicate o u r  level of agreement with the following statements about your eating habits over the 
past eight weeks. 

l=AlrnostAlways, 2=Frequentlp, 3=Occasionally. 4=Seldom, 5=AlmostNever 

A) 1 eat a variety of fd each day, such as fruits and vegetables, whole grain breads and 
cereais, lean meats, &in. products. d n  peas and bans and nuts and seeds. 

B) 1 Iimit the amount of fat, especially saturated fat and cholesterol 1 eat (including fats in 
meats, eggs. butter, crearn, shortening and organ mats such as liver). 

C) I limit the arnount af salt 1 eat by not adduig sait at the table. avoiàing saJQ snacks and 
rnaking certain my meals are mked with oniy small amounts of salt. 

D) 1 avoid eating too much sugar (especially fiequent snacks of sticky candy or soft 
dnnks). 

E) 1 eat breakfast, lunch and h e r .  



This section will now osk ouestions relatin~ to the mst 8 weeks. 

1 )  uidicate your degree of involvernent for each team sport that you competed in over the past 8 
weeks. . 

Sport & 
Position 
Played 

Avg # Avg Avg # Avg # of 
of Length of Minutes 
Practice (min) of Games of 
~Week Practices /Week Playing 

Time 

2) Incûcate your degree of invoivement for each individual sport that you cornpeted in over the past 
8 weeks.. 

Level of 
Competition 
(competitive 
or 
recreational ) 

Years of 
Experience 

Years of 
Experience 

3) If you trained with the intent of cornpetmg in a sport over the past 12 months , indicate your 
level of reement with the following statements ( 1 =strongly agree, 2=partially agree, 3qeutral. 7 4=partial y disagree. 5=strongly di-ee ): 

A) 1 usuaily get sick during my pre-season: 

1 2 3 4 5  

B) 1 usually get sick duMg my cornpeutive season: 

1 2 3 4 5  

C) I usually get sick during my postampetltive season: 

1 2 3 4 5  

D) 1 usually get sick within a few d a y s  after major events/compeütions: 

1 2 3 4 5  

Lael of 
Competition 
(competitive 
or 
recreational) 

Du ring Tbe Seoson 

1 

Avg # 
Training 
Sessions 
/wk 

Avg 
Length 
of 
Fractices 
/wk 
(min) 

Leng 
h of 
Season 
(wks) 

A% 
Weekly 
Distance 
(km) 

# of 
contests 



This Section will now as& puestions ~erta inin~ to the mesent Dav. 

At Laurentian 
1 )  Please include your address while at Laurentian: 

Apt # Street # , Street Narne 
city~~own* 

9 

, Postal Code , P.O. Box # , 
Telephone # ( )- i 

Nme of Residence (if living on campus) 

2) Do you have a room mate? (Yes, or No__) How many people other than yourself live in 
your hornehousehold? C_) 

3) Does anyone that o u  live with smoke in your presence? ( Y e s ,  No__) 

4) Do you feel that o u  have an allergy that produces (i)  cold, or (ii) flu symptorns? 
(0 . or (11) 



APPENDIX D 

ROCKPORT WALK FITNESS TEST PROTOCOLS. 



One-Mile Wdk Test Protocol 

1 ) If you are 35 years and over, seek the advice of your physician before raking this test. 

2) Do not eat or drink an-g except water for at least three houn before ta- the test. 

3) Avoid using any tobacco for at least three hours before rakuig the test. 

4) Avoid heavy exercise on the day of the test. 

5) If you are on medication, report it to your uistnictor before you take the test. 

6) Wear lose fitting clothes, such as shorts and t-shrt and running shoes. 

Administration of The Test 

1) Divide participants into two groups where each participant in the fira group chmses a parnier 
from the other group. 

2) Complete a thorough warm up with stretching and ralk 4 laps of the g-i prior to the test. 

3) Two groups of 5 (a total of 10 subjeas) will walk at one time ody. 

4) ûne partner will place a number on the chest of the other parriier. 

5) The parnier will record the number of laps walked (not ran) and the tirne in minutes and seconds 
for the final tirne only, but Hill keep track of the total nwnber of laps that must be completed. 

6) The instnictor instructs subjects that the faner they walk (not run) the higher their level of 
fitness will be. 

7) The innnictor shall periodically cal1 out the tirne and partners should uiform each other of the # 
of laps as well. 

8) Once the partner is hished, the other partner takes the pulse immediately w i t h  5 seconds aAer 
completion of the test for 10 seconds. The hem rate is then recorded by the partner not walkhg. 

9) Once al1 walkers in the first group have finished, bcgin a cool dom of stretching and light 
walking . 

10) The second group will use the sarne protocol as the first group. 

I 1 ) Once both piutnen have finished, go to the centre of the gqni and sit quietly until firther 
instructions are given. 

Prrctice Takinn Y our Pulse 

1) Place your second and third hgers together and place thern on your radial arten just inside 
your wrist bone, or your neck's carotid artery, on either siée of your Adam's apple. 

2) Walk in place for 30 seconds if you have trouble finâing your pulse, then try agam. 

3) Using a waîch with a second hanci, count your pulse for 10 seconds. 

4) Multiply ths numbcr by six in order to calculate your pu!se rate per minute. The n o d  
hedthy pulse rate in an aduh is W e e n  60 and LOO beats per minute, but rates can increase from 
fear, physical exercise, stress, temperature and pain. 



APPENDIX E 

DAILY PHYSICAL ACTIVITYNEALTH DIARY. 



Dailv Phvsical ActivitvEiedtb Dia- 
Name: Section: Case#: Week# : 1 
Instnictions: Record the duration (in minutes) of your physical activity(s) in the appropriate intensity column. 
Definitioas: L(light)=slight change from normal state, M(moderate)=same perspiration, faster than normal breathin 

Occupation Include occupational duties which involve significant physicd activity. 

- * 
- - -  

Chmtions 1 to -~hnt. 
- 

Eealtb (laot sick; 2=feeling slightly ofi 3=some symptoms of illness, normai routine slightly upset; Qdcfin 
mutine, mere  symptoms expenenced, S-very sick, severe symptoms, time off scbooUwork, ertra ns 
medicationlover tbe cwnter dmgs). 

M i d  Class 1 min 
-- - - -- 

~ i d  Work r min 

1 2 3 4 s  1 2 3 4 5  1 2 3 0  5 1 2 3 4  5 1 2 3  
Y I N  Y I N  Y I N  Y I N  Y I  

min 
min 

O 1 2 3  
O 1 2 3  
O 1 2 3  
O 1 2 3  
O 1 2 3  
O 1 2 3  

min min min 
min min min 



Instruction Sheet 

Bedth: On a sa le  of 1 to 5 rate how you well you feel ioda?. 
1 =not at dl sick 2=feeling off 3-some symptoms of illness, normal routine is slightly 
upset .l=definite change in normal routine. severe toms experienced and 5=ve sick. 
vvere symptoms. time off rhoolhuork, extra rest n& taking medicationslover Xe counter 
~ W F  

Doctor: Did you visit the doctor today for advidtreatment of a cold or flu (Yes=Y. or No=N)? 

Medication: Did you take over-the-counter or prescription dmgs today for coldflu F p t o r n s  
çYes=Y. or No=N)? 

Sleep: How many hows of sleep did you receive last night (include any naps)? 

Cigarettes: How many cigarettes did you smoke today? 

Alcohol: How many drinks of alcohot did you have today (one beer (â! 5%=one 6 Oz glass of wine=one oz 
of spirits; if you drink light beer divide the # of drinks by 25 

BadSociaI: Did you attend an'; bars, parties. or socials today (Yes=Y. No=N)? 

Stressed: Rate the level of m s s  that you felt ioday. 
]=no stress 2=light stress 3=moderate stress 4=heavy stress S=e.ucessive stress 

Mimed Class (min): What was the total number of class minutes that you missed today as a result of 
cold/flu symptorns? 

Missad Work (min): What was the total number of class minutes that you rnissed today as a result of 
coldflu symptoms? 

Seventy: Idente and rate the severity (O=none. I=rnild. 2=moderate. 3=severe) of any symptoms that 
you e'rperienced today . 

CougWSoeeze: suddenly expelling air from the mouthhose with a harsh noise. 

Lungs: congested lungs. wheezing, laboureci breathing. 

Nose: post nasal dnp. nimy nose, blowing your nose often. 

Tbroat: a sore throat. visible redness, raw and imtated feeling. 

Sinu-: congested sinuses. plugged ears, pressure experienced in the forehead. 

Acbe Muscles throbbing. du11 pain felt in the muscles and/or joints of the M y .  

Diarrbea: intestinal disorder where m u e n t  sbA/runny faecal rnatter is expelled. 

Fatigue: weariness from the body. 

Fever: warrn to the touch. abnormally high body temperature; thennometer reading greater than nonnal 
(>37 O C ,  or 98.6 O F). 

Headacbe: pain felt in the head; over the eyes. at the temples, or base of the M l .  

NausNomit: sickness at the stomach; feeling of involunm vomiting/forcefully ejeaing the contents of 
the stomach out k u g h  the mouth; regurgitation. 

Swdlen: enlargecl bumps bdow and behind the jaw and felt in front of the iaynx. 

Note: Fernales should not indicate symptoms nlateâ to their menstrual cycle. 



APPENDLX F 

MEAN TOTALS FOR RTI ILLNESS, DURATION AND 
SEVERITY AND FOR FREQUENCY, INTENSITY AND 

DURATION OF PHYSICAL ACTIVITY FOR FALL AND 
WINTER SAMPLES AND FOR LOW AND HIGH 

ACTIVITY CROUPS. 



p<O.OS, main efect of sample. 
pcO.0 1 ,  main effect of sample. 

Table 21. Duration of higb, moderate and light intensities of physical activities, total 
duration of al1 physical activiticr and total number of days of physical activity (Days 
PA) measund over 77 days for the F d  (n=!57) and Winter (n=64) samples . Values a n  
means * 1 SD. 

a pC0.05, main effect of sample. 

Table 22. Percentage OC total physical activity time spent in high, moderate and light 
intensities of physical activities measured over 77 days for the FaII (n=57) and Winter 
ln=64) samples. Values are means * 1 SD. 

Light 
(fin) 

1957.8 
* 1654.5 

' 1 134.5 
* 1 199.6 

Total PA 
(min) 

4697.0 
i 2337.6 

9807.0 
i 2020.7 

Sarnple 

Fa1 l 

I 

Winter 

Days PA 
(#) 

. 59.3 
15.0 

b51.8 
* 15.8 

L 

Sample 

Fall 

Winter 

High 
(min) 

1105.0 
* 1678.8 

826.1 
* 1475.8 

High 

19.6 * 24.3 
19.3 * 22.9 

Moderate 

38.7 * 23.2 

' 49.4 * 26.8 

Moderate 
(min) 

1634.3 
* 1195.1 

1 846.9 
* 1445.4 

Light 

41.7 * 26.6 

' 3 1.2 25.0 



Table 23. Numbtr of  RTI episodes (TE), total sum o f  symptoms (TSS), average daily 
ratiog of heaith @RH), duration per RTI episode (TDVïIE), number of symptoms per 
RTI episode (TSSW) ,  average da@ rating of h d t h  in Wnas (DRAI) measured over 

is* 1 SD 

DRHI 
(rat ingld 

Sarnple 

implcs. VI 

TDVTIE 
(days per 
episode) 

ues are mer 

TSSVTIE 
(# per 

episode) 

TSS DRH 
(days) (rating)d 

Al1 
Subject s 
(23M, 34F) 

Sick 
Subjectsa 

(20M, 3 1 F) 

IO. 1 
9.3 

Winter All 
Subjects 
(28M, 36F) 

! Sick 
1 Subjectsa 
1 (22M, 29F) 

i = O). 'Sick subjects (ie., T E  2 1; excludes subjects with T 
pCO.0 1, main effect of sample. 
p=0.09, main effect of sample. 
Ïllness d e  (l=not sick, 2=feeling slightly off. 3=some symptoms of illness, normal routine 

is slightly upset, 4=defhte change in n o d  routie, severe or several symptorns experienced 
and 5=very sick, severe syrnptoms experienced, time off school/work, extra rest needed, 
taking medication/prescription drugs) . 



Table 24. Number of RTI episoda (TIE), total sum o f  symptoms (TSS), average daily 
rating of heaith (Dm), duntion per RTI episode (TDüIIE), number of symptoms per 
RTT episode (TSSVME), average da@ rating of h d t h  in üIness (DRHI) measureâ over 
77 days for low active and high active groups Tor Fa11 (23M, 34F) and Wintcr (ZSM, 

Ulness scale ( 1 =not sick, 2=feeling slightly off, 3=some symptoms of illness, normal routine 
is slightly upset, 4=definite change in normal routine, severe or several symptoms experienced 
and 5=very sick, severe symptoms expenenced, time off school/work, extra rest needed. 
taking medicatiodprescription dmgs). 

36F) samples. Values are means 1 SD. 

' pK0.05, main effect of group. 
p<O. O 1, main effect of grou p. 
' p=0.09, main effect of group. 

TDIITIE 
(days per 
episode) 

8.4 
î 5.1 

11.1 
* 6.9 
6.2 

* 5.5  

11.8 
* 9.6 

TSSVTIE 
(# per 

episode) 

18.6 
* 14.1 
28.8 

k 21.1 

20.8 
20.4 

'38.3 
* 36.8 

DRHI 
(rating)d 

1.9 
0.8 

1.9 
* 0.8 

1.6 
1.2 

1.6 
i 0.9 

TSS 
(days) 

44.7 
* 32.7 

'60.9 
144.5 

38.9 
i 2 4 . 3  

"3.4 
~ 5 5 . 1  

T E  
(#) 

1.9 
O 

1.7 
~ 1 . 1  

1.2 
O 

1.3 
10.9 

Sample DRH 
(rating)d 

1.3 
* 0.2 

1.4 
* 0.3 

1.2 
* 0.2 
1.3 

* 0.2 

Fall 

Winter 

Low 
(4M, IOF) 

High 
(19M,24F) 

Low 
(6M,18F) 

1 

High 
(22M,18F) 



Table 25. The percentages of  Fa11 (23M, 34F) and Winter (28M, MF) subjects in low 
(10M, 28F) and high (41M, 
Low Active Group 

Count 
r 

% of  Active Group 
1 

% of Sarnple 

% of Total 

High Active Group 
i 

Count 

% of Active Group 
1 

% of Sarnple 

% of Total 
I 

Total 

Count 

% of Active Group 

% of Sample 
L 

% of Total 

Total 

38 

100.0% 

3 1.4% 

3 1.4% 
1 

Total 

83 

1 OO.OC/O 

68.6% 

68.6% 
I 

Total 

121 
I 

100.0% 

100.0% 

100.0% 
L 

42F) active groups. 

Fa11 

14 

36.8% 

24.6% 

1 1.6% 

Fall 

43 

51.8% 

75.4% 

35.5% 

Fall 

57 

47.1% 

100.0% 

47.1% 

Wint er 

24 

63.2% 

37.5% 

19.8% 

Winter 

40 

48.2% 

62.5% 

33.1% 

Winter 

64 

52.9% 

100.0% 

52.9% 



IMAGE EVALUATION 
TEST TARGET (QA-3) 

APPLIED IWGE . lnc 
fi 1653 East Main Street - 

--A Rochester, NY 14609 USA -- --= Phone: 71 6/482-0300 -- -- - - Fa: 716i288-5989 




