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The primary purpose of this investigation was to evaluate the relationship between 
chronic sinus symptoms and asthma in an occupational cohort. Secondary objectives 
were to investigate potential associations with other lower respiratory conditions or 
measures that also relate to obstructive processes of the lower ai1ways. The design of the 
sinus question, in the form of a matrix, allowed the symptom to be classified as work­
related or not. This lead to a set of analyses that enabled comparisons between work­
related and non-work-related sinus symptoms. Various respiratory measures outcomes 
were studied for this purpose including: cross-shift change in FEVl, percent predicted 
FEVl , FVC and PEF. Respiratory symptoms often associated with lower respiratory 
disease processes included measures of: bronchitis, chronic bronchitis, wheeze, cough, 
phlegm, shortness of breath, and chest tightness. Three upper respiratory symptoms, eye, 
nose and throat irritation were also evaluated in relation to chronic sinus symptoms. 
Because this was an occupationally exposed cohort, the relationship between chronic 
sinus symptoms and exposure was also evaluated using the following variables: duration 
of employment, machining versus non-machining, type of MWF (straight or soluble), 
mass aerosol concentration, operation type and part metal being machined. 

Cross-sectional data present some difficulties in terms of calculating rates of disease. 
This problem is even further complicated in studies of working populations because of 
selection pressures that result in the movement of workers away from jobs or exposures 
that are causing them discomfort or illness (healthy worker selection). Because cross­
sectional data in effect, provide a snapshot of disease processes in a population, one has 
to make assumptions in terms of the timing of the relationship between exposure and 
disease. The picture is also likely to be somewhat inaccurate because some of the cases 
are no longer among the population or have changed their exposure status because of 
their discomfo1t or illness. These factors were problematic in these analyses when 
conside1ing the relationship between asthma and sinus symptoms. Two separate 
approaches were used to address these problems. The first was based on the hypothesis 
that asthma which developed after employment in the plant was more likely to be related 
to exposure and therefore sinus symptoms than pre-employment asthma. The second 
approach (dichotomizing astluna cases into those diagnosed within the past 10 years 
versus more than 10 years ago) speaks more to the purported selection of asthmatics 
away from exposures that exacerbate or lead to their conditions. Although most oftbe 
post-hire asthmatics are contained in this group the categorization further restricts the 
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post hire asthmatics to those most recently diagnosed. This in effect should streamline 
the exposure-related cases and make the relationship between sinus symptoms and 
astluna even more visible or apparent. 

There was little evidence of a relationship between all cases of physician diagnosed 
asthma and chronic sinus symptoms. We hypothesized that the newer onset cases were 
more likely to be related to sinus symptoms if exposure was largely responsible for 
causing irritation and creating clu·onic sinus symptoms. This chronic inflammation via 
one of the postulated mechanisms would then lead to the development and/or 
exacerbation of asthma. Stronger relationships were indeed observed with asthma of 
more recent onset. However, because the number of post hire asthmatics was small, the 
risk ratios were associated with wide confidence intervals. 

It was hypothesized that evaluation of the work-relatedness of sinus symptoms would 
provide the opportwlity to more accurately identify those individuals who were 
developing chronic sinus symptoms from irritating work exposures. If this were true, one 
would expect that those individuals reporting both work-related sinus symptoms and 
astluna of recent onset would demonstrate the strongest association between sinus 
symptoms and asthma. This in fact, is what we observed. Strong associations were 
observed between post-hire asthma as well as for asthma that began within the 10 years 
of the survey. This is an interesting finding because it supports several theories. The first 
is that the astluna-sinus relationship can be observed in an occupationally exposed cohort. 
The second is that it is likely that occupational exposures which result in sinus irritation 
may also result in the development and/or the exacerbation of asthma. These 
observations in addition to the exposure response relationship may suggest that workers 
are accurately repo11ing the work-relatedness of their disease. 

Unforhmately, time of onset of sinus symptoms was not assessed, and so it cannot be 
more directly related to exposure or to the tin1e of onset of the astluna. It would be useful 
to be able to examine both exposure and time of onset in an occupationally exposed 
cohort. These data provide enough evidence to suppo11 further investigation ofthis 
relationship. 

It was hypothesized that chronic sinus symptoms would be related to cross-shift decline 
in FEVl, a measurement of acute airway responsiveness. However, these data provided 
no evidence of such a relationship. It is possible that cross-shift decline in FEVl of at 
least 5% is not a sensitive enough measure of obstructive disease. Perhaps acute 
obstruction, which js presumed to be reversible is not as related to clu·onic sinus 
symptoms as are chronic obstructive disease processes such as asthma. 

Hypotheses linking clu·onic sinus symptoms and various measures of PEF were also 
investigated. Asthmatics have more daily variation in PEF and increases in measures of 
amplitude in PEF have been associated with asthma It was suspected that chrome sinus 
symptoms might be related to increases in measures of PEF amplitude because of their 
postulated associations with various measures of pulmonary obstrnction. In the 
longitudinally collected serial PEF data, there was evidence suggestive of an association 
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between sinus symptoms and anchored amplitude percent mean ((PEFdaily max -
PEFarising)/PEFdaily mean)) Mixed models estimated that never smokers with sinus 
symptoms bad, on average, a 3% larger anchored amplitude percent mean than did those 
without sinus symptoms (p=0.19). Increased amplitude is a measme of the liability of the 
airways and is often used to identify occupational asthma. Three percent is a relatively 
small increase in amplitude as Hendy and colleagues suggest that 15-20% amplitudes are 
consistent with asthma. Although in this cob.mt of never smokers, asthma was only 
associated with a 5% increase in amplitude (p=0.04). The mean amplitude of the 
asthmatics in this cohort (7 asthmatics in 46 participants) was 13% (sd=0.15) . 

There was also some evidence of an association between sinus symptoms and "nextday 
change" in PEF in absolute terms (PEFarising next day - PEFpre-shift) as well as in 
percent of pre-shift PEF ((PEFarising next day - PEFpre-sh.ift)/PEFpre-shift) Mixed 
models estimated a 2% decline in PEF from pre-shift to arising the following morning in 
this cohort of never smokers (p=0.07). Nextday change allows for a lag in time of 
response by measuring decline in PEF from pre-shift to arising the following morning. 
They therefore identify a group of individuals not centered around the daytime measures. 
Because arising PEFs tend to be the lowest in terms of circadian rhythm, these measmes 
may capture the '1lower" extreme, thus providing a larger range of response, so that the 
relationship with chronic sinus symptoms may be more visible. 

The hypothesis that sinus symptoms may be associated with lower percent predicted 
FEV I and FVC was also investigated. There was no evidence of such an association. 

When considering associations with exposure, 11work-related" sinus symptoms 
consistently demonstrated stronger relationships than did sinus symptoms as a whole. 
This provides more evidence that the question is successful at selecting out more of the 
"work-related" disease processes. If workers are accurately reporting symptoms caused 
by work exposures, we would expect to see stronger associations between the symptom 
and exposure. We cannot completely discount the possibility that more highly exposed 
individuals may report more symptoms because they are aware of their exposure levels. 

It was interesting that other lower respiratory conditions such as bronchitis and various 
measures of shortness of breath, phlegm production and wheeze were all quite strongly 
associated with chronic sinus symptoms, as well. These findings are not surprising as 
each of these symptoms is related to pulmonary obstrnction. All three upper respiratory 
symptoms measured- eye, nose and throat irritation were significantly associated with 
chronic sinus symptoms. Nose symptoms, as would be expected~ had the strongest 
relationship, which was followed by eye irritation. This is not surprising because of the 
anatomical proximity of these strnctures, as well as the obvious fact that particulate 
exposures which are capable of irritating mucous membranes are often eye irritants. 

Publications 
No publications to date. 
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L GENERAL INTRODUCTION 

A. SINUSITIS: A PREvALENTCoND{TlONwmi MEASURABLE EFFECTS 

Sinusitis is a very pr~valent problem in the general population." The National Institutes of Health 

estimate that chronic sinusitis affects as many as 30 million Americans (NIH Data Book, 1990). It is 

often associated with and initiated by rhinitis. Sinusitis is characterized by an inflammatory process of 

the mucous membranes in the various paranasal sinuses, which often occludes the small openings 

between the sinuses and the nose. This obstruction prevents adequate drainage of the sinus 

secretions leading to a build up of these fluids in the sinuses. This accumulation results in local 

inflammation and infection, often with coincident symptoms of pressure, pain, headache and fever. 

There are various treatments depending both on the severity and chronicity of the condition, ranging 

from steam inhalations and decongestants to surgery for improved drainage. 

Acute sinusitis is usually a bacterial infection of the paranasal sinuses lasting from 7 to 14 days 

(Newman et al. , 1994). Sinusitis is considered chronic when it persists for 3 months or more 

(Newman et al., 1994). These chronic infections are likely to result from a combination of various 

factors including impairment of mucociliary clearance, damage to the sinus mucosa! lining and 

obstruction of the sinus ostia preventing adequate drainage. The chronic condition tends to involve 

less severe, low grade infections and is initiafly treated with antibiotics, decongestants and mucolytics. 

Diagnosis of chronic sinusitis is difficult because patients may be asymptomatic or they may have 

become accustomed to their level of disease. Diagnosis may involve sinus aspiration and culture, but 

is more likely to be done with sinus roentgenograms (Williams, 1993). Ultrasonography and 

computed tomography may also be used. Repeated infections can result in disease that is 

surprisingly resistant to these medical treatments. It is these cases that are likely to be referred for 

surgical interventions. These procedures are primarily designed to enlarge the openings between the 

sinus and the nose to prevent future blockages of these orifices. Persons advancing to this stage will 

generaUy have experienced considerable pain and discomfort, appreciable medical costs, and lost 

time. 

Recently, a multidisciplinary Consensus Conference was held to expand the understanding of the 

physical and psychosocial sequelae of chronic rhinitis (Spector, 1995). They report that allergic 

Grant Number 5 R03 OH03404.Q2 Page4 March 19, 1999 



rhinitis affects 20% of the American population and accounts for over 11 million office visits a year. 

Rhinitis can cause significant impaim1ent in one's quality of life and one's ability to function effectively 

in daily life. It is now believed to be a predisposing factor for the development or exacerbation of 

asthma, sinusitis, nasal polyps and otitis media. The authors estimate that allergic rhinitis affects more 

than half of all asthmatics, that it contributes to 33% of all cases of chronic sinusitis and that its related 

medical costs for 1995 will reach 2 billion dollars. The cost could reach 10 billion dollars if all related 

airway diseases are accounted for. There appears to be a link between allergic rhinitis and chronic 

sinusitis, although the direct pathogenic mechanisms remain unclear. 

Current estimates from the National Health Interview Survey for 1993 tabulates· the number of work­

loss days associated with acute conditions for "other acute upper respiratory infections" which include 

the following conditions: acute sinusitis, acute pharyngitis, acute tonsillitis, acute laryngitis and 

tracheitis, and acute upper respiratory infections of multiple or unspecified sites. (National Center for 

Health Statistics, 1994) In 1992, the estimated work-loss days per 100 currently employed persons 

18 years of age and over was 9.3. Although this reflects losses due to several upper respiratory 

illnesses, it is likely that acute sinusftis makes up the large majority of these cases. 

Another estimate of the lost work time due to sinusitis comes from a large automotive manufacturing 

corporation, which show that in 1992, well over 1200 days were lost due to acute sinusitis and well 

over 1650 days were lost because of chronic sinusitis (Personal communication, D. Wegman). On 

initial examination of sickness and accident leaves in this same corporation, absences for chronic and 

acute sinusitis were approximately equal to absences for asthma, bronchitis, and pneumonia. 

Results from the 1992 National Health Interview Survey provide further evidence of the pervasiveness 

of chronic sinusitis (National Center for Health Statistics, 1994). It ranks as the most prevalent of the 

reported chronic conditions when. all age groups are combined. It is followed by arthritis and deformity 

or orthopedic impaim1ents including the back and upper and lower extremities. The prevalence of 

chronic sinusitis in all ages in 1992 was 145.8 per 1000 persons in the United States, with prevalence 

increasing with age to a maximum between the ages of 45-64. Chronic sinusitis is more prevalent in 

females than males and is more prevalent in whites than blacks. Although sinusitis may often be 

considered quite innocuous in comparison to other respiratory diseases, its relationship to diseases of 

the lower airways is intriguing and notably relevant. 
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3. SINUSrTIS AND ASTHMA: PHYSIOLOGICALLY AND PATHOGENICALLY REl.AlEO 

Clinically, sinusitis has long been associated with asthma (Bullen 1932, Gottlieb 1925, C~obot 1930). 

It is unclear whether sinusitfs or other upper respiratory tract inflammation actually contributes to the 

development of asthma, but the two are often present simultaneously. There are numerous examples 

in the clinical literature demonstrating that asthma improves, sometimes dramatically with the 

treatment of coincident sinusitis (Fried man et al., 1984, Phipatanakul and Slavin, 197 4, Businco et al., 

1981, Cummings et al., 1983, Rachelefsky et al., 1984, Friday, Fireman, 1988). Brugman and 

colleagues developed a rabbit model demonstrating that sinusitis and lower airways responsiveness 

are associated (Brugman et al., 19Q3). They postulate that.this association primarily results from the 

post-nasal dripping of cells or cell products into the lower airway. In reviewing the literature discussing 

the association between sinusitis and asthma, four mechanlsms are hypothesized (Slavin, 1982). The 

first is hypersensitivity to the bacteria or bacterial products in the sinuses. The second is actual 

bacterial seeding from the sinuses to the lungs. The third is a reflex of the sympathetic nervous 

system via the vagal nerve resulting in bronchospasm. And the fourth is related to a blocking of the ~­

adrenergic receptors promoting constriction of the bronchial smooth muscle. 

Rachelefsky and colleagues studied 48 children who had radiographic indications of sinus disease and 

chronic asthma that was difficult to manage (Rachelefsky, 1984). Various treatments were then 

administered to resolve the sinusitis in these children and their asthma was then re-evaluated. 

Seventy nine percent of the children (38) were able to discontinue use of bronchodilators. The 

investigators concluded that sinus disease may aggravate reactive airway disease in children. They 

encouraged proper, aggressive treatment of sinusitis, suggesting it may improve a significant portion 

of the "difficult to manage" asthmatic cases. Other researchers including Slavin and Phipatanakul 

provide evidence that supports an etiologic relationship between sinusitis and asthma (Sluder 1919, 

Blumgart 1924, Gottlieb 1925, Phipatanakul and Slavin 1974). Slavin and colleagues described case 

reports of 15 adults with bronchial asthma in whom paranasal sinusitis was considered to play an 

etiologic role. Each of these asthmatic patients had been treated with bronchodilator therapy for 

management of their asthma without success. However, after medical or surgical management of 

their paranasal sinusitis, these·patiehts responded well to medical management of their asthma. Their 

medication requirements decreased significantly and their asthma was under much better control 

(Slavin et al. , 1980). They also documented cases of patients who developed wheezing after 
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paranasal sinusitis (Phipatanakul, Slavin, 1974). Again, treatment of these cases of sinusitis resulted 

in prompt and quite marked improvement and in some cases resolution of bronchial asthma. 

C. SINUsms: AN UNDER-A.PPRECIAlED OCCUPAllONAL RESPIRATORY DISEASE 

Sinusitis has also been demonstrated to be associated with occupation. Sinusitis may be associated 

with particulate exposure, although this has not been well-studied. Increased prevalence of chronic 

sinusitis has been.reported in cotton workers, nickel workers, furriers, glassblowers and those working 

in a vegetable pickling and mustard producing facility (Hoult et al., 1993, Mastromatteo, 1988, Zuskin 

et al., 1988, 1993). It has also been observed in work~rs exposed to wood dust, grain and flour dusts, 

man made mineral fibers, and cutting oils (Tatken, 1987, Awad El Karin et al., 1986, Moulin et al., 

1988, Kriebel, 1994 ). In most of these investigations, history of sinusitis was assessed by modified 

versions of the American Thoracic Society or British Medical Research Council questionnaire on 

respiratory symptoms. Some included review of medical records in addition to the questionnaire. 

Exposed groups had a two- to four-fold increase in risk of sinusitis when compared to unexposed 

groups. 

Asthma is a debilitating, prevalent disease that appears to be increasing in both incidence and 

s~verity (Blanc, 1993, LaPlante, 1~88, Ries 1986, Centers for Disease Control, 1992, Eyans et al., 

1987). It affects people of all ages, but is especially prevalent in those of working ages. It is therefore 

one of the leading causes of lost work days and limitations of work abilities. Because both the severity 

and incidence are increasing, the cost of asthma, both in terms of quality of life and economics will 

likely become even more significant. Perhaps more thorough recognition and treatment of 

occupationally related sinus disease is a relevant part of the asthma prevention strategy. Sinusitis 

may also be related to chronic airway obstruction or acute airway responsiveness currently measured 

by reductions in baseline or cross-shift Forced Expiratory Volume in the First Second (FEV1). Some 

of these responses that have been observed in occupational cohorts with exposures to respiratory 

irritants may in part be explained by one or m~re of the fo_ur postulated mechanisms relating the 

paranasal sinuses to bronchoconstrictive responses. 

It is both appropriate and necessary to further explore the relationship between sinus problems, 

respiratory exposures and respiratory responses. It would also be quite useful to demonstrate how 

one or more of the currently postulated mechanisms could be initiated by, or at the very least, 
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associated with occupational exposur:es. The data t~ be investigated in the proposed work do not 

allow specification of mechanisms, but the current mechanisms can be considered in relation to 

occupational exposures. The relationship between exposure to respiratory irritants and the 

pathogenesis of sinus symptoms is also likely_ to have relevance when considering other respiratory 

sequelae. Currently, little importance is bestowed upon chronic sinusitis. It is mentioned in studies as 

if it were simply a respiratory irritant symptom unrelated to other fonns of respiratory morbidity. Since 

this is not likely to be the case, perhaps we can take advantage of the fact that upper respiratory 

symptoms such as sinusitis, are relevant to lower airway disease. 

Some of the occupational cohorts with increased prevalences of sinusitis also have lncreased rates of 

sino..:nasal cancer. These groups include metal workers and workers exposed to nickel, wood dust 

and possibly cutting oils (Tomatis 1990, Higginson 1992, Roush 1980). There are at least.two 

potential links between sinusitis and this rare neoplasm. First, it is possible that repeated inflammation 

in the sinuses and nose from exposure to these irritants and carcinogens results in hyperplastic 

cellular changes of the epithelial lining. These morphologic changes may eventually lead to the 

development of sino-nasal cancer. Second, it is also likely that chronic inflammation in these 

respiratory passages impairs the nonnal mechanisms designed to remove foreign toxins and 

particulate from the sino-nasal mucosa. The nose and paranasal sinuses are lined with ciliated 

respiratory epithelium. This ciliated surface is covered with two layers of mucus. Clearance is 

accomplished by the trapping of particulate in the mucus and subsequent movement of this 

contaminated mucus via the beating of the cilia. The flow of the mucous is bilateral. Close to the 

nostril openings, mucus is directed outward, while in the interior portions of the upper airways, flow is 

posterior and inferior towards the pharynx; where the mucus can be swallowed. Exposure to irritants 

and carcinogens including nickel, fonnaldehyde, cutting oil, and wood dust, have been demonstrated 

to diminish ciliary beating, decrease numbers of ciliated cells, and/or reduce rates of mucociliary 

clearance· (Mastromatteo 1988, lrlander et al. 1980, Tatken 1987). This impairment of the removal of 

toxins increases contact time, which is likely to translate into higher effective tissue doses of these 

irritants and carcinogens. Because the incidence of sino-nasal cancer is rare, monitoring sinusitis in 

hopes of predicting cancer is not very useful. It is however, further compelling evidence that chronic 

insults to the upper respiratory tract ought to be considered more seriously and indicates that 

identification and treatment of chronic sinus inflammation is important. 
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Relationships between occupational exposures to dusts and chronic respiratory symptoms have been 

successfully assessed in previous community-based investigations. Korn and associates 

demonstrated significant associations between occupational exposure to dust and chronic respiratory 

symptoms including chronic cough, chronic phlegm, persistent wheeze and breathlessness in a large 

population-based study (Korn et al., 1987). In dust exposed individuals, the adjusted odds ratios for 

these symptoms ranged from 1.32 to 1.60. When comparing dust exposed individuals to unexposed 

subjects, there was evidence of a higher prevalence of chronic obstructive pulmonary disease as 

measured by a low FEV1/FVC ratio (<0.60). Chronic non-specific lung disease (CNSLD) was 

examined using a job exposure matrix in the Zutphen Study, a subset of the Seven Countries Study 

(Heederik, 1989). Diagnosis of CNSLD by a physician and previous treatment for bronchitis and/or 

emphysema were most strongly associated with exposure to fumes, organic dust, paint, adhesives, 

heat and outdoor work. The authors concluded that organic dust seemed to be an important factor in 

the development of CNSLD. In a third study of dust exposure and chronic lung disease, Kauffman 

and colleagues observed an accelerated rate of decline in FEV1 in workers exposed to organic and 

inorganic dust among Parisian workers followed for 12 years (Kauffman, 1982). 

It is important to reframe the manner in which sinusitis or sinus symptoms are considered in 

occupational studies. There are known occupational exposures that are associated with the 

development of ast_hma. Flour dust and machining fluids are just two examples. The relationship 

between asthma and sinusitis has also been well documented in the clinical literature. In the case of 

each of several of these occupational exposures, there is also evidence of increase prevalence of 

sinusitis: It is therefore possible that some fractions of these incident cases of asthma develops 

secondarily to, or are exacerbated by, chronic sinus infections. Unfortunately, this fraction remains 

unknown, as it has not been explored in occupational cohorts. It is important to better define the 

relationship between sinusitis and asthma in the occupational health literature, as it could result in 

more effective prevention and treatment of upper and lower airways diseases. If our hypothesis is 

correct, and we see associations between sinusitis and lower airways diseases, we may be able to 

make better use of reports of chronic sinusitis and sinus trouble. We may be able to recommend that 

questions relating to sinus symptoms be included in future investigations of occupational exposures to 

respiratory irritants. This work may begin to develop the framework or backdrop against which sinus 
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symptoms can be considered work related and can be considered in the context of their relation to 

lower aiiway diseases. 
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II. AN INVESTIGATION OF SINUS SYMPTOMS IN METAL WORKING FLUID 

EXPOSED WORKERS 

A. INTROOUCTlON 

Sinusitis is a prevalent condition in the general population (NIH Data B.ook 1990). It has 

also been an~cdotally reported to be prevalent in occupationally exposed cohorts. Often 

the condition is preceded by and initiated by rhinitis (an inflammation of the nasal passages, 

which may or may not be allergic in nature)·. Clinically sinusitis is well recognized to be 

associated with the exacerbation and or development of asthma (Blumgart 1924, Bullen 

1932, Gottleib 1925, Chobot 1930, Friedman et al., 1984, Phipatanakul and Slavin, 1974, 

Businco et al. , 1981 , Cummings et al., 1983, Rachelefsky et al., 1984, Friday and Fir~man, 

1988, Sluder 1919). There has not been much epidemiologic examination of these 

relationship_s in occupational cohorts. Most investigations of occupational respiratory 

exposures do not report rates·of sinus symptoms. The standard respiratory health 

questionnaires do not ask questions abQut sinus symptoms. Given the clinical relationship 

that has been established between asthma and sinusitis, it is relevant to explore the. nature 

of the relationship between these two conditions in an occupationally exposed cohort. Data 

collected in a metal working fluid (MWF) exposed cohort provide an opportunity to do this in 

addition to relating sinus symptoms to other measures of respiratory disease (symptoms 

and cross-shift decline in FEV1). 

1. Analyses of Metal Working Fluid Data Set 

A study of respriatory health among automotive workers exposed to metal working fluids 

(MWF) provided an opportunity to investigate the associations between the presence of 

sinus symptoms and the presence of respiratory health outcomes in an occupationally 

exposed cohort. Data were collected on history of asthma, sinus symptoms, measures 

of lung function , reports of lower respiratory symptoms and ''work-related" sinus 

symptoms, as measured by questions derived from Rylander's organic dust 

questionnaire. The relationships between sinus symptqms (overall and "work-related") 
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and these various measures of pulmonary health were then evaluated in this cohort of 

metal working fluid (MWF) exposed workers. 

8. METHODS AND Sruoy POPULATION 

1. Population 

The study was conducted in a large transmission manufacturing facility in the 

midwestem United States. Two separate pieces of this study are utilized in these 

analyses: data collected cross-sectionally on the entire cohort and data collected from a 

subcohort who performed peak expiratory flow ~aneuvers for six consecutive days. 

The primary cohort consisted of 386 hourly day-shift workers. Two hundred and sixteen 

were machinists exposed either to soluble or straight MWF (not synthetic MWF), while 

170 were working in assembly, tool and gauge rooms or office areas. 

The machinists represented 87% of the eligible day-shift workers, while the non­

machinists represented 70%. The population was primarily white (86.5%) and male 

(88.9%) with a mean age of 42.2 years and included 34 asthmatics. Smoking history 

revealed: 32.9% current smokers, 32.6% ex-smokers,· 34.5% never smokers. Mean 

duration of.employment was 16.9 years. 

2. Cross-Sectional Study 

The 386 participants in the cross-sectional study were tested with spirometry and a 

standardized respiratory symptom questionnaire on a single day, both pre- and post­

shift. Spirometry was conducted. by technicians who had successfully completed a 

NIOSH-certifred training course. An eight-liter water seal survey spirometer 0f'/.E. 
Collins Co., Braintree, MA) was used in conjunction with O.M.I. spirometric software 

(O.M.I., Houston, TX), which interpreted the flow-volume data collected from the 

spirometer. The spirometers were calibrated with a three-liter syringe before both the 

pre- and post-shift test sessions. The American Thoracic Society criteria for 

standardization of spirometric measures of pulmonary function were employed for all 

spirometric tests (ATS, 1987; Ferris, 1978). The maximal forced expiratory volume in 

the first second (FEV 1) from an acceptable maneuver was used in all analyses. Cross-
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shift change in FEV 1 was calculated as post-shift FEV 1 minus pre-shift FEV 1 as a 

fraction of pre-shift FEV 1 · 

The American Thoracic Society Questionnaire was administered to the participants by 

technicians. It was augmented with an irritant symptom matrix designed for use in 

studies of organic dusts (Rylander, 1990). The matrix allowed the identification of 

"regular'' symptoms (apart from colds), sinus symptoms, and eye, nose and throat 

irritation. The questions also asked whether the symptom was work related, if the 

symptom was better while on holiday, and if the symptom was worse the first day back 

to work after holidays. If an individual had a positive response to any one of these 

questions the symptom in question was considered "work-related". Of the ''work­

related" symptoms being reported, these analyses only include sinus symptoms. 

3. Six Day Longitudinal PEF Data 

A subset of the cross-sectional study was recruited for a longitudinal PEF study. They 

included those participants who experienced a cross-shift decline in FEV 1 greater than 

or equal t0 4%, supplemented by participants who reported _a specific constellation of 

symptoms, which as a group, were more associated with cross-shift FEV1 decrement. 

The symptoms were usual cough, usual phlegm, wheeze without cold, and throat 

irritation. 

Participants were trained in the use of a mini-Wright peak flow meter (Clement Clarke, 

Columbus, OH). They were asked to ·perform the PEF maneuvers five times a day: 

upon arising, starting work, lunch time, leaving work, and bedtime. They were asked to 

perform three to five blows per session, with a goal of obtaining three blows within 20 

liters per minute of their highest effort. Participants were asked to record all their 

measurements in a diary noting the time of each session as well as responses to 

questions regarding the presence of a cold, flu, asthma or allergy symptoms. 

Participants were encouraged to do their blows at the same time each day. The 

maximum PEF from each session was used in these analyses. 
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4. Exposure Assessment 

Personal samples as well as descriptive industrial hygiene data on the work stations 

were collected for each participant. Personal inhalable mass aerosol concentrations 

were collected for each individual on their day of study. A seven hole sampler was used 

on the face of a filter cassette to collect the airborne particulate (Health and Safety 

Executive, 1986). The filter cassette was attached to a personal sampling pump (Gilian 

Instruments) that was running at 2 liters per minute. The filters were analyzed 

gravimetrically. Elemental analysis for sulfur was completed on a subset of these 

samples. Descriptive environmental data collected ·at the work station/machine of each 

individual included such things as: type of MWF used, type of metal working operation, 

type of base metal being machined, proximity of the worker to the source of the MWF, 

number of hours of machining, number of parts machined, cycle time to machine one 

part, temperature and humidity. 

5. Sinus Symptoms and Respiratory Outcomes 

Cross-sectional analyses: Initially, descriptive analyses were performed. Simple 

·stratified analyses were then completed by constructing two by two tables. Crude risk 

ratios were ca.lculated for these analyses. Sinus symptoms were evaluated as a whole 

in addition to being restricted to only those reported as "work-related". Logistic and 

linear regression models were also constructed, beginning with simple univariate and 

bivariate analyses and ending with more complex models. Prevalence ratios were 

estimated using Breslow-Cox modeling. This method of estimating the risk ratio was 

more appropriate than logistic regression in these data, as the condition being studied is 

not rare (Axelson,.1994). Lee and Axelson have demonstrated that with a common 

outcome·, the odds ratio tends to overestimate the risk ratio (Axelson, 1994; Lee and 

Chia, 1994). Because this approach is somewhat new, logistic models were also fit, 

and results compared. 

The outcome variable was a dichotomous term indicating the presence or absence of 

regularly reported sinus symptoms. Explanatory variables included selected respiratory 

function measures, chronic respiratory symptoms and potential confounders. The 
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explanatory variables were treated as both continuous and dichotomous forms. The 

spirometric measures that were evaluated included FEV 1, FVC, percent predicted of 

FEV1 below 80%, percent predicted of FVC below 80% and the FEV1-FVC ratios below 

0. 70 and 0.60. The percent decline across the work shift in each of these measures 

was also calculated. These variables were considered as dichotomous in the following 

ways: % in cross shift FEV 1, PEF dichotomized above and below 5%, amplitude 

percent mean (APM=daily maximum PEF- daily minimum PEF/daily mean) above and 

below 20%, percent predicted values of FVC and FEV1 above and below 80%. and 

FEV/FVC ratios below 0.75 and 0.60. 

In order to investigate the hypothesis that those with more recent onset of the disease 

may be more likely to report chronic sinus symptoms, asthma was evaluated in 2 

different ways. It was dichotomized into asthma that was diagnosed prior to 

employment at the automotive plant (pre-hire asthma) versus that which was diagnosed 

after employment (post-hire asthma). A second stratification divided the asthmatic 

cases by the number of years since the onset of the disease. Two divisions were made: 

diagnosis within the past 10 years (>10 years) and diagnosis more than 10 years ago 

(>10 years). In each of these cases, the reference group included only non-asthmatics. 

The other respiratory symptoms treated dichotomously as explanatory variables 

included: doctor diagnosed bronchitis, doctor diagnosed chronic bronchitis, ever having 

wheezed to shortness of breath, ever having been treated for wheezing, ever wheezing 

with colds, ever wheezing apart from colds. Potential confounders such as age, gender, 

race, and smoking were also evaluated. An example of the generic form of the models 

follows: 

Sinus Symptoms = 130 + 131 Respirat0ry health outcome + 132 Age + l33 Gender 
+ l34 Packyears + 13s Current Smokers + 136 &-Smokers 

Longitudinal PEF Analysis: Because the PEF data collected over the six day 

longitudinal period included repeated measures (within subject), the analytical method 

used needed to account for the non-independence of these observations. SAS Mixed 
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models were used for this purpose (SAS Institute Inc., 1992). These models are mixed 

analysis of variance (ANOVA) models with both fixed and random effects. Because the 

day-to-day correlations between individual PEF measureme~ts were low and relatively 

constant in these data the models presented specified a "simple" or "exchangeable" 

working correlation structure. This structure based the model around the assumption 

that the correlation between any pair of PEF measurements for a person was the same 

as that for any other pair of measurements regardless of the time at which the 

measurements were taken. 

The following PEF outcomes were evaluated as outcomes of the mixed ANOVA 

models: cross-shift change in PEF (absolute and as a percent of pre-shift PEF), change 

in PEF from pre-shift to arising the following day (absolute and as a percent of pre-shift 

PEF), daily amplitude or amplitude percent mean, and arising amplitude or anchored 

amplitude percent mean. Explanatory variables included a dichotomous term indicating 

presence or absence of sinus symptoms and potential confounders such as age, 

gender, race, asthma (for PFT outcomes) smoking and exposure to inhalable mass 

aerosol concentration. 

Background: On average, aerosol exposures to MWF were lower (Kriebel et al., 1996; 

Woskie et al. , 1995) than in previously studied machining environments (Kennedy et al. , 

1989; Milton et al. , 1995; Robins et al. , 1995). There were, however clear differences 

between the machining and non-machining exposures; for example, machinists had 

higher average inhalable aerosol mass concentrations (GM=0.18 mg/m3) than did non­

machinists (GM=0.05 mg/m3). Sulfur was present in the highest concentration of all of 

the elements that were measured for the study. There was evidence of an association 

between cross-shift decline in FEV 1 and both mass aerosol concentration and sulfur 

exposure (Sama, et al. , 1996). Baseline pulmonary function was normal in both 

machinists and non-machinists, although machinists with exposure to soluble MWF had 

an average FEV1 that was 115 nil lower than that of non-machinists (p=0.05). The 

general demographics of the population are as follows: mean age of 42 years, 86.5% 
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male, 88.9% male, smoking status (current, ex and never) divided the population 

roughly into thirds, mean duration of employment was 16.9 years and mean duration of 

exposure was 11.4 years. 

C. RESULlS 

Approximately 43% of the population reported sinus symptoms. Women tended to report 

more sinus symptoms than did men (55% versus 42%) (Table 1). Sinus symptoms 

appeared to be more prevalent in the younger workers. Fifty percent of those under age 35 

reported sinus symptoms, while only 38% of those older than 45 reported· it. The 

prevalence of sinus symptoms was roughly equal in both races (44% in blacks and 37% in 

whites) and in the three smoking categories (current-41 %, ex-45%, never-43%). The 

prevalence of sinus symptoms tended to decrease with increasing tenure at the plant. For 

example, those who had been employed at the facility for 15 or more years had a sinus 

symptom prevalence of 37%, while 47% of those who had seniority less than 15 years 

reported regular sinus symptoms. 

1. Sinus Symptoms and Asthma 

There was little evidence (Table 2) of an overall relationship between doctor diagnosed 

asthma and sinus symptoms (PR 1.3, 95% Cl 0.7-2.5, p=0.38). Because we 

hypothesized that work related exposures might initiate sinusitis which would then be 

associated with asthma, we expected that the relationship between sinus symptoms 

and asthma might be different in cases where asthma was diagnosed after employment 

versus those that were diagnosed before employment. We therefore divided asthma 

into pre- and post-employment asthma and the relationship with sinus symptoms was 

then reassessed, again using non-asthmatics as the reference group. There was no 

association between sinus symptoms and pre-employment asthma (PR 1.1, 95% Cl 

0.5-2.3, p=0.86), however for post-employment asthma,.there was suggestive evidence 

of an association (PR 2.7, 95% Cl 0.7-10;0, p=0.14). 

In an attempt to address potential selection bias and possible recall bias an alternative 

approach to examining the effects of time since asthma diagnosis was utilized. Asthma 

was stratified on years since onset of the disease, greater or less than 10 years (Table 
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2). Among those with asthma onset in the last 10 years, there was a strongly increased 

prevalence of sinus symptoms, while for those with asthma of more than 10 years' 
-

duration, there was .essentially no relationship with asthma. Work-related sinus 

symptoms demonstrated even stronger associations with both post-hire asthma and 

years since asthma onset. Of the two stratifications, those cases of asthma diagnosed 

within the past 10 years had the strongest association with work-related sinus 

symptoms (PR=6.6, 95% Cl 1.1-42.0). 

2. Sinus Symptoms and Chronic Respiratory Symptoms Related to Asthma 

The relationships between sinus symptoms and other respiratory symptoms associated 

with obstructive lung disease were also evaluated. These symptoms included doctor 

diagnosed bronchitis and chronic bronchitis, ever having ~heezed to shortness of 

breath, ever having been treated for wheeze, ever wheeze with colds and ever wheeze 

occasionally apart from colds (Table 3). Positive associations were observed for each 

of these symptoms. The relationship to bronchitis was the strongest (PR 1.5, 95% Cl 

1.1-2_0, p=O. 004 ). "Ever having been .treated for wheeze" was also associated with 

sinus symptoms although it had a wide confidence interval (PR 1.5, 95% Cl 0.84-2.6, 

p=0.18). This symptom is likely to identify the asthmatics in ttie population. 

When these analyses are restricted to those reporting "work-related" sinus symptoms, 

most of the associations were stronger (Table 3). Those reporting ''work-related" sinus 

symptoms were 62 percent more likely to have had doctor diagnosed bronchitis 

(p=0.006). They had an 88 percent higher risk of having had doctor diagnosed· chronic 

bronchitis (p=0.07) and of ever having been treated for wheeze (p=0.05). 

These relationships were investigated for possible confounding by stratification and then 

by including potential confounders and modifiers in the models. These factors included 

age, race, gender, smoking status, asthma status and exposure. Breslow Cox 

proportional hazards models demonstrated similar findings. Potential confounders and 

modifiers including age, smoking status, asthmatic status, and exposure were evaluated 

in these models. These factors did not confound or modify the observed associations. 
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Logistic models were also constructed to evaluate these associations and to compare 

results with the less conventional Breslow-Cox models (data not shown). In all cases 
. 

the results were similar, and as expected the logistic models produced results with 

larger point estimates and narrower confidence intervals. This is expected when the 

disease outcomes being evaluated are not rare, which is the case in these data. 

3. Other Respiratory Symptoms 

Sinus symptoms were also evaluated in relation to other respiratory symptoms using 

Breslow-Cox models. Those reporting regular eye, nose or throat irritation· had high 

prevalence of sinus symptoms. Those reporting phlegm production also had a high 

prevalence of sinus symptoms. Age, smoking, and exposure were not modifying or 

confounding these relationships. 

4. Sinus Symptoms and MWF Exposure 

The relationships between MWF exposures and chronic sinus symptoms were 

assessed (Table 4). Machinists were more likely to report sinus symptoms than were 

. non-machinists (PR 1.2, 95% Cl 1.0-1.6, p=0.09). Among machinists, those working 

with straight MWF had a thirty percent higher prevalence than non-machinists and those 

using soluble MWF demonstrated a 20 percent excess prevalence (PR 1.3, 95% Cl 1.0-

1.8, p=0.08 versus PR 1.2, 95% Cl 0.9-1.5, p=0.24). When exposure was stratified 

trichotomously, there was evidence of increased prevalence of sinus symptoms with 

medium (0.08-0.24 mg/m3) and high (>0.24 mg/m3) exposures compared to those with 

low (<0.08 mg/m3) exposure although there was no evidence of a trend (data not 

shown). Those with medium exposure had a 22 percent increase in prevalence (95% 

Cl 0.90-1.6, p=0.18) of having sinus symptoms, while those with high exposure had a 

15 percent excess prevalence (95% Cl 0 .. 90-1 .5, p=0.35). Duration of MWF exposure 

was not associated with excess risk of sinus symptoms. Neither duration of exposure to 

MWF for more than 5 years (PR=0.93 95% Cl 0.71-1.22) nor more than 10 years 

(PR=0.88 95% Cl 0.69-1.12) was associated with excess prevalence of sinus 

symptoms. These associations were not found to be confounded or modified by 

symptoms or demographic variables. 
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When the relationship betvJeen exposure and ''work-related" sinus symptoms was 

evaluated, a similar, but stronger picture emerged (Table 4). Again machinists were 

more likely than non-machinists to report sinus symptoms (PR 1.5 95% Cl 1.2-1 .8, 

p=0.001). Those machinists working with straight MWF (PR 2.1 95% Cl 1.2-3.4, 

p=0.005) demonstrated higher risk than those working with soluble MWF (PR 1.7 95% 

Cl 1.1-2.6; p=0.03). Analyses using trichotomous cuts of inhalable mass aerosol 

concentration showed a we-fold risk of prevalent sinus symptoms in those with medium 

(PR 2.1 95% Cl 1.2-3.6, p=0.008) and (PR 2.0 95% Cl 1.2-3.5, p=0.009) high MWF 

exposure compared to those with low exposures. The risk had both a larger magnitude 

and greater strength in each of these analyses when compared to analyses of all sinus 

symptoms, without regard to work relatedness of the symptom. Duration of MWF 

exposure of five years or more demonstrated a positive association with work-related 

sinus symptoms (PR=1.3, 95% Cl 1.1-1.6). 

The following seven operations were evaluated in relation to chronic sinus symptoms: 

broach, chuck, drill, grind, multiple drill , tum and a mixture of various operations. The 

prevalence of sinus symptoms ranged from 41 % for drill to 50% for broach and the 

mixed category. Aluminum, iron and steel were the part metals evaluated, and the 

prevalence of sinus symptoms ranged from 44% for steel to 51 % for iron. In neither 

case ( operation or part metal) was there evidence suggestive of an association of 

increased prevalence of sinus symptoms. Those reporting sinus symptoms had similar 

exposures when compared to those not reporting sinus symptoms, in terms of mean 

number of years spent working with MWF, mean number of assembly years, mean 

number of years of employment, and mean duration of MWF years. 

5. Sinus Symptoms and Baseline Pulmonary Function 

There was essentially no evidence suggesting that those with sinus symptoms were 

more likely to have a percent predicted FEV 1 below 80% or an FEV 1-FVC ratio below 

0.60. These findings were similar when sinus symptoms were restricted to those that 

were reported to be work related. There was no evidence that confounding by 

symptoms or demographic variables was obscuring these associations. 
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Sinus symptoms and cross-shift change in pulmonary function:-There was no evidence 

of a relationship between cross-shift decline in FEY 1 and sinus symptoms (PR 0.88, 

95% Cl 0.5 -1.5) even when work-related sinus symptoms were selected out (PR 1.02 , 

95% Cl 0.5 - 2.0). Again, there was no indicatron that negative confounding might be 

masking sinus symptom-cross-shift FEY 1 associations. 

6. Sinus Symptoms and Serial PEF 

All 48 machinists who either demonstrated a cross-shift decrement in FEV1 or reported 

a specific constellation of symptoms participated in an intensive serial peak expiratory 

flow study for six consecutive days. The 48 who participated in the six day longitudinal 

study were approximately 88% of those eligible to participate. Only one diary could not 

be included in the analyses and two others submitted data for 3 days or less. These 

longitudinally collected PEF data were evaluated in relation to sinus symptoms to 

investigate the hypothesis that chronic sinus symptoms were related to various 

measures of PEF including: cross-shift change in PEF, a change in PEF from pre-shift 

to arising the next day, amplitude percent mean (daily max PEF -daily min PEF/ daily 

mean PEF) and an anchored amplitude percent mean (daily max PEF - arising PEF/ 

daily mean PEF). 

There was no evidence of an association between sinus symptoms and daily amplitude 

in PEF or with cross shift change in PEF (whether measured in absolute terms or in 

percentage of pre-shift value) (data not shown). There was only weak evidence of 

associations between "arising amplitude" (change in PEF from pre-shift to arising the 

following day) and reports of sinus symptoms. However, these relationships were found 

to be quite different in smokers and non-smokers. Among current and ex-smokers the 

presence of sinus symptoms was not associated with increased amplitude, while among 

never smokers, "next-day" amplitude (change in PEF from pre-shift to arising the next 

day) was considerably lower in those reporting sinus symptoms. Exposure, asthma and 

various demographic variables did not confound or modify this association. 
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D. DISCUSSION 

1. Sinus Symptoms in the MWF Cohort 

The primary purpd~e of this investigation was to evaluate the relationship between 

chronic sinus symptoms and asthma in an occupational cohort. Secondary objectives 

were to investigate potential associations with other lower respiratory conditions or 

measures that also relate to obstructive processes of the lower airways. The design of 

the sinus question, in the form of a matrix, allowed the symptom to be classified as 

work-related or not. This lead to a set of analyses that enabled comparisons between 

work-related and non-work-related sinus symptoms. Various respiratory measures 

outcomes were studied for this purpose including: cross-shift change in FEV 1, percent 

predicted FEV1, FVC and PEF. Respiratory symptoms often associated with lower 

respiratory disease processes included measures of: bronchitis, chronic bronchitis, 

wheeze, cough, phlegm, shortness o.f breath, and chest tightness. Three upper 

respiratory symptoms, eye, nose and throat irritation were also evaluated in relation to 

chronic sinus symptoms. Because this was an occupationally exposed cohort, the 

relations~ip between chronic sinus symptoms and exposure was also evaluated using 

the following variables: duration of employment, machining versus non-machining, type 

of MWF (str~ight or soluble), mass aerosol concentration, operation type and part metal 

being machined. 

Cross-sectional data present some difficulties in terms of calculating rates of disease. 

This problem is even further complicated in studies of working populations because of 

selection pressures that result in the movement of workers away from jobs or exposures 

that.are causing them discomfort or illness (healthy worker selection). Because cross­

sectional data in effect, provide a snapshot of disease processes in a population, one 

has to make assumptions in terms of the timing of the relationship between exposure 

and disease. The picture is also likely to be somewhat ina~curate because some of the 

cases are no longer among the population or have changed their exposure status 

because of their discomfort or illness. These factors were problematic in these analyses 

when considering the relationship between asthma and sinus symptoms. Two separate 
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approaches were used to address these problems. The first was based on the 

hypothesis that asthma which developed after employment in the plant was more likely 

to be related to exposure and therefore sinus symptoms than pre-employment asthma. 

The second approach (dichotomizing asthma cases into those diagnosed within the 

past 1.0 years versus more than 10 years ago) speaks more to the purported selection 

of asthmatics away from exposures that exacerbate or lead to their conditions. Although 

most of the post-hire asthmatics are contained in this group, the categorization further 

restricts the post hire asthmatics to those most recently diagnosed. This in effect should 

streamline the exposure-related cases and make the relationship between sinus 

symptoms and asthma even more visible or apparent. 

There was little evidence of a relationship between all cases of physician diagnosed 

asthma an_d chronic sinus symptoms. We hypothesized that the newer onset cases 

were more likely to be related to sinus symptoms if exposure was largely responsible for 

causing irritation and creating chronic sinus symptoms. This chronic inflammation via 

o~e of the postulated mechanisms would then lead to the development and/or 

exacerbation of asthma. Stronger relationships were indeed obseived with asthma of 

more recent onset (Table 2). However, because the number of post hire asthmatics 

was small, the risk ratios were associated with wide confidence intervals. 

It was hypothesized that evaluation of the work-relatedness of sinus symptoms would 

provide the opportunity to more accurately identify those individuals who were 

~eveloping chronic sinus symptoms from irritating work exposures. If this were true, 

one would expect that tho~e individuals reporting both work-related sinus symptoms 

and asthma of recent onset would demonstrate the strongest association between sinus 

symptoms and asthma. This in fact, is what we observed (Table 2). Strong 

associations were observed between post-hire asthma as well as for asthma that began 

within the 10 years of the survey. This is an interesting finding because, it supports 

several theories. The first is that the asthma-sinus relationship can be observed in an 

occupationally exposed cohort. The second is that it is likely that occupational 

exposures which result in sinus irritation may also result in the development and/or the 
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exacerbation of asthma. These observations in addition to the exposure response 

relationship (Table 4) may suggest that workers are accurately reporting the work­

relatedness of their,disease. 

Unfortunately, time of onset of sinus symptoms was not assessed, and so it cannot be 

more directly related to exposure or to the time of onset of the asthma. It would be . 
useful to be able to examine both exposure and time of onset in an occupationally 

exposed cohort. These data provide enough evidence to support further investigation of 

this relationship. 

It was hypothesized that chronic sinus symptoms would be related to cross-shift decline 

in FEV1, a measurement of acute airway responsiveness. However, these data 

provided no evidence of such a relationship. It is possible that cross-shift decline in 

FEV 1 of at least 5% is not a sensitive enough measure of obstructive disease. Perhaps 

acute obstruction, whic~ is presumed to be reversible is not as related to chronic sinus 

symptoms as are chronic obstructive disease processes such as asthma. 

Hypotheses linking chronic sinus symptoms and various measures of PEF were also 

investigated. Asthmatics have more daily variation in PEF and increases in measures 

of amplitude in PEF have been associated with asthma (Hetzel and Clark, 1980; Burge 

et al., 1979; Burge, 1993). It was suspected that chronic sinus symptoms might be 

related to increases in measures of PEF amplitude because of their postulated 

associations with various measures of pulmonary obstruction. In the longitudinally 

collected serial PEF data, there was evidence suggestive of an association betwee11 

sinus symptoms and anchored amplitude percent mean ((PEFctaily max-

PEF arising)/PEF daily mean) ). Mixed models estimated that never smokers with sinus 

symptoms had, on average, a 3% larger anchored amplitude percent mean than did 

those without sinus symptoms (p=0.19). Increased amplitude is a. measure of the 

!ability of the airways and is ofl:en used to identify occupational asthma. Three percent 

is a relatively small increase in amplitude as Hendy and colleagues suggest that 15-

20% amplitudes are consistent with asthma. Although in this cohort of never smokers, 
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asthma was only associated with a 5% increase in amplitude (p=0.04). The mean 

amplitude of the asthmatics in this cohort (7 asthmatics in 46 participants) was 13% 

(sd=0.15). 

There was also some evidence of an association between sinus symptoms and 

"nextday change" in PEF in absolute terms (PEFarising next day- PEFpre-shift) as well 

as in percent of pre-shift PEF ((PEFarising next day-PEFpre-shift)IPEFpre-shift ). · Mixed 

models estimated a 2% decline in PEF. from pre-shift to arising the following morning in 

this cohort of never smokers (p=0.07). Nextday change allows for a lag in time of 

response by measuring decline in PEF from pre-shift to arising the following morning. 

They therefore identify a group of individuals not centered around the daytime 

measures. Because arising PEFs tend to be the lowest in terms of circadian rhythm, 

these measures may capture the "lower'' extreme, thus providing a larger range of 

response, -so that the relationship with chronic sinus symptoms may be more visible. 

The hypothesis that sinus symptoms may be associated with lower percent predicted 

FEV1 and FVC was also investigated. There was no evidence of such an association. 

When considering associations with exposure, "work-related" sinus symptoms 

consistently demonstrated stronger relationships than did sinus symptoms as a whole. 

This provides more evidence that the question is successful at selecting out more of the 

"work-related" disease processes. If workers are accurately reporting symptoms 

caused by work exposures, we would expect to see stronger associations between the 

symptom and exposure. We cannot completely discount the possibility that more highly 

exposed individuals may report more symptoms because they are aware of their 

exposure levels. 

It was interesting that other lower respiratory conditions such as bronchitis and various 

measures of shortness of breath, phlegm production and wheeze were all quite strongly 

associated with chronic sinus symptoms, as well. These findings are not surprising as 

each of these symptoms is related to pulmonary obstruction. All three upper respiratory 
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symptoms measured- eye, nose and throat irritation were significantly associated ·with 

chronic sinus symptoms. Nose symptoms as would be expected, had the strongest 

relationship, which was followed by eye irritation. This is not surprising because of the 

anatomical proximity of these structures as well as the obvious fact that particulate 

exposures which are capable of irritating mucous membranes are often eye irritants. 

2. Sinus Symptoms and the Definition of Sinusitis 

It is important to be able to relate the reporting of chronic sinus symptoms to the 

diagnosis of chronic sinusitis that is discussed in the clinical literature. It is likely that a 

significant subset of those reporting "regular'' or chronic sinus symptoms do !n fact have 

chronic sinusitis, but this fraction remains unknown. It is important to recognize that 

even the clinical diagnosis of chronic sinusitis can be difficult for two reasons. First, 

patients who have chronic sinusitis often become accustomed to their level of disease, 

and may even be asymptomatic. Second, various -diagnostic tools are used including. 

roentgenograms, ultrasonography, computed tomography and sinus aspiration and 

culture. Despite this array of diagnostic tools, sinusitis is often diagnosed based on 

symptoms alone. The National Center for Health Statistics defines chronic sinusitis as 

the reporting of "sinus trouble" that has a duration of at least 3 months. Newman also 

defines the chronicity of the condition t.Jsing a three month time period (Newman et al., 

1994). Our question did not ask about the duration of symptoms but rather the 

persistence of the sinus trouble (Do you regularly, apart from colds have sinus trouble?). 

It would be useful to have both the clinical diagnosis and responses to various sinus 

questions so that the questions could be validated. 

3. Sinusitis in Other Occupations 

Sinusitis has also been demonstrated to be associated with occupation, but on the 

whole is an under-appreciated occupational respiratory disease. Sinusitis may be 

associated with particulate exposure. Increased prevalence of chronic sinusitis has 

been reported in cotton workers, nickel workers, furriers, glassblowers and those 

working in a vegetable pickling and mustard producing facility (Hoult et al., 1993, 

Mastromatteo, 1988, Zuskin et al., 1988, 1993)". It has also been observed in workers 
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exposed to wood dust, grain and flour dusts, man made mineral fibers, and cutting oils 

(Tatken, 1987, Awad El Karin et al., 1986, Moulin et al., 1988). In most of these 

investigations, history of sinusitis was assessed by modified versions of the American 

Thoracic Society or British Medical Research Council questionnaire on respiratory 

symptoms. Some included review of medical records in addition to the questionnaire. 

Exposed groups had a two- to four-fold increase in risk of sinusitis when compared to 

unexposed groups. 

Some of the occupational cohorts with increased prevalence of sinusitis also have 

increased rates of sine-nasal cancer. These groups 1nclude metal workers and workers 

exposed to nickel, wood dust and possibly cutting oils (Tomatis 1990, Higginson 1992, 

Roush 1980). There are at least two potential links between sinusitis and this rare 

neoplasm. First, it is possible that repeated inflammation in the sinuses and nose from 

exposure to these irritants and carcinogens results in hyperplastic cellular changes of 

the epithelial lining. These morphologic changes may eventually lead to the 

development of sine-nasal cancer. Second, it is also likely that chronic inflammation in 

these respiratory passages impairs the normal mechanisms designed to remove foreign 

toxins and particulate from the sine-nasal mucosa. The nose and paranasal sinuses 

are lined with ciliated respiratory epithelium. This ciliated surface is covered with two 

layers of mucus. Clearance is accomplished by the trapping of particulate in the mucus 

and subsequent movement of this contaminated mucus via the beating of the cilia. The 

flow of the mucous is bilateral. Close to the nostril openings, mucus is directed outward, 

while in the interior portions of the upper airways, flow is posterior and inferior towards 

the pharynx; where the mucus can be swallowed. Exposure to irritants and carcinogens 

including nickel, formaldehyde, cutting oil, and wood dust, have been demonstrated to 

diminish ciliary beating, decrease numbers of ciliated cells, and/or reduce rates of 

mucociliary clearance (Mastromatteo 1988, lrlander et al. 1980, Tatken 1987). This 

impairment of the removal of toxins increases contact time, which is likely to translate 

into higher effective tissue doses of these irritants and carcinogens. Because the 

incidence of sine-nasal cancer is rare, monitoring sinusitis in hopes of predicting cancer 

is not very useful. It is however, further evidence that chronic insults to the upper 
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respiratory tract ought to be considered more seriously and indicates that identification 

and treatment of chronic sinus inflammation is important. 

Relationships between occupational exposures to dusts and chronic respiratory 

symptoms (but not sinusitis) have been successfully assessed in previous community­

based investigations. Korn and associates demonstrated significant associations 

between occupational exposure to dust and chronic respiratory symptoms including 

chronic cough, chronic phlegm, persistent wheeze and breathlessness in a large 

population-based study (Korn et aL , 1987). In dust exposed individuals, the adjusted 

odds ratios for these symptoms ranged from 1.32 to 1.60. When comparing dust 

exposed individuals to unexposed subjects, there was evidence of a higher prevalence 

of chronic obstructive pulmonary disease as measured by a low FEV 1/FVC ratio 

(<0.60). Chronic non-specific lung dis~ase (CNSLD) was examined ·using a job 

exposure matrix in the Zutphen Study, a subset of the Seven Countries Study 

(Heederik, 1989). Diagnosis of CNSLD by a physician and previous treatment for 

bronchitis and/or emphysema were most strongly associated with exposure to fumes, 

organic dust, paint, adhesives, heat and outdoor work. The authors concluded that 

organic dust seemed to be an important factor in the development of CNSLD. In a third 

study of dust exposure and chronic lung disease, Kauffman and colleagues observed 

an accelerated rate of decline in FEV 1 in workers exposed to organic and inorganic dust 

among Parisian workers followed for 12 years (Kauffman, 1982). To date, these 

associations cannot be further explored to examine the potential role of sinusitis 

because this condition was either not included in the surveys, or the findings were not 

presented in the published results. Had sinus· symptoms been included in the 

assessment or analyses, they may have lead to clearer understandings of the 

physiologic mechanisms involved with CNLSD and reductions in FEV 1 · 

4. Recommendations 

It is important to reframe the manner in which sinusitis or sinus symptoms are 

· considered in occupational studies. There are known occ~pational exposures that are 

associated with the development of asthma. Flour, dust, isocyanates and machining 
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fluids are examples. The relationship between asthma and sinusitis has also been well 

documented in.the clinical literature. In tbe case of each of several of these 

occupational exposures, there is also evidence of increased prevalence of sinusitis. It is 

therefore possible that some fraction of these incident cases of asthma develop 

secondary to, or were exacerbated by chronic sinus infections. Unfortunately, this 

fraction remains unknown as it has not been explored in occupational cohorts. It is 

important to better define the relationship between sinusitis and lower airways diseases 

such as asthma in the occupational health literature, as it could result in more effective 

prevention and treatment of upper and lower airways diseases. This work may begin to 

develop the framework or backdrop against which sinus symptoms can be considered 

work related and can be considered in the context of their relation to lower airway 

diseases. 

These analyses provide consistent evidence that chronic sinus symptoms are related to 

lower respiratory conditions. The relationship observed with asthma of more recent 

onset is consistent with the hypothesis being investigated. Asthma is a debilitating, 

prevalent disease that appears to be increasing in both incidence and severity (Reis, 

1986, Evans et al., 1987, LaPlante, 1988, Centers for Disease Control, 1992, Blanc, 

1993, Weiss et al., 1993). It is possible that perhaps a fraction of these cases of asthma 

were initiated or exacerbated by the chronic sinus condition. Although it is not clear 

what fraction of asthma is resulting from occupational exposures, perhaps more 

· thorough recognition and treatment of occupati_onally related sinus disease is a relevant 

part of the asthma prevention strategy. Sinusitis may also be related to chronic airway 

obstruction or acute airway responsiveness currently measured by reductions in· 

baseline or cross-shift forced expiratory volume in the first second (FEV1)- In either 

case, these data, in addition to those cited in _the clinical literature, suggest some means 

of intervention. Those subjects developing chronic sinus ~ymptoms in occupational 

environments ought to be identified and treated and their exposures ought to be 

evaluated and reduced. This could reduce the chronicity of the disease process, and 

thereby decrease the costs in terms of health care and lost work time. This could also 
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potentially reduce the number of incident cases of asthma or other chronic obstructive 

conditions in these occupational cohorts. 

We recommend that sinus questions be incorporated into the standardized respiratory 

health questionnaires. These questions should be asked in a format that enables one 

to distinguish the ''work-relatedness" of the symptoms, as this judgement appears to be 

both valid and to result in identification of conditions more related to both exposure and 

various respirato,y symptoms. The design implemented by the Rylander matrix seems 

an appropriate means by which to identify work related sinus symptoms. The time of 

onset and perhaps recent exacerbations should be incorporated into the questions to 

allow time sequencing to be determined regarding the development of asthma 

(proposed questions in Table 5). 

Including these questions in the standardized respiratory questionnaire will allow the 

identification of those occupational cohorts with high prevalences of sinus problems. It 

would be interesting to know_ if these industries/occupations also have higher rates of 

asthma. It would provide the first opportunity to investigate the hypothesis relating 

sinusitis to asthr:na in occupational cohorts using appropriate time data. This might be a 

very important contribution to the occupational health literature and may provide 

valuable insight to the increasing rates of occupational asthma. Chronic sinus trouble is 

a significant health outcome in itself, as it is uncomfortable for those with the condition(s) 

and costs significant amounts of money both in terms of lost work days (NHIS '.I 993) 

and in terms of medical treatments and surgical interventions (Spector, 1995). For both 

of these reasons, the associations demonstrated in these data support the further 

investigation of chronic sinusitis and its relationship to asthma and other commonly 

monitored lower respiratory conditions. 
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E. TABLES 
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Table I: Prevalence of chronic sinus symptoms by various population descriptors 

_, .jj, ! &fillr -. ~ ... i,;,- rv . tjf" .... ~ ~ .• ·'t·· • '~It% withs~· . s . --~ "< ry r~_. ,.:;,.t!~:.[i::.il'.-;:l,l .. , ."aoa_ . e q;w#T,¥:~~:lfjl;l'.:,;-~ ,t. 7-i, _o.t _ . 1n~s · Y,mptqms" r, ,., 
.L.~~~-~ " !..'At'• ~.'-·- ~,.· ,f •-• • .. ..:.,~...._-_... ~~-~ 1 ~-._~-;;.._"t:_~ _;_,J"" .~elf( __ _. -'ta,.'. , •• _;;!''~'q1 .. ' "'• 

Age <35 years 50 (24) 

35-45 years 44 (94) 

>45 years 38 (45) 

Gender Male 42 (140) 

Female 55 (23) 

Race Black 44 (18) 

White 37 (145) 

Years Employed ~15 47 (103) 

>15 ·37 (60) 

Smoking Status Current 41 (51) 

Ex 45 (56) 

Never 43 (56) 

Dr. Diagnosed Asthma 50 (17) 

Non-asthmatics 42 (146) 

Pre-hire Asthmatics 44 (11) 

Post-hire Asthmatics 67 (6) 

Hayfever Yes 56 (54) 

No 38 (107) 
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Table II: Asthma in those with sinus symptoms versus those without sinus symptoms 

Asthma (Dr. dx)*** 

Pre-hire Asthma**** 1.1 

Post-hire 2. 7 
Asthma**** 

::;;10 years 

>10 years 

*Prevalence Ratio 

4.0 

1.0 

**95% Confidence Interval 

0.5-2.3 . 

0.7-10.0 

0.6-1.6 

0.86 

0.14 

0.06 

0.99 

1.7 

1.0 

4.6 

6.6 

0.2 

0.8-3.5 

0.4-2.3 

1.3-16.5 

1.1-42.0 

0.05-0.76 

0.94 

0.02 

0.02 

***Reported physician diagnosed asthma, regardless of time of onset. Reference group is 
non-asthmatics. 
****Pre- and post-hire asthma are subjects of the variable "asthma". 
* . Work-Related defined by Rylander matnx-(related to work or improves away from work or 
worse when return to work from holiday) 
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Tal;>le Ill: Chronic respiratory symptoms among those reporting sinus symptoms versus 
those with no sinus syn:,ptoms 

Chronic Bronchitis**** 1.4 

Wheeze to SOB 1.3 

Wheeze:everbeen 
treated for 1.5 

Wheeze with colds 1.2 

Wheeze apart from 
colds . 1.3 

;,,Prevalence Ratio 
**95% Confidence Interval 
***Doctor diagnosed 

Machinists*** 

Straight MWF 

Soluble MWF 

*Prevalence Ratio 

1.3 

1.2 

0.76-2.58 0.28 

0.82-2.02 0.27 

0.84-2.53 0.18 

0.96-1.43 0.13 

0.86-2.06 0.20 

0.97-1 .80 0.08 

0.90-1.53 0.24 

**95% Confidence Interval 
***Reference group is non-machinists 
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1.9 

1.7 

1.9 

1.2 

1.4 

2.1 

1.7 

0.95-3.71 

1.00-2.79 

1.01-3.51 

0.94-1.56 

0.79-2.35 

1.2-3.4 

1.1-2.6 

0.006 

0.07 

0.05 

0.05 

0.14 

0.26 

0.005 

0.03 
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Table V: Proposed Sinus Qu~stion 

1. Have you ever had sinusitis? Yes/ No 
If Yes: 
1a. Was it diagnosed by a doctor? Yes/ No 
1b. If Yes, when? 
1 c. Did it last for at least 3 months? Yes/ No 
1 d. Did you take medication for it? Yes / No 

2. Do you have regular (apart from colds) sinus trouble? Yes/ No 
If Yes: 
2a. Have you ever had sinus trouble for 3 consecutive months or more? Yes/ No 
2b. Have you ever been diagnosed by a physician with chronic sinusitis? Yes/ No 
2c. If Yes, when? 

3. IF YES TO QUESTIONS 1 OR 2: 

Related to Interfere with 
Improve Worse first 

work work 
during day after 

holidays holidays 

Yes No Yes No Yes No Yes No 

Sinusitis 

Regular sinus trouble 
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Ill. EVALUATION OF SINUSITIS IN THE 1988 NATIONAL HEALTH 
INTERVIEW SURVEY DATA 

A. INTRODUC110N AND DATA SETCoNslRUCTION 

The National Health Interview Survey is a nationwide survey of civilian non-institutionalized 

citizens living in the United States. It is designed to collect a variety of information regarding 

estimates of acute conditions, injuries, restricted activities, prevalence of and limitations 

resulting from chronic conditions, and the use of medical services. NHIS defines a chronic 

condition as one that was first noticed 3 months or more prior to the week of the interview or 

one that by definition is a chronic disease such as diabetes, regardless of when it was 

diagnosed. The survey includes a series of respiratory questions some of which include 

bronchitis, asthma (self report and physician diagnosed), sinus trouble, and hayfever. 

Descriptive information regarding age, gender, race, smoking, family income, geographic 

region, working, educational and health status, occupation and industry is also collected. 

Summaries of these data are available in various publications and these data are available 

on CD-ROM and can be used to conduct more specialized analyses. Current estimates of 

the prevalence of chronic chronic sinusitis, asthma, chronic bronchitis and hayfever (without 

asthma) are reviewed in the adult population (ages 18 and over) as a whole, as well as in 

various subsets to identify relationships by age, gender, race, occupation, industry and 

other variables of interest. Occupations are classified by Standard Occupational 

Classification (SOC), and industries by Standard Industrial Classification (SIC). 

The 1988 NHIS data set was used for these analyses as it included a special occupational 

health supplement (OHS) that is not included in the following survey years. A data set was 

constructed using the 1988 NHIS CD ROM. The Sets program contained on the CD was 

used to extract the variables of interest. The extraction was restricted to include those with 

age greater than or equal to 18 years and to those who had been administered the 

Respiratory Condition Questionnaire, which contained the respiratory variables of interest. 

Data extracts were made from three separate data sets (Person, Condition, and 

Occupation) and the extracts were then merged into one data set that was used for 

analyses. The variables selected for inclusion are listed in Appendix A 
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The final data set included a total number of observations 14,817 and close to 450 

variables. The data set included information regarding chronic sinusitis, asthma, bronchitis, 
. . 

atopy (hayfever), relevant demographic characteristics, industry and occupation. Although 

initial plans included combining four years of the survey data, it was decided early on in the 

project to focus only on the 1988 data as it contained job history information as a part of the 

occupational health supplement. Discussions with mentors indicated that adding the future 

years would not likely add significant power to the analyses and that resources would be 

better spent to work in more detail with the Occupational Health Supplement contain~d in 

the 1988 data. This data is not included in any of the other survey years. Because this job 

history data afforded the opportunity to conduct analyses that could potentially evaluate 

industry and occupation information at the onset of the conditions of interest, resources 

would be better spent focusing on the 1988 data .. This advant~ge would be key in 

addressing issues of healthy worker selection bias that is problematic in cross-sectional 

occupational epidemiologic investigations. Examination of the hypothesized associations 

could be accomplished without sacrificing the integrity of the analyses. Because the job 

history data was time consuming to analyze, resources allocated to this portion of the 

project did not allow the analyses of subsequent years of NHIS data. 

8. METHODSANDSTUDYPOPULATION 

In all cases both when conducting simple cross-tabulations and the more complex 

modeling, the initial analyses were conducted using SAS for preliminary analysis and then 

using SUDAAN so that weighting would be handled properly. 

1. Population Demographics 

The demographics of the population were described including distributions of: age, 

gender, race, smoking status (when possible-this variable only available for 50% of the 

population), employment status, health status, occupation, industry, education, and 

working class. Industry and occupation were evaluated at the. 2-digit level. 

2. Conditions of Interest 

Each of six respiratory conditions was evaluated: chronic sinusitis, chronic bronchitis, 

asthma, hayfever without asthma, nasal polyps, and deviated nasal septum. It is 
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important to note that the variable hayfever, by definition was mutually exclusive of 

asthma (there were, however 26 observations that were associated with asthma and 

hayfever). Because there were limited cases of nasal polyps and deviated nasal 

septum cross-tabulations were the only analyses conducted for these variables. They 

were not included in the modeling analyses. 

3. Analyses 

Descriptive: Simple descriptive analyses were designed to evaluate the relationships 

between the conditions and the variables described above. This primarily involved the 

tabulations and cross-tabulations of the conditions of interest, the various demographic 

variables and potential confounders. Two by two, tables were constructed for all of the 

conditions, each one against the others. Prevalence ratios were calculated for each of 

these relationships. The prevalence of the conditions of interest were calculated and 

were stratified by: age category, gender, race, smoking, employment and health status, 

industry, occupation, education and working_ class. Some of these relationships were 

further evaluated using multiple stratifications of age; race, gender and smoking status. 

Similar analyses were conducted for those reporting multiple conditions including: 

chronic sinusitis and asthma, chronic sinusitis and chronic bronchitis, chronic sinusitis 

and hayfever, asthma and bronchitis. 1988 BLS estimates for hours reported in the 

non-agricultural industrial sectors and overall prevalence (generated by these analyses) 

estimates by industrial sector were used to approximate expected national prevalence 

of chronic sinusitis by major industrial sector for 1988. 

Modeling: Logistic regression models were also used to examine: 1) the relationships 

between the conditions and 2) the relationship between the conditions and other 

variables of interest. Simple univariate analyses were conducted initially. These 

models then progressed to more complicated multivariate analyses including significant 

variables to control for confounding. The outcome variable was a dichotomous term 

representing the presence or absence of chronic sinusitis. Explanatory variables 

included the other respiratory conditions (asthma, chronic bronchitis, and hayfever), 
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age, gender, race, smoking, health and employment status. Occupation and industry 

were not included in the modeling process. 

Chronic Sinusitis (1/0) = Po+ 131 Age+ P2 Gender+ pj Rooe + ....... p4 Smoker+Ps Ex.,.smoker 
+ Ps Asthma + Error 

Onset of Conditions: For a subset of the population, job history information was 

available. We conducted analyses in this sub$et to determine the industry and 

occupation held ~t the time chronic sinusitis, asthma or bronchitis was reported to have 

begun. These cases represent incident cases as opposed to prevalent cases. In those 

reporting chronic sinusitis, asthma and chronic bronchitis, cross-tabulations of industry 

and occupation were conducted. BLS estimates for hours reported in the non­

agricultural industrial sectors and these "incidence estimates" ~y industrial sector were 

used to approximate the expected national incidence of chronic sinusitis by major 

industrial sector in 1988. 

C. RESULTS 

1. . Descriptive Analyses 

Demographics of the population: Distributions of demographic variables including: age, 

race, gender, smoking status, employment status (in the past two weeks), health status, 

industry, occupation, education and working class (Tables 1-3). Age was restricted to 

those 18 and older.and 57% of the population were between the ages of 18 to 44. The 

mean age of the population was 44.2 years. In the analyses age was trichoton:iized into 

age groups 18-34, 35-54 and greater than or ·equal to 55 years. 

The population was about 86% white and 11 % black, with the remainder falling into 

other race categories. For analytical purposes, a "non-white" category was created that 

combined the black and other race categories into one category which represented 

about 15% of the population. The population was 53% female. Smoking information 

was only available for half of the population. In this subset, 28% were current smokers, 

24% were former smokers and the remainder had never smoked. 
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Close to sixty four P.ercent of the popu[ation reported t~at they had worked in the past 

two weeks. Over sixty percent of the population reported their health status to be at 

least excellent or very good. The remainder fell into categories of good (25%), fair (9%) 

or poor (4%). Health status was trichotomized by collapsing Excellent, Very Good and 

Good health statuses into one category while keeping Fair and Poor separate. 

Thirty two percent of the population reported that they were not in the labor force .. Of 

those in the labor force, the majority works in the following sectors: Professional and 

Related Services; Manufacturing; and Retail Trade. The most frequently reported 

occupations include: Administrative Support Occupations, including Clerical; 

Professional Specialty Occupations; Executive, Administration and Managerial 

Occupations; Precision, Production Craft and Repair Occupations; and Sales 

Occupations. Thirty eight percent of the population had graduated from high school, 

while 19% had completed at least four years of college. For analytical purposes, 

educational status was collapsed into four groups: High School or less, 1-3 years of 

college, 4 years-college graduate and 5+ years-post college. Forty-eight percent of the 

population worked in the private sector, while only about 10% of the population worked 

for either federal, state or local government. 

Prevalence of Conditions: Chronic sinusitis was the most prevalent of all the conditions 

of interest (16.8%). Asthma and chronic bronchitis had similar prevalences, 3.8% and 

4.8% respectively (Table 1). Nasal polyps and deviated nasal septum were reported in 

less than 1 % of the population. These two variables were not included in further 

analysis. Hayfever, by definition was mutually exclusive of asthma ("hayfever without 

asthma") was reported in 10% of the population, although 26 cases reported both 

conditions. 

Age, Gender, Race, Smoking: These prevalence data were then stratified to evaluate 

the potential effects of the demographic variables described above (Tables 1-4d). The 

prevalence of chronic sinusitis increased with age, when comparing the youngest age 

category to each of the older. Each of the older categories had roughly a twenty 
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percent increase in risk of chronic sinusitis that were statistically significant. Overall, 

chronic bronchitis was slightly more prevalent than asthma and appears to gradually 
-

increase with age (Linear test for trend in proportions, p<0.01). 

Asthma prevalence appears to be lower in the 45-54 year age group when compared to 

the other age groups, this difference is of borderline significance when comparing to the 

younger age group (p=0.10) and is statistically significant when the reference group is 

the older. Each of the conditions is more frequently reported by females than males 

( chronic sinu$itis-19.5% versus 13. 7% p<0.01 );· asthma 4.3% versus 3.3% p=<0.01 ; 

bronchitis 6.0% versus 3.4% p=<0.01). Stratification by race demonstrated that asthma 

may have been more frequently reported in Non-Whites although this relationship had 

borderline significance(4.9 versus 3.7 p<0.20), while chronic sinusitis and chronic 

bronchitis were more prevalent in whites (17.4 versus 15.5 p<0.01); 4.9 versus 4.1 

p=0.04 ). Asthma prevalence was not associated with smoking status. 

Chronic sinusitis was slightly more prevalent in current smokers w~en compared to 
. . 

never smokers (p=0.14), while chronic bronchitis was strongly associated with current 

and ex-smokers when compared to never smokers (p<0.01 in each case). Those with 

chronic sinusitis, asthma and hayfever who reported that they were either not in the 

labor force or that they did not work and did not have a job had higher prevalences of 

each of the conditions when compared to those who reported that they had worked in 

the past two weeks or had not_ worked during this time period, but did hold a job. These 

associations were of borderline significance (p=0.18, p=0.12, p=0.13 respectively). 

Those with chronic sinusitis were 2 times as likely to report poor health status rather 

than excellent health status (p<0.01), while those with asthma or were 6 times as likely 

to report poor health status rather than excellent health status (p<0.01). Chronic 

bronchitis showed a pattern very similar to that seen for asthma. 

Industry and Occupation: In order to evaluate the relationship between the select 

conditions and industry and occupation, several comparisons were made. For each 

condition, three industries with the highest prevalences and those not in the labor force 
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(four groups in total) were each compared in turn to a reference group that collapsed the 

remaining observations (from all the other industries) into one group. T-Statistics were 

calculated for each of these comparisons. The same method was used to evaluate 

occupations (Tables 5a-5d ). 

Chronic sinusitis was most frequently reported in the Mining (25.8%), Entertainment and 

Recreation Services (21.8%), Public Administration (18.3%) and Business and Repair 

Services (18.0%) industrial sectors. T-Tests demonstrated that Mining and 

Entertainment and Recreation Services had associations of borderline significance 

(p=0.11, p=0.14 respectively). The occupations most associated with reports of chronic 

sinusitis include: Administrative Support Occupations, including Clerical (18.6), 

Professional Specialty Occupations (18.4%) and Technicians and Related Support 

Occupations (18.2%). Only Professional Specialty Occupations and Administrative 

Support Occupations demonstrated strong associations (p=0.01 , p<0.01 , respectively). 

The Entertainment and Recreation Services (9.4%), Agriculture, Forestry and Fisheries 

(4.4%) and Professional and Related Services (4.1 %) industrial sectors were most 

associated with reports of asthma. There was a relatively strong association with those 

in the Professional and Related Services sector and borderline association for those in 

the Entertainment and Recreation Services sector (p=0.06 and p=0.13 respectively). 

Asthma appeared to be most prevalent in Private Household Occupations (5.4%), 

Service Occupations, except Protective and Household (3.9%) and Farming, Forestry, 

Fishing Occupations (3.9%). Only Private Household Occupations had borderline 

significance (p=0.12). 

Chronic bronchitis was more likely to be reported in the Mining (10.7%), Business and 

Repair Services (5.2%), Entertainment and Recreation Services (4.8%), Personal 

Services (4.7) and Professional and Related Services (4.6%) sectors. Mining and 

Entertainment and Recreation Services each had borderline associations (p=0.12, 

p=0.14 respectively). Bronchitis was most prevalent in the following occupations: 

Technicians and Related Support Occupations (5.1 %), Administrative Support 
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Occupations including Clerical (5.1%) and Professional Specialty Occupations (4.9%). 

Only the latter two had strong associations (p=0.01 and p<0.01 respectively). Those 

reporting that they were not in the labor force for industry were also more likely to report 

having chronic sinusitis, asthma and chronic bronchitis. In each case; these 

associations were strong (p<= 0.01 in each case). Similar results were seen for those 

reporting that they were not in the labor force for occupation. 

Education and Working Class: Chronic sinusitis and asthma did not appear to be 

associated with education . .Chronic bronchitis on the other hand, was slightly more 

prevalent in those in the educational category of "High School or Less" when compar~d 

to those with the highest level of education in the univariate logistic regression model. 

As mentioned previously, these conditions are strongly associated with those reporting 

that they are not in the labor force. Government employees reported the highest 

prevalence of chronic sinusitis (19%), while asthma and chronic bronchitis were seen 

most in incorporated businesses (6.0% and 5.4%, respectively). 

Prevalence Ratios for Multiple qonditions: Prevalence ratios (PR) were calculated to 

assess the relationships between each of the conditions (Table 9). Prevalence Ratios 

were calculated for each condition against all the others in a series of two by two tables. 

Confidence intervals for each PR were also calculated. Chronic bronchitis and asthma 

were the most strongly associated (P.R.=4.69, 95%, p<0.000) followed by chronic 

bronchitis and chronic sinusitis (P.R.=2.37, 95%, p<0.000) and chronic sinusitis and 

asthma (P.R.=1.50, 95%, p<0.000). 

Multiple Conditions: Distributions of reports of multiple conditions by each of the 

demographic variables are summarized in Tables 7-9. Those reporting both chronic 

sinusitis and asthma tend to be in the age categories between 55 and 74, are more 

likely to be female (1.2% versus 0.62%) and black (1.2% versus 0.92%). These 

conditions were more likely to be present in current and former smokers as compared to 

never smokers. People reporting both chronic sinusitis and asthma were likely to report 

a poor health. status and that they were either not in the labor force or that they did not 

Grant Number 5 R03 'OH03404-02 Page 51 March 19, 1999 



work, had no job and were either looking for work or were on layoff. Similar patterns 

were observed for those reporting that they had chronic sinusitis and chronic bronchitis, 

as well as for those reporting both asthma and chronic bronchitis. 

2. Models: 

Univariate and multivariate logistic regression models were constructed in SUDAAN to 

evaluate chronic sinusitis as a dichotomous outcome variable (Table 1 Oa ). Each of the 

other respiratory conditions and potential confounders including age, race, gender, 

smoking, health and educational status were included in these models as explanatory 

variables. Similar models were constructed for the three other conditions of interest, 

although respiratory conditions were not included in these models (Tables 11a, 12a, 

13a). Several interaction terms were created and evaluated to investigate the possibility 

of interaction effects (race*gender, age*gender, health status*gender). Only race and 

gender demonstrated interaction effects. This variable is included in the multivariate 

analyses, when warranted. 

Several multivariate models were then constructed including each of the other 

conditions of interest (asthma, chronic bronchitis and hayfever) and the variables that 

demonstrated significance in the univariate models (Tables 10b-10k). Similar 

multivariate models were constructed for each of the other conditions (Tables 11 b-11 d, 

12b-12e, 13b). 

Chronic Sinusitis: Each of the conditions were significantly associated with chronic 

sinusitis, with chronic bronchitis having the strongest association. Females were53% 

and whites 41 % more likely more likely to report chronic sinusitis (OR= 1.53, p<0.001 

and OR=1.41, p< 0.001 , respectively). Individuals betwe.en 35 and 54 years of age 

reported chronic sinusitis 31% more often than those 18 to 34. Similarly, those 55 years 

and above were 22% more likely to report chronic sinusitis. These relationships were 

statistically significant. Both fair and poor health status were strongly associated with 

chronic sinusitis (OR=1.62 p<0.001, OR=1. 7 4, p<0.001, respectively). Current smokers 

were slightly more likely to report chronic sinusitis although this relationship had only 
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borderline statistical significance (OR=1.12, p=0.14). Educational level was not 

associated with chronic sinusitis. When all the significant explanatory variables were 

included in one multivariate model only the dummy representing those aged 55 and 

older lost statistical significance. When age was included continuously, it demonstrated 

that the risk of chronic sinusitis increased by 1 percent with each additional year of age. 

Multivariate models: Several multivariate models were evaluated. The final multivariate 

model was constructed with two separate versions: one model had age continuously 

and the other had age categorically. The final explanatory variables included asthma, 

chronic bronchitis, hayfever, age, race, gender , an interaction variable race*gender and 

health status. Though each condition was associated with chronic sinusitis, bronchitis 

was demonstrated the strongest relationship. Age was only significant when it was 

considered categorically. Those aged 35-54 were 27% more likely to report chronic 

sinusitis than those younger than 35 (p<0.01). As seen in the univariate models, 

women and whites were significantly more likely to report chronic sinusitis (OR=1.41, 

OR=1.30)". The interaction term representing white females had borderline significance 

in this model (QR=1.33, p<0.06). 

Asthma: Women were 33% more likely to report having asthma as compared to males 

(OR=1.33, p<0.01 ). The relationship between race (non-white versus white) and 

asthma was weak (OR=1.16, p=0.19). When age was considered categorically, those 

in the 35-54 year age group were less likely to report asthma than were those under 

age 35 (OR=0.84, p=0.10). There was not much difference in prevalence between 

those over 55 years of age and those under 35 although the data suggest that those in 

the older category may be slightly more likely to report asthma, though this relationship 

was very weak (OR=1.10, p=0.36). Age was not significant when considered 

continuously. Smoking and education were not associated with asthma. As with chronic 

sinusitis, both fair and poor health status were strongly associated with reports of 

asthma (OR=2.15, p<0.01 ; OR=4.47, p<0.01 respectively) . 
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Multivariate model: The significant explanatory variables that were included in the final 

model with asthma as the dependent variable included: age (categorical), race, gender 

and health status. In this model race lost significance, but was included because it is so 

often a significant predictor of asthma. Each of the age categories were negatively 

associated with asthma, demonstrating that the lowest age group (ages < 35) was 

significantly more likely to report asthma than were the two older age groups. Those 

reporting fair and poor health status were significantly more likely to report asthma than 

were those reporting excellent, very good and good health. These relationships were of 

similar magnitude as those seen in the univariate models, though the odds ratio for 

those with poor health status increased to 4.96 (p<0.01). 

Chronic Bronchitis: Chronic bronchitis is strongly associated with gender, race, age and 

smoking status. Women (OR=1 .82, p<0.01), whites (OR=1 .28, p=0.04) and those 55 

and over (OR=1 . 72, p<0.01) and current smokers as compared to never smokers 

(OR=1.57, p<0.01) are strongly associated Xyears and older were significantly less likely to report tjl 

those under 35 (OR=071 , p<0.01). The continuous version of age is negatively 
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associated with this condition. This relationship is strong (OR==0.99, p<0.01 ). Current 

smokers are significantly less likely to report hayfever without asthma than were never 

smokers (OR==0.80,c p==0.02) as are those reporting poor health status as opposed to 

excellent, very good and good health status (OR==0.71, p=0.05). Unlike the other 

conditions, education is strongly associated with this condition. Risk of reporting 

hayfever without asthma decreases linearly with decreasing education level. These 

relationships are all of statistical significance. 

Multivariate model: The final multivariate model with hayfever (without asthma) as an 

outcome variable included the following explanatory variables: age (continuous), race, 

gender, an interaction term race*gender, health status, and education status. Poor 

health status is the only explanatory variable that lost significance. Age and educational 

status were significantly negatively·associated with hayfever (without asthma). Women, 

whites and white women were all more likely to report hayfever (without asthma) 

(OR=1.2, p<0.01 , OR=1.3 p=0.01 and OR=1.41, p=0.04, respectively). Unlike in the 

univariate model, fair health status was associated with hayfever (without asthma) 

(OR=1.22, p=0.05) in the multivariate model. 

3. Condition Onset 

The onset of conditions was evaluated in various ways (Tables 14-17). 

Analyses: The variable describing the onset and status of each of the conditions was 

evaluated. Simple analyses were conducted in SAS to evaluate the distribution of onset 

and status of conditions. These tabulations were then stratified by age, gender, race 

and smoking status. The variable indicating the timing of the onset of the conditions 

was also explored to determine if chronic sinusitis preceded asthma and chronic 

bronchitis. 

Results: Not surprisingly, the onset of each of the conditions were most associated with 

onsets of more than five years. Age, gender, race and smoking status did not appear to 

affect this relationship. The prevalence of these conditions was higher in women. In 

cases where subjects reported having chronic sinusitis and asthma, only five (four 
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females and one male) of the 144 cases reported that the chronic sinusitis had 

preceded asthma. When chronic bronchitis was evaluated in the same manner only 12 

of the 264 individuals reported the chronic sinusitis occurring before the chronic 

bronchitis. Because there were so few cases of chronic sinusitis that could be identified 

as having preceded asthma or bronchitis, no further analyses were completed on these 

data. 

4. Job History Data to Identify Occupation and Industry at Time of Condition Onset 

The Occupational Health Supplement contains a job history that was used to try and 

identify the industry and occupation a worker field at the onset of one of the three study 

conditions. Unfortunately, the design of the questionnaire did not include a complete job 

history for every observation. The set of questions only allowed the identification of 

industry and occupation at the time of a condition onset for a subset of the population. 

Analyses were completed on this subset, even though it was apparent that the power of 

the analyses would be less than optimal. Distributions for industry of onset and 

occupation of onset were calculated for each condition (Tables 15-16). 

Results: We could only identify industries of asthma onset for 19 individuals. Those 

industries most associated with the onset of asthma were Manufacturing (6/19=32% ); 

Professional and Related Services (6/19=32%); and Business and Repair Services 

(3/19=16% ). Occupations of onset were identified for 29 individuals. The fou~ 

occupations most associated with the onset of asthma were Administrative Support 

Occupations, Including Clerical (24.1%); Executive, Administrative, and Managerial 

Occupations (17.2%); Machine Operators, Assemblers and Inspectors (10.3%); and 

Sales Occupations (10.3%). 

The onset of chronic bronchitis (89 industries of onset identified} was most associated 

with the following industries: Professio_nal and Related Services (29.9%); Manufacturing 

(21 .3%); Transportation, Communications and Other Public Utilities (10.1%); and Retail 

Trade (10.1%). The occupations most associated with the onset of chronic bronchitis 
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were Administrative Support Occupations, Including Clerical (25.2%); Professional 

Specialty Occupations (20.0%); Machine Operators, Assemblers and Inspectors (9.6%); 

and Sales Occupations (8.7%). 

The industries most associated with the onset of chronic sinusitis (190 cased identified) 

were Manufacturing (20%), Professional and Related SeNices (16.8%), Retail Trade 

(15.8%), Business and Repair SeNices (10.5%); Construction (8.4%). One hundred 

ninety eight occupations associated with the onset of chronic sinusitis were identified .. 

The occupations most associated with the onset of chronic sinusitis were Administrative 

Support Occup~tions, Including Clerical (21.5); Professional Specialty Occup~tions 

(15.6%); Precision Production, Craft and Repair Occupations (10.5%); Executive, 

Administrative, and Managerial Occupations (10.5%); SeNice Occupations, Except 

Protective and Household (10.2%). 

A cross-tabulation of industry and occupation in this small subset (Table 17) highlighted 

the following industry/occupation combinations based solely on frequency: Professional 

and Related SeNices/Professional Specialty Occupations (n=16); 

Manufacturing/Machine Operators, Assemblers and Inspectors (n=1 O); 

Construction/Precision Production, Craft and Repair Occupations (n=9); and Retail 

Trade/Sales Occupations (n=9). 

National Estimates by Industry Sector: Tables 18-20 were developed to calculate 

national sinusitis estimates by industry. Tables 18 and 19 apply the sinusitis and 

asthma prevalence estimates from NHIS to the National BLS estimates offull time 

employees in each industrial sector. Table 20 approximates incidence as best we 

could, given the NHIS data. We used the onset of sinusitis by industry to develop 

"incidence like estimates" then applied them to the BLS data. It must be noted that 

these estimates were the closest we could get to a measure that resembled incidence. 

They do not represent actual incidence rates. These estimates both prevalence and the 

approximation to incidence, help portray the magnitude of these conditions. They affect 

many thousands of individuals. 
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0. DISCUSSION 

The overall objective of this research was to use the National Health Interview Survey 

(NHIS) data to investig·ate the relationship between chronic sinusitis and industry and 

occupation, as well as between sinusitis and chronic lower airway conditions, namely, 

asthma, chronic bronchitis and hayfever. In addition, we were able to evaluate other 

demographic characteristics such as age, gender, race, education, smoking, and health 

status, working class. We focused on the 1988 NHIS data as it contained an occupational 

health supplement with job history information that was used to determine industry and 

occupation at time of condition onset. 

As with any such study, the cross-sectional nature of these analyses make assertions of 

some of the associations tenuous. For example, we are looking at primarily chronic 

conditions, most of which began 5 years or more ago and associating them with current 

industry, occupation, health, smoking, and educational status, which are likely to have 

changed over time. In addition, selection effects, where workers move away from jobs that 

are making them ill and the hea!thy worker effect must also be taken into account when 

considering the limitations of these analyses and interpreting these results. In an attempt to 

control for selection effects, job history data were used to identify the industry and 

occupation at the time of disease onset. Unfortunately, this was only possible for a small 

subset of the cohort so sophisticated or robust analysis were not able to be conducted. 

The data, once stratified by industry and occupation at the crudest (2 digit) level were 

sparse and did not allow further stratification by age, gender, race, smoking status, or to the 

4-digit SIC and SOC level. This makes interpretation very difficult and also seriously limited 

the capacity to conduct any job exposure matrix analyses, as originally planned. The 

identification of high-risk industries and occupations at the more specific, higher digit levels 

is not possible in this data set. It is however, encouraging that we did see some evidence 

of increased risk in industries such as Mining and in industry/occupation combinations 

including Precision, Production Craft & Repair occupations in the Construction industry and 

Machine Operators, Assemblers & Inspectors in the Manufacturing sector. The association 
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of Entertainment and Recreation Services with chronic sinusitis, asthma, and chronic 

bronchitis was unexpeqted and the explanation for this unclear. 

It is interesting that Mining was associated with both chronic sinusitis and chronic bronchitis. 

One could surmise that this is a possible result of dust or particulate exposures, but as 

mentioned earlier, the small number (n=59) of observations falling into this sector make it 

impossible to do further analysis. This limited data may have also obliterated the chance of 

observing an association with asthma if it were of moderate magnitude, assuming one 

exists. 

As was expected, women were more likely to develop each of the investigated conditions. 

The relationship between age and the conditions varied. Risk of chronic sinusitis and 

chronic bronchitis increased with age, whereas asthma was most frequently reported by 

those .ages 35-54 and risk of hayfever decreased with age. Whites were more likely to 

report each of the conditions, except for asthma, which was more prevalent in non-whites. 

In earlier analyses it was significantly associated with blacks as compared to whites (data 

not shown). Current smokers were more likely to report each of the conditions except for 

asthma. This finding is not.surprising. 

Chronic sinusitis is strongly associated with each of the conditions we investigated. The 

magnitude of the association was largest for chronic bronchitis and asthma followed by tha_t 

for chronic bronchitis and chronic sinusitis. The nature of the questionnaire limited the 

-ability to identify detailed information regarding time of onset for the great majority of the 

observations once again making further analysis impossible. For example, of the 149 who 

reported having both sinusitis and asthma only 5 developed asthma prior to chronic 

sinusitis. This group of 149 eliminated everyone who had developed disease five or more 

years before the survey. This represents a significant problem especially when evaluating 

chronic diseases. 

It seems that chronic sinusitis and chronic bronchitis had similar relationships to each of the 

variables investigated, whereas asthma differed somewhat This is interesting because all 

of these conditions are so closely associated to each other. Hayfever (without asthma) as 
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an outcome is difficult to interpret as the variable was designed to exclude those who also 

had asthma. The reas~m for this is unclear. The group would represent atopic individuals, 

but omits asthmatics therefore changing the aspects of comparison. Interestingly, hayfever 

was the only condition for which education was a significant explanatory variable. One 

possible explanation for this was the manner in which the variable was categorized. If the 

variable were stratified so that the lower levels of education were separated out more 

distinctly and compared to those having any college education (1+ years), perhaps another 

picture would have emerged. 

Overall, these analyses demonstrate a strong relationship between these four diseases 

though the direct nature of these relationships is not entirely clear. Chronic sinusitis, 

chronic bronchitis and asthma are often coincident but the limited condition onset 

information prevented the ability to observe the progression of the development of the 

disease process. In other words, we were unable to determine which diseases began first 

or diagram the disease process in cases where multiple conditions were affecting 

individuals. 

A longitudinal study would be the best way to approach this situation. Designing a 

longitudinal study would allow one to follow the natural progression of these disease 

processes and could also account for time· varying explanatory variables such as industry 

occupation, education, health and smoking status. An alternative would be to ask more 

refined questions about the onset of conditions to collect more detailed information. Recall 

bias would, of course be a problem with this approach. A more thorough job history matrix 

in the Occupational Health Supplement would also be beneficial. The current design does 

not allow thorough analysis of the data. 
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E. TABLES 
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Table 1: Frequencies and Descriptives for Variables of Interest, Compared by Condition 

Variable Sinusitis Asthma 
Chronic 

Hayfever Total 
Bronchitis 

Overall Prevalence* 16.8 (2485) 3.8 (575) 4.8 (699) 10.4 (1525) 
Age years, mean (s.d.) 44.2 (17.8) 
Age Categories,% (n) 
18-34 14.6 (792) 3.8 (208) 3.8 (206) 11.0 (601) 36.7 (5434) 
35-55 18.5 (927) 3.5 (173) 4.3 (216) 11.2 (565) 33.8 (10440) 
>55 17.5 (766) 4.4 (194) 6.3 (277) 8.2 (359) 29.5 (4374) 

Race,% (n) 
White 17.4 (2129) 3.8 (460) 4.9 (603) 10.8 (1322) 82.4 (12214) 

Gender% (n) 
Male 13.8 (951) 3.2 (222) 3.3 (230) 9.6 (658) 47.0 (6884) 

**Smoking Status 
Never 17.25 (605) 4.2 (146) 3.3 (115) 12.0 (422) 47.8 (3507) 
Former 17.83 (310) 4.4 (76) 4.6 (80) 11 .2 (194) 23.7 (1739) 
Current 18.97 (397) 3.8 (80) 7.0 (147) 9.7 (203) 28.5 (2093) 

Employment Status in Past 2 weeks 
Worked in past 2 weeks 16.2 (1514) 3.2 (301) 3.8 (356) 10.9 (1016) 63.0 (9331) 
Not in labor force 17.9 (869) 5.1 (250) 6.3 (306) 9.0 (439) 32.8 (4860) 
***Did not work, has job 15.3 (42) 3.3 (9) 8.3 (23) 12.4 (34) 1.9 (275) 
Did not work, no job, looking for work or 17.2 (60) 4.3 (15) 4.0 (14) 10.3 (36) 2.3 (348) 
on layoff 

Health Status 
Excellent, Very Good, Good 15.8 (2023) 3.2 (405) 3.9 (495) 10.5 (1339) 86.9 (12807) 
Fair 23.5 (322) 7.0 (96) 8.9 (122) 10.2 (140) 9.3 (1373) 
Poor 24.1 (135) 13.0 (73) 14.3 (80) 8.0 (45) 3.8 (560) 

*Prevalence for nasal polyps and deviated nasal septum were under 1% (n=54 and n=111, respectively. 
*.*Smoking information was only available for about half of the sample. 
***Includes those 1) looking for work, 2) on layoff, 3) on layoff & looking for work, 4) unknown if looking or on layoff. 
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Table 1 (Continued): Frequencies and Descriptives for Variables of Interest, Compared by Condition 

Variable· Sinusitis Asthma Chronic Hayfever Total 
Bronchitis 

Educational Status 
High School or Less 16.93 (1531) 4.1 (370) 4.9 (443) 8.3 (746) 61.6 (9041) 
1-3 years of college 17.0 (503) 3.6 (108) 4.7 (139) 12.4 (365) 20.1 (2953) 
4 years of college 16.2 (248) 3.5 (53) 4.3 (66) 13.8(211) 10.4 (1527) 
5 + years , post college 16.8 (193) 3.4 (39) 4.1 (47) 17.2 (198) 7.8 (1150) 

Working Class 
Not in Labor Force 17.9 (869) 5.0 (250) 6.5 (306) 9.2 (439) 32.09 (4860) 
Private Company 16.1 (1129) 3.2 (224) 4.1 (283) 10.1 (717) 48.22 (7051) 
Federal Government Employee 21.5 (67) 3.2 (10) 4.3 (13) 13.7 (42) 2.08 (310) 
State Government Employee 18.8 (83) 2.8(11) 2.0(10) 15.5 (63) 3.06 (431) 
Local Government Employee 18.2 (145) 3.3 (27) 4.8 (37) 15.5 (121) 5.29 (797) 
Incorporated Business 14.5 (35) 6.0 (15) 5.4 (13) 1:1.8 (30) 1.77 (253) 
Self-Employed 15.0 (134) 3.6 (34) 3.4 (32) 10.5 (96) 6.12 (899) 
Without pay 13.8 (3) 4.1 (1) 4.1 (1) 19.5 (4) 0.14 (22) 
Never worked 10.5 (2) 0.0 3.6 (1) 15.0 (2) 0.10 (16) 
Unknown 10.5 (18) 1.9 (3) 1.8 (1.04) 7.0(11) 1.15 (177) 
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Table 2: Frequencies and Descriptives for Industry (2digit level), Compared by Condition 

Industry Sinusitis Asthma 
Chronic Hayfever Total 
Bronchitis 

Agriculture, forestry, fisheries 15.0 (46) 4.2 (13) 3.3 (10) 8.8 (27) 2.1 (306) 
Mining 25.4 (15) 3.4 (2) 8.5 (5) 13.6 (8) 0.4 (59) 
Construction 13.2 (294} 1.6(11) 2.7 (18) 10.0 (68) 4.6 (677) 
Manufacturing 15.7 (294) 2.6 (49) 3.6 (68) 9.1 (170) 12.7 (1878) 
Transportation, communications & other public utilities 15.2 (107) 3.0 (21) 3.4 (24) 9.9 (170) 4.8 (704) 
Wholesale trade 16.1 (53) 2.1 (7) 3.3(11) 13.3 (44) 2.2 (330) 
Retail trade 16.4 (249) 3.3 (50) 4.1 (63) 10.7 (162) .. 10.3 (1520) 
Finance, insurance, & real estate 16.4 (103) 4.0 (25) 3.5 (22) 10.7 (67) 4.2 (628) 
Business & repair services 17.5 (105) 4.2 (25) 5.0 (30) 10.0 (60) 4.0 (599) 
Personal services 15.0 (61) 3.2 (13) 4.9 (20) 10.8 (44) 2.8 (408). 
Entertainment & recreation services 20.5 (26) 8.7 (11) 3.9 (5) 8.7 (11) 0.9 (127) 
Professional & related services 17.6 (350) 4.2 (83) 4.7 (93) 13.0 (259) 13.5 (1993) 
Public administration 19.4 (98) 2.4 (12) 3.6 (18) 15.6 (79) 3.4 (505) 
Unknown 9.1 (20) 1.4 (3) 2.7 (6) 7.7 (17) 1.5 (220) 
Not in labor force 17.9 (869) 5.1 (250) 6.3 (306) 9.0 (439) 32.8 (4860) 
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Table 3: Frequencies and Descriptives for Occupation (two digit level), Compared by Condition 

I Chronic Occupation Sinusitis Asthma Bronchitis 
Hayfever Total 

Executive, administration & managerial occupations 16.4 (207) 3.6 (45) 3:7 (47) 13.0 (164) 8.5 (1264) 
Professional specialty occupations 18.4 (238) 3.4 (44) 4.9 (63) 15.7 (203) 8.7 (1291) 
Technicians & related support occupations 18.5 (57) 3.2 (10) 4.9 (15) 12.9 (40) 2.1 (309) 
Sales occupations 17.4 (191) 3.4 (37) 4.0 (44) 11.3 (124) 7.4 (1101) 
Administrative support occupations, including clerical 18.6 (276) 3.4 (51) 5.0 (74) 10.8 (160) 10.0 (1486) 
Private household occupations 10.0 (9) 6.7 (6) 3.3 (3) 12.2(11) 0.6 (90) 
Protective service occupations 11 .5(19) 1.7 (3) 1.7 (3) 16.3 (28) 1.2 (172) 
Service occupations, except protective & household 15.2 (151) 4.1 (41) 4.2 (42) 10.1 (100) 6.7 (993) 
Farming, forestry, fishing occupations 13.9 (42) 3.6 (11) 3.3 (10) 7.3 (22) 2.0 (302) 
Precision, production, craft & repair occupations 15.6 (181) 2.3 (27) 3.1 (36) 9.5 (110) 7.8 (1158) 
Machine operators, assemblers, inspectors 12.6 (93) 3.0 (22) 3.1 (23) 6.3 (46) 5.0 (736) 
Transportation & material moving occupations 15.5 (71) 3.5 (16) 3.5 (16) 6.8 (31) 3.1 (457) 
Handlers, equipment cleaners, helpers & laborers 15.0 (58) 2.1 (8) 2.8(11) 7.5 (29) 2.6 (386) 
Unknown occupation (includes new workers) 11.0 (23) 1.9 (4) 2.9 (6) 8.6 (18) 1.4 (209) 
Not in labor force 17.9 (869) 5.1 (250) 6.3 (306) 9.0 (439) 32.8 (4860) 
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Table 4a: Contrasts for Chronic Sinusitis and Various Confounders 

Contrast: Sinusitis (1=Yes) by Confounders 
Difference 

Excellent - Good vs. Fair 
Excellent - Good vs. Poor 
Fair vs. Poor 
Excellent-Good vs. Fair/Poor 
Never vs. Ex-smoker 
Never vs. Current-smoker 
Ex-smoker vs. Current-smoker 
18-34 vs.35-55 
18-34 vs.55+ 
35-55 vs.55+ 
18-34 vs.35-55/55+ 
With jobs(1,3) vs. No jobs (2.4) 

-7.529 
-8.816 
-1 .287 
-8.172 
-0.594 
-1 .624 
-1.030 
-3.722 
-2.660 
1.062 
-3.191 
-2.021 

SE 
1.184 
1.950 
2.171 
1.193 
1.242 
1.110 
1.366 
0.747 
0.781 
0.807 
0.649 
1.515 

Table 4b: Contrasts for Asthma and Various Confounders 

Contrast: Asthma (1=Yes) by Confounders 
Contrast Variable Difference 
Excellent - Good vs. Fair 3.401 
Excellent - Good vs. Poor -9.577 
Fair vs. Poor -6.176 
Excellent-Good vs. Fair/Poor -6.489 
Never vs. Ex-smoker -0.224 
Never vs. Current-smoker 0.527 
Ex-smoker vs. Current-smoker 0.750 
18-34 vs. 35-55 0.606 
18-34 vs. 55+ -0.366 
35-55 vs. 55+ -0.972 
18-34 vs. 35-55/55+ 0.120 
With jobs (1,3) vs. No jobs(2,4) -1 .315 

SE 
0.665 
1.445 
1.633 
0.773 
0.632 
0.522 
0.645 
0.373 
0.404 
0.410 
0.330 
0.854 

T -Statistic 
-6.359 
-4.522 
-0.593 
-6.850 
-0.479 
-1.463 
-0.754 
-4.979 
-3.406 
1.315 
-4.915 
-1 .335 

T -Statistic 
-5.117 
-6.629 
-3.781 
-8.393 
-0.354 
1.010 
1.163 
1.625 
-0.906 
-2.370 
0.362 
-1.541 

Table 4c: Contrasts for Chronic Bronchitis and Various Confounders 

Contrast: Bronchitis (1=Yes) by Confounders 

pNalue 
0.0000 
0.0000 
0.5533 
0.0000 
0.6321 
0.1435 
0.4510 
0.0000 
0.0007 
0.1885 
0.0000 
0.1820 

p-Value 
0.0000 
0.0000 
0.0002 
0.0000 
0.7236 
0.3127 
0.2448 
0.1042 
0.3650 
0.0178 
0.7171 
0.1235 

Contrast Variable Difference SE T -Statistic p-Value 
Excellent-Good vs. Fair 
Excellent-Good vs. Poor 
Fair vs. Poor 
Excellent-Good vs. Fair/Poor 
Never vs. Ex- smoker 
Never vs. Current-smoker 
Ex-smoker vs. Current-smoker 
18-34 vs. 35-55 
18-34 vs. 55+ 
35-55 vs. 55+ 
18-34 vs. 35- 55/55+ 
With jobs (1,3) vs. No jobs (2.4) 
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-5.600 
-10.624 
-5.024 
-8.112 
-0.179 
-2.316 
-2.137 
-0.440 
-2.591 
-2152 
-1.515 
0.623 
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0.864 
1.565 
1.717 
0.927 
0.634 
0.624 
0.758 
0.390 
0.471 
0.485 
0.358 
1.153 

-6.479 
-6.790 
-2.925 
-8.747 
-0.282 
-3.712 
-2.821 
-1.126 
-5.503 
-4.435 
-4.233 
0.540 

0.0000 
0.0000 
0.0034 
0.0000 
0.7778 
0.0002 
0.0048 
0.2600 
0.0000 
0.0000 
0.0000 
0.5889 
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Table 4d: Contrasts for Hayfever and Various Confounders 

Contrast: Hayfever (1=Yes) by Confounders 
Contrast Variable Difference SE T -Statistic p-Value 
Excellent - Good vs. Fair 0.839 0.872 0.963 0.3358 
Excellent - <3ood vs. Poor 2.815 1.248 2.255 0.0242 
Fair vs. Poor 1.975 1.484 1.331 0.1831 
Excellent - Good vs. Fair/Poor · 1.827 0.780 2.341 0.0192 
Never vs. Ex-smoker 1.023 0.921 1.111 0.2666 
Never vs. Current-smoker 2.121 0.889 2.386 0.0170 
Ex-smoker vs. Current-smoker 1.098 1.001 1.097 0.2728 
18-34 vs. 35-55 -0.139 0.666 -0.209 0.8341 
18-34 vs. 55+ 3.030 0.679 4.460 0.0000 
35-55 vs. 55+ 3.169 0.674 4.701 0.0000 
18-34 vs. 35-55/55+ 1.445 b.582 2.482 0.0131 
With jobs (1,3) vs. No jobs (2,4) 1.916 1.272 1.506 0.1320 

Table Sa: Contrasts for Sinusitis: Three most prevalent industries and occupations against the 
remainder collapsed into one group · 

Difference SE T -Statistic p-Value 
Industry 
Mining vs. OTHER -9.885 6.225 -1 .588 0.1123 
Enter/Rec vs. OTHER -5.868 3.934 -1.492 0.~358 
Pub. Adm. vs. OTHER -2.411 1.830 -1 .318 0.1875 
Buss/Repair vs. OTHER -2.050 1.633 -1.255 0.2093 
Not in Labor vs. OTHER -1 .949 0.773 -2.523 0.0117 
Occupation 
Prof. Spec. vs. OTHER -3.050 1.217 -2.506 0.0122 
Technician vs. OTHER -2.848 2.254 -1 .264 0.2064 
Adm. Support vs. OTHER -3'.300 1.143 -2.886 0.0039 
Not in Labor vs. OTHER -2.548 0.814 -3.130 0.0018 

"'OTHER is the remaining industries collapsed into one group that is used for comparison. 

Table Sb: Contrasts for Asthma: Three most prevalent industries and occupations against the 
remainder collapsed into one group 

Difference SE T -Statistic p-Value 
Industry 
Enter./Rec vs. OTHER -5.926 3.948 -1.501 0.1334 
Agri/Forestry vs. OTHER 0.553 2.147 0.257 0.7968 
Professional vs. OTHER -1.890 1:024 -1 .846 0.0649 
Not in Labor vs. OTHER -2.006 0.787 -2.548 0.0108 
Occupation 
Private Household vs. OTHER 5.632 3.678 1.531 0.1257 
Service Occup. vs. OTHER 0.853 1.281 0.666 0.5055 
Farming/Forestry vs. OTHER 2.464 2.047 1.204 0.2286 
Not in Labor vs. OTHER -1 .370 0.772 -1.776 0.0757 

"'OTHER is the remaining industries collapsed into one group that is used for comparison. 
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Table 5c: Contrasts for Chronic Broncitis: Three most prevalent industries and occupations 
against the remainder collapsed into one group · 

Difference SE T ..Statistic p-Value 
Industry 
Mining vs. OTHER -9.751 6.231 -1 .565 0.1176 
Buss./Repair vs. OTHER -1.916 1.635 -1 .172 0.2411 
Enter./Rec. vs. OTHER -5.735 3.934 -1.458 0.1449 
Not in Laborvs. OTHER -1.815 0.763 -2.379 0.0174 
Occupation 
Prof. Spec. vs. OTHER . -3.050 1.217 -2.506 0.0122 
Technician vs. OTHER -2.848 2.254 -1.264 0.2064 
Adm.Support vs. OTHER -3.300 1.143 -2.886 0.0039 
Not in Labor vs. OTHER -2.548 0.814 -3.130 0.0018 

*OTHER is the remaining industries collapsed into one group that is used for comparison. 

Table 5d: Contrasts for Hayfever: Three most prevalent industries and occupations against the 
remainder collapsed into one group 

Difference SE T -Statistic p-Value 
Industry 
Mining vs. OTHER -10.108 6.226 -1.624 0.1045 
Professional vs. OTHER -2.055 1.021 -2.014 0.0441 
Pub. Adm. vs. OTHER -2.634 1.812 -1.454 0.1461 
Not in Labor vs. OTHER -2.172 0.783 -2.775 0.0055 
Occupation 
Prof. Spec. vs. OTHER -2.344 1.206 -1.944 0.0520 
Technician vs. OTHER -2.143 2.255 -0.950 0.3421 
Protective vs. OTHER 5.554 2.375 2.339 0.0194 
Not in Labor vs. OTHER -1:843 0.787 -2.342 0.0192 

*OTHER is the remaining industries collapsed into one group that is used for comparison. 
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Table 6: Distribution and Relative.Risks for Multiple Conditions. 

Number with % of Those with % of Those with Relative Test of 

Condition 1 Condition 2 Both Condition 1 That Have Condition 2 That Have Risks Association 
Conditions Condition 2 Condition 1 p-value 

Asthma Chronic sinusitis 144 25.0 5.8 1.52 0.001 
Chronic sinusitis Chronic bronchitis 264 10.6 37.8 2.40 0.001 
Asthma Chronic bronchitis 113 19.7 16.2 4.94 0.001 
Chronic sinusitis Hayfever 387 15.6 25.4 1.61 0.001 
*Asthma Hayfever 26 1.7 4.5 * * 
Chronic. bronchitis Hayfever 106 15.2 7.0 1.56 0.001 

"asthma and hayfever without asthma are supposed to be mutually exclusive by definition. 
""29% (n=4358) of the sample had at least one condition. 
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Table 7: Frequencies and Descriptives for Variables of Interest, Compared by Multiple Condition 
' 

Sinusitis and Sinusitis and Sinusitis and Asthma and 
Variable Chronic Chronic Asthma Bronchitis Hayfever Bronchitis 

Age Categories, % (n) 
18-24 0.55 (13) 1.33 (27) 2.48 (47) 0.68(15) 
25-34 0.91 (31) 1.47 (50) 3.12 (104) 0.43 (15) 
35-44 0.79 (23) 1.4 1(43) 2.74 (86) 0.62 (19) 
45-54 0.84 (19) 2.08 (39) 3.08 (62) 0.79(17) 
55-64 1.10 (22) 2.58 (48) 2.61 (45) . 1.07(21) 
65-74 1.80 (29) 2.54 (41) 1.67 (27) 1.09 (18) 
>75 0.80 (7) 1.70(16) 1.79(16) 0.82 (8) 
Total 0.94 (144) °1. 79 (264) 2.65 (387) 0.72 (113) 
Race,% (n) 
White 0.92 (116) 1.92 (~37) 2.72 (326) 0.70 (89) 
Black 1.21(25) 1.12 (24) 2.49 (52) 1:03(22) 
Other 0.51 (3) 0.55 (3) 1.53 (9) 0.43 (2) 
Total 0.94 (144) 1.79 (264) 2.56 (387) 0.72 (113) 
Gender, % (n) 
Male - 0.62 (44) 1.00 (72) 1.92 (130) 0.42 (31) 
Female 1.22 (100) 2.48 (192) 3.29(257) 0.99 (82) 
Total 0.94 (144) 1.79 (264) 2.65 (387) 0.720 (113) 
**Smoking Status, % (n) 
Never 0.78 (28) 1.74 (58) 2.84 (102) 0.55 (22) 
Former 1.14 (21) 1.26 (22) 2.24 (39) 0.74 (13) 
Current 1.07 (23) 2.96(65) 3.24 (68) 1.25 (28) 
Unknown/Missing 0.93 (72) 1.60 (121) 2.49 (170) 0.65 (50) 
Total 0.94 (144) 1.79 (264) 2.65 (387) 0.72 (113) 
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Table 8: Frequencies and Descriptives for Employment Status and Health Status, Compared by Multiple Condition 

Variable 

Employment Status in Past 2 weeks 
Worked in past 2 weeks 
Not in labor force 
***Did not work, has job 
Did not work, no job, looking for work or on layoff 
Total 

Health Status 
Excellent 
Very Good 
Good 
Fair 
Poor 
Unknown 
Total 

Sinusitis 
and 
Asthma 

0.70 (67) 
1.34 (68) 
0.73 (2) 
2.25 (7) 
0.94 (144) 

0.32(15) 
0.79 (32) 
1.19(47) 
1.66 (24) 
4.61 (26) 
0 (0) 
0.94 (144) 

Sinusitis and 
Chronic 
Bronchitis 

1.44 (135) 
2.46 (7) 
1.93 (5} 
1.86 (7) 
1.79 (264) 

0.61 (29} 
1.59 (65) 
2.37(86) 
3.89 (52) 
5.45 (31) 
1.24(1) 
1.79 (264) 

Sinusitis and Asthma and 
Hayfever Chronic 

Bronchitis 

2.61 (241) 0.52 (52) 
2.82 (134) 1.20 (60} 
1.12 (3) 0 (0) 
2.54 (9) 0.28 (1) 
2.45 (387) 0.72 (113) 

1.97 (96) 0.24 (12) 
3.03 (121) 0.4 1(18) 
2.58 (93) 0.83 (32) 
4.0 3(56) 1.87 (25) 
3.51 (21) 4.41 (26) 
o (0) 0 (0) 
2.65 (387) 0.72 (113) 

*Prevalence for nasal polyps and deviated nasal septum were under 1 % (n=54 and n=111 , respectively. 
**Smoking information was only available for about half of the sample. 
***Includes those 1) looking for work, 2) on layoff, 3) on layoff & looking for work, 4) unknown if looking or on layoff. 
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Table 9: Prevalence Ratios for Select Conditions 

Conditions 
Prevalence 95% Confidence x2 p-Value 
Ratio Interval 

Chronic bronchitis and asthma 4.69 3.80-5.80 64.42 0.0000 
Asthma and chronic sinusitis 1.50 1.28-1.74 18.73 0.0000 
Chronic bronchitis and sinusitis 2.37 2.12-2.64 94.53 0.0000 
Hayfever and sinusitis 1.62 1.46-1 .79 51 .69 0.0000 
Hayfever and asthma** 0.38 0.26-0.57 45.92 0.0000 
Hayfever and chronic bronchitis 1.55 1.25-1.91 11 .02 0.0009 

**These conditions are supposed to be mutually exclusive by design of the survey tool. Hayfever is defined as 
"Hayfever without asthma." 

Table 10a: Univariate Logistic Regression Models with Sinusitis as the Dependent Variable and Other 
Independent Terms. 

'(.,'-!:).! ~~~t·:i ;if?.!.-':. .-fn,~"" c: ,.3!i .. UrJ.ivanatifL®~~~~-~iQiJ~Q<ie~witfj§fnujit$:~ tne·De~ri~jiiJV.ai:i~fJf- :~~ 1-.:.:~;.._ · ~4' fri.. ·:~., ~P~_ ~~·~~ 
:~.fii-· ~!\lan_a~l,i~· -L, ·~p;,:J·,~-~,':- "~""~ ,. ~ ,,;.-;-- · . "' ~ 'if. , t ~-~~ ~ it'- ?.!95%-Gdriffiliric~:'". :~ 1;;.. -~i~ "°" ·" • ·~·-5j 

·~_ -· ~: -·:~·. ~ f; ~-~l~. .!--2Log,li.l'"kehh . .,.,.... ~aclds-Raficf_, ~--: -. ·- .:,-3.~,-,. "'(ii-~ ,--.-- ~ ue _ · 
. : !to. ,,_ ~ c-:'c. _, .&,r; _;;-:..:_; _:__c.-=· • ~ - ,.; -.t; l11teJ\I'~ · ,;-;- 'i.i: l?"=tt- ,-.,/~"i:'.!t, • ...:-1 

Asthma 13394.44 1.66 1.36-2.02 < 0.001 

Bronchitis 13235.41 3.19 2.69-3.78 < 0.001 

Hayfever 13333.59 1.83 1.59-2.09 < 0.001 

Race-(White) 13391.67 1.41 1.23-1 .59 < 0.001 

Gender (female) 13328.10 1.53 1.39-1.67 < 0.001 

Age ·13404.19 1.00 1.00-1.01 <0.001 

Age35-54 13389.90 1.31 1.18-1.45 < 0.001 

Age~55 1.22 1.09-1 .36 <0.001 

Fair Health Status 13306.34 1.62 1.42-1.85 <0.001 

Poor Health Status 1.74 1.42-2.13 <0.001 

*Ex-Smokers 6881 .16 1.04 0.88-1 .23 0.63 

Current Smokers 1.12 0.97-1 .29 0.1 4 

Education Status 13332.99 1.00 0.95-1 .05 0.98 

Education Status 13332.17 

High School or Less 0.97 0.81-1 .1 7 o.ns 
1-3 years College 0.99 0.81-1 .20 0.928 

4 years College 0.92 0.74-1.15 0.489 

5+ years College 1.00 - -
*Smoking data was only available for 50% of the population (n=7339) 
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Table 1 Ob:Multivariate Logistic Regression Models with Sinusitis as the Dependent Variable and 
Significant Independent Terms-including all Conditions and a Categorical Age Term .. 

Multivariate Logistic Regression 11/)odel with Sinusitis as the Dependent Variable 
Variable 

-2 Log Likelihood I Odds Ratio I 95% Confidence 
I p-value 

Interval 
Asthma 12942.30 1.35 1.09-1.68 <0.01 · 

Bronchitis 2.65 2.21-3.18 <0.001 

Hayfever 1.76 1.54-2.02 <0.001 

Race-(White) 1.45 1.27-1 .64 <0.001 

Gender (female) 1.47 1.34-1.61 <0.001 

Age35-54 1.27 1.14-1.42 <0.001 
Age~ 55 1.04 0.93-1 .17 0.50 

Fair Health Status 1.53 1.33-1.77 <0.001 
Poor Health Status 1.61 1.28-2.03 <0.001 

Table 1 Oc:Multivariate Logistic Regression Models with Sinusitis as the Dependent Variable and 
Significant Independent Terms-including only Asthma. 

Variable 

Asthma 

Race-(White) 

Age 

Gender (female) 

Fair Health Status 
Poor Health Status 

Multivariate Logistic Regression Model with Sinusitis as the Dependent 
Variable 

I I 95% Confidence I 
-2 Log Likelihood Odds Ratio Interval p-value 

13299.81 
1.51 1.23-1.85 <0.001 

1.52 1.32-1.72 <0.001 

1.00 1.00-1.00 0.608 

1.52 1.37-1.67 <0.001 

1.58 1.38-1.82 <0.001 
1.73 1.40-2.15 <0.001 
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Table 1 Od:Multivariate Logistic Regression Models with Sinusitis as the Dependent Variable and 
Significant Independent Terms-including only Chronic Bronchitis. 

Variable 

Bronchitis 

Race-(\Nhite) 

Age 

Gender (female) 

Fair Health Status 
Poor Health Status 

Multivariate Logistic Regression Model with Sinusitis as the Dependent 
Variable 

2 L L.k 1·h d I Odds Rat1·0 I 95% Confidence I I - og I e I oo Interval p-va ue 

13044.41 
2.79 1.23-1 .85 <0.001 

1.47 1.30-1 .67 <0.001 

1.00 1.00-1 .00 0.773 

1.47 1.35-1 .61 <0.001 

1.51 1.31-1.74 <0.001 
1.60 1.27-2.00 <0.001 

Table 1 Oe:Multivariate Logistic Regression Models with Sinusitis as the Dependent Variable and 
Significant Independent Terms-including only Hayfever. 

Multivariate Logistic Regression Model with Sinusitis as the Dependent Variable 
Variable -2 Log Likelihood · I Odds Ratio I 

95% Confidence 
I p-value Interval 

13105.32 
Hayfever 1.80 1.57-2.07 <0.001 

Race-(White) 1.47 1.28-1 .67 <0.001 

Age 1.00 1.00-1.00 0.373 

Gender (female) 1.52 1.37-1.64 <0.001 

Fair Health Status 1.61 1.40-1 .85 <0.001 
Poor Health Status 1.83 1.40-1 .85 <0.001 
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Table 1 Of: Multivariate Logistic Regression Models with Sinusitis as the Dependent Variable and 
Significant Independent Terms-including only Asthma and an Interaction Term for Race*Gender. 

Variable 

Asthma 

Age 

Race-(White) 

Gender (female) 

Race'"Gender 

Fair Health Status 
Poor Health Status 

Multivariate Logistic Regression Model with Sinusitis as the Dependent 
Variable 

2 L L.k l"h d I Odds Rat,·o I 95% Confidence I · og I e 1 00 lnteival p-value 

13165.60 
1.50 1.23-1.84 <0.001 

1.00 1.00-1.00 <0.604 

1.35 1.16-1 .59 <0.001 

1.47 1.33-1 .61 <0.001 

1.33 0.990-1.82 0.058 

1.58 1.38-1.82 <0.001 
1.73 1.40-2.15 <0.001 

Table 10g: Multivariate Logistic Regression Models with Sinusitis as the Dependent Variable and 
Significant Independent Terms-including only Chronic Bronchitis and an Interaction Term for 
Race*Gender. 

Multivariate Logistic Regression Model with Sinusitis as the Dependent 

Variable 
Variable. 

-2 Log I Odds Ratio I 95% Confidence 
I p-value Likelihood Interval 

13039.94 
Bronchitis 2.80 2.35-3.34 <0.001 

Age 1.00 1.00-1 .00 0.769 

Race-(White) 1.32 1.12-1.54 <0.001 

Gender (female) 1.43 1.30-1 .56 <0.001 

Race*Gender 1.37 1.01-1.85 0.043 

Fair Health Status 1.51 1.31-1.74 <0.001 
Poor Health Status 1.60 1.27-2.00 <0.001 
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Table 1 Oh: Multivariate Logistic Regression Models with Sinusitis as the Dependent Variable and 
Significant Independent Temis-including only_ Hayfever and an Interaction Term for Race*Gender. 

Multivariate Logistic Regression Model with Sinusitis as the Dependent Variable 
Variable 

-2 Log Likelihood I Odds Ratio I 
95% Confidence 

I p-value 
Interval 

13101.62 
Hayfever 1.80 1.57-2.07 <0.001 

Age 1.00 1.00-1 .00 0.371 

Race-(White) 1.33 1.14-1.56 <0.001 

Gender {female) 1.45 1.32-1 .61 <0.001 

Race*Gender 1.33 0.98-1.79 0.068 

Fair Health Status 1.61 1.40-1.85 <0.001 
Poor Health Status 1.83 1.47-2.27 <0.001 

Table 1 Oi: Multivariate Logistic Regression Models with Sinusitis as the Dependent Variable and 
Significant Independent Terms-including all conditions and Continuous Age Term. 

Multivariate Logistic Regression Model with Sinusitis as the Dependent Variable 
Variable -2 Log Likelihood j ·odds Ratio . , 95% Confidence 

I p-value Interval 
13101 .62 

Asthma 1.35 1.08-1 .67 0.008 

Bronchitis 2.64 2.20-3.16 <0.001 

Hayfever 1.78 1.55-2.04 <0.001 

Age 1.00 1.00-1 .00 0.415 

Race-(White) 1.45 1.27-1.64 ~0.001 

Gender {female) 1.45 1.33-1.59 <0.001 

Fair Health Status 1.50 1.30-1 .72 <0.001 
Poor Health Status 1.56 1.24-1.97 <0.001 
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Table 10j: Multivariate Logistic Regression Models with Sinusitis. as the Dependent Variable and 
Significant Independent Terms-including only Chronic Bronchitis and an interaction term for 
Race*Gender. · 

Multivariate Logistic Regression Model with Sinusitis as the Dependent Variable 
Variable 

-2 Log Likelihood I Odds Ratio I 
95% Confidence 

I p-value lntesval 
13101 .62 

Asthma 1.34 1.08-1.67 0.009 

Bronchitis 2.64 2.20-3.17 <0.001 

Hayfever 1.78 1.55-2.04 <0.001 

Age 1.001 1.000-1 .004 0.413 

Race-(VVhite) 1.30 1.11-1.54 <0.001 

Gender (female) 1.41 1.28-1 .56 <0.001 

Race*Gender 1.33 0.99-1 .82 0.060 

Fair Health Status 1.50 1.30-1 .72 <0.001 
Poor Health Status 1.56 1.24-1 .97 <0.001 
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Table 10k: Multivariate Logistic Regression Models with Sinusitis as the Dependent Variable and 
Significant Independent Terms-including all conditions, categorical age and an interaction term for 
Race*Gender. 

Variable 

Asthma 

Bronchitis 

Hayfever 

Age35 
Age55 

Race-(White) 

Gender (female) 

Race*Gender 

Fair Health Status 
Poor Health Status 

Multivariate Logistic Regression Model with Sinusitis as the Dependent 
Variable 

2 L L.k l"h d I Odds Rat1·0 I 95% Confidence I I - og I e , oo Interval p-va ue 

12938.52 
1.35 1.08-1 .68 0.009 

2.66 2.21-3.19 <0.001 

1.76 1.54-2.02 <0.001 

1.27 1.14-1.42 <0.001 
1.04 0.93-1 .18 0.493 

1.31 1.12-1.54 <0.001 

1.42 1.29-1.57 <0.001 

1.33 0.99-1 .80 0.064 

1.53 1.33-1 .77 <0.001 
1.61 1.28-2.03 <0.001 
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Table 11 a: Univariate Logistic Regression Models with Asthma as the Dependent Variable and Other 
Independent Terms. 

Univariate Logistic Regression Models with Asthma as the Dependent Variable 
Variable 

-2 Log Likelihood Odds Ratio 
95% Confidence p-value Interval 

Race-(Non-White) 4786.15 1.16 0.93-1 .46 0.195 

Gender (female) 4777.04 1.33 1.11-1.59 0.003 

Age (continuous) 4787.46 1.00 1.00-1 .01 0.574 

Age35-54 4781.47 0.84 0.68-1 .03 0.103 

Age~55 1.10 0.90-1 .34 0.364 

Fair Health Status 4659.19 2.15 1.71-2.70 <0.001. 

Poor Health Status 4.47 3.40-5.88 <0.001 

*Never Smokers 2498.12 1.15 0.87-1.51 0.322 

Ex-Smokers 1.22 0.88-1.68 0.240 

Education Status 4744.69 

High School or Less 1.16 0.81-1 .65 0.417 

1-3 years College 1.03 0.70-1 .50 0.893 

4 years.College 0.99 0.64-1 .52 0.956 

5+ years College 1.00 - -
*Smoking data was only available for 50% of the population (n=7339); Reference population 1s current smokers. 

Table 11 b: Multivariate Logistic Regression Models with Asthma as the Dependent Variable and 
Gender and Health Status as Independent Tem1s. 

Variable 

Gender (female) 

Fair Health Status 
Poor Health Status 

Multivariate Logistic Regression Model with Asthma as the Dependent 
Variable 

-2 Log Likelihood I Octds Ratio I 95% 1~~:=~nce . I p-value 

4650.12 
1.30 

2.13 
4.45 

1.09-1 .56 

1.52-3.03 
3.45-5.88 

0.005 

<0.001 
<0.001 
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Table 11 c: Multivariate Logistic Regression Models with Asthma as the Dependent Variable and Age­
continuous, Race, Gender and Health Status as Independent Terms. 

Variable 

Age 

Race 

Gender (female) 

Fair Health Status 
Poor Health Status 

• 

Multivariate Logistic Regression Model with Asthma as the Dependent 
Variable 

-2 Log 
Likelihood 

4641.12 

I Odds Ratio f 95% Confidence f 

Interval 

0.992 0.987-0.998 

0.996 0.79-1.25 

1.31 1.10-1 .59 

2.34 1.84-2.99 
5.24 3.85-7.13 

p-value 

0.004 

0.969 

0.004 

<0.001 
<0.001 

Table 11d: Multivariate Logistic Regression Models with Asthma as the Dependent Variable and Age­
categoricals, Race, Gender and Health Status as Independent Terms. 

Variable 

Age35 
Age55 

Race 

Gender (female) 

Fair Health Status 
Poor Health Status 

Multivariate Logistic Regressior:i Model with Asthma as the Dependent 
Variable 

-2 Log 
Likelihood 

4642.28 

I Odds Ratlo f 95% Confidence f 

Interval 

0.77 0.62-0.95 
0.76 0.61-0.97 

1.01 0.80-1.26 

1.31 1.08-1 .57 

2.26 1.77-2.88 
4.96 3.65-6.74 

p-value 

0.017 
0.026 

0.965 

0.005 

<0.001 
<0.001 
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Table 12a: Univariate Logistic Regression Models with Chronic Bronchitis as the Dependent Variable 
and Other Independent Terms. 

Univariate Logistic Regression Models with Bronchitis as the Dependent 

Variable Variable 

-2 Log Likelihood Odds Ratio 95% Confidence p-value Interval 

Race-(White) 5683.38 1.28 1.01-1.61 0.041 

Gender (female) 5630.76 1.82 1.54-2.17 <0.001 

Age (continuous) 5657.95 1.01 1.01-1 .02 <0.001 

Age35-54 5650.56 1.12 0.92-1.36 <0.262 

Age~ 55 1.72 1.41-2.08 <0.001 

Fair Health Status 5524.11 2.58 2.08-3.20 <0.001 

Poor Health Status 4.17 3.23-5.40 <0.001 

*Ex-Smokers 2911.28 1.04 0.78-1.39 0.776 

Current Smokers 1.57 1.25-1.97 <0.001 

Education Status 5642.62 

High School or Less 1.27 0.94-1 .72 0.124 

1-3 years College 1.24 0.87-1 .76 0.239 

4 years College 1.07 0.73-1 .56 0.737 

5+ years College 1.00 - -
*Smoking data was only available for 50% of the population (n=7339) 
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Table 12b: Multivariate Logistic Regression Models with Chronic Bronchitis as the D~pendent 
Variable and Age-Continuous, Race, Gender and Health Status as Independent Terms. 

Multivariate Logistic Regression Model with Bronchitis as the Dependent 

Variable 
Variable 

-2 Log Likelihood I Odds Ratio I 95% l~~e:=~nce I p-value 

5457.91 
Age 1.002 0.998-1 .007 0.291 

Race (white) 1.47 1.15-1 .89 0.002 

Gender (female) 1.82 1.52-2.13 <0.001 

Fair Health Status 2.46 1.97-3.07 <0.001 
Poor Health Status 4.22 3.19-5.57 <0.001 
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Table 12c: Multivariate Logistic Regression Models with Chronic Bronchitis as the Dependent Variable 
and Age-Categorical, Race, Gender and Health Status as Independent Terms. 

Multivariate Logistic Regression Model with Bronchitis as the Dependent Variable 
Variable 

-2 Log Likelihood I Odds Ratio I 95% Confidence l p-value Interval 
5455.35 

Age35 1.03 O.B4-1.25 0.786 
Age55 1.20 0.97-1.47 0.092 

Race (white) 1.47 1.15-1.87 0.003 

Gender (female) 1..80 1.52-2.14 <0.001 

Fair Health Status 2.40 1.92-3.01 <0.001 
Poor Health Status 4.08 3.09-5.38 <0.001 

Table 12d: Multivariate Logistic Regression Models with Chronic Bronchitis as the Dependent 
Variable and Age-Continuous, Race, Gender, Smoking and Health Status as Independent Terms. 

Multivariate Logistic Regression Model with Bronchitis as the Dependent Variable 
Variable 

-2 Log Likelihood I Odds Ratio I 
95% Confidence 

J 
p-value Interval 

2746.38 
Age 1.01 1.00-1 .01 0.044 

Race.(white) 1.47 1.09-1 .96 0.012 

Gender (female) 2.13 1.64-2.70 <0.001 

*Never Smokers 0.57 0.44-0.73 <0.001 
Ex-Smokers 0.62 0.46-0.84 0.002 

Fair Health Status 2.53 1.92-3.33 <0.001 
Poor Health Status 4.43 3.12-6.30 <0.001 

*Reference group ,s current smokers. 
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Table 12e: Multivariate Logistic Regression Models with Chronic Bronchitis as the Dependent 
Variable and Age-Categorical, Race, Gender, Smoking and Health Status as Independent Terms. 

Multivariate Logistic Regression Model with Bronchitis as the Dependent Variable 
Variable 

-2 Log Likelihood I Odds Ratio I 
95% Confidence 

I p-value Interval 
2743.68 

Age35 1.00 0.76-1.31 0.985 
Age55 1.36 1.02-1.81 0.037 

Race (white) 1.46 1.08-1 .96 0.015 

Gender (female) 2.10 1.64-2.70 <0.001 

*Never-Smokers 0.57 0.44-0.72 <0.001 
Former Smokers 0.62 0.46-0.83 0.002 

Fair Health Status 2.48 1.89-3.27 <0.001 
Poor Health Status 4.35 3.06-6.19 <0.001 

*Reference group is current smokers. 

Table 13a: Univariate Logistic Regression Models with Hayfever as the Dependent Variable and 
Other !~dependent Terms. 

Univariate Logistic Regression Models with Hayfever as the Dependent Variable 
Variable -2 Log Likelihood Odds Ratio 95% Confidence p-value Interval 

Race-(White) 9851 .18 1.52 1.28-1 .79 <0.001 

Gender (female) 9865.65 1.18 1.06-1 .32 0.003 

Age (continuous) 9844.36 0.99 0.99-0.99 <0.001 

Age35-54 9842.10 1.01 0.89-1.15 0.834 

Age;::: 55 0.71 0.60-0.82 <0.001 

Fair Health Status 9850.51 0.91 0.75-1.10 0.350 

Poor Health Status 0.71 0.51-0.99 0.048 

"Ex-Smokers 5114.99 0.90 0.76-1.08 0.272 

Current Smokers 0.80 0.67-0.96 0.019 

Education Status 9695.97 

High Schoo! or Less 0.44 0.37-0.52 <0.001 

1-3 years College 0.68 0.56-0.82 <0.001 

4 years College 0.77 0.62-0.96 0.021 

5+ years College 1.00 - -
*Smoking data was only available for 50% of the population (n=7339) 
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Table 13b: Multiariate Logistic Regression Models with Hayfever as the Dependent Variable and Age, 
Race, Gender, Health Status, Education Status and Gender*Race as Independent Terms, 

Multivariate Logistic Regression Model with Hayfever as the Dependent Variable 
Variable 

-2 Log Likelihood j Odds Ratio j 
95% Confidence 

I p-value Interval 
9616.32 

Age 0.99 0.99-1.00 <0.001 

Race (white) 1.33 1.08-1.64 0.010 

Gender (female) 1.20 1.06-1 .35 0.002 

Fair Health Status 1.22 1.00-1 .49 0.050 
Poor Health Status 1.05 0.74-1.49 0.772 

Education Status 
High School or Less 0.44 0.37-0.52 <0.001 
1-3 years College 0.65 0.54-0.79 <0.001 
4 years College 0.76 0.61-0.95 0.015 
5+ years College (ref grp) 1.00 - . 

Gender*Race (white/female) 1.41 0.51 -0.99 0.044 

Table 14 : Onset of Conditions 

% (n) % (n) Chronic % (n) Chronic % (n) Hayfever 
Onset Asthma Sinusitis Bronchitis (no asthma) 
During past 2 weeks 0.2(1) * .. 0.1 (1) 
Over 2 weeks to 3 months 1.0 (6) * * 0.9 (14) 
Over 3 Months to 12 Months 5.2 (30) 7.5 (186) 38.2 (267) 2.7 (41) 
Over 1 Year to 5 Years 13.6 (78) 20.6 (511) 18.6 (130) 16.9 (258) 
Over5 years 80.0 (460) 72.0 (1788) 43.2 (302) 79.4(121 1) 

*Chronic Conditions are defined as those with a duration of at least 3 months 
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Table 15: Frequencies and Descriptives for Industry at Onset of Condition, Compared by 
Condition 

Industry Sinusitis Asthma Chronic 
Bronchitis 

Agriculture, forestry, fisheries 2.8 (7) 3.6 (1) 0.9 (1) 

Mining 0.4(1} 0.9 (1) 

Construction 6.5 (16) 3.6 (4) 

Manufacturing 15.4 (38) 21.4 (6) 17.1 (19) 

Transportation, communications & other public utilities 3.3 (8) 8.1 (9) 

Wholesale trade 1.2 (3) 0.9 (1) 

Retail trade 12.2 (30) 3.6 (1) 8.1 (9) 

Finance, insurance, & real estate 4.5 (11) 7.1 (2) 5.4 (6) 

Business & repair services 8.1 (20) 10.7 (3) 3.6 (4) 

Personal services 2.4 (6) 2.7 (3) 

Entertainment & recreation services 2.4 (6) 0.9 (1) 

Professional & related services 13.0 (32} 21.4 (6) 23.4 (26} 

Public administration 4.9 (12) 4.5 (5) 

Unknown 22.8 (56) 32.1 (9) 19.8 (22) 
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Table 16: Frequencies and Descriptives for Occupation at Onset of Condition, Compared 
by Condition 

Occupation 

Executive, administration & managerial occupations 

Professional specialty occupations 

Technicians & related support occupations 

Sates occupations 

Administrative support occupations, including clerical 

Private household occupations 

Protective service occupations 

Service occupations, except protective & household 

Fanning, forestry, fishing occupations 

Precision, production, craft & repair occupations 

Machine operators, assemblers, inspectors 

Transportation & material moving occupations 

Handlers, equipment cleaners, helpers & laborers 

Unknown occupation (includes new workers) 

Not in labor force 
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Sinusitis 

10.5 (27) 

15.6 (40) 

3.5 (9) 

9.4 (24) 

21 .5 (55) 

1.6(4) 

0.8 (2) 

10.2 (26) 

2.3 (6) 

10.5 (27) 

5.5 (14) 

2.7 (7) 

4.7 (12) 

0.4 (1) 

0.8 (2) 

Asthma 

17.2 (5) 

6.9 (2) 

3.4 (1) 

10.3 (3) 

24.1 (7) 

10.3 (3) 

3.4 (1) 

3.4 (1) 

10.3 (3) 

6.9 (2) 

3.4 (1) 

Chronic 
Bronchitis 

7.8 (9) 

20.0{23) 

5.2 (6) 

8.7(10) 

25.2 (29) 

0.9 (1) 

8.7 (10) 

0.9 (1) 

6.1 (7) 

9.6 (11) 

3.5 (4) 

3.5 (4) 
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Table 17:: Frequencies for Cross-Tabulations of Industry against Occupation at Onset of 
Chronic Sinusitis 

' Sinusitis Onset Occupation 
01 02 03 04 05 06 
Executive, Professional Technicians Sales Admin. Private 
Admin.,& Specialty &Related Occupations Support Household 
Managerial Occupations Support Occupations, Occupations 
Occupations Occupations Ind. Clerical 

N N N N N N 

Sinusitis Onset Industry 
Agriculture, Forest,y, & 
Fisheries 2.00 1.00 
Mining 
Construction 2.00 1.00 1.00 1.00 
Manufacturing 5.00 4.00 2.00 6.00 
Transportation, 
Communications & Other Public 
Utilities 1.00 1.00 1.00 2.00 
Wholesale Trade 1.00 
Retail Trade 3.00 2.00 9.00 4.00 
Finance, Insurance, & Real 
Estate 2.00 1.00 2.00 1.00 5.00 
Business & Repair Services 2.00 1.00 4.00 8.00 
Personal Services 1.00 1.00 
Entertainment & Recreation 
Services 1.00 2.00 
Prqfessional & Related Services 

3.00 16.00 1.00 5.00 
Public Administration 3.00 3.00 5.00 
Unknown (includes new 
workers) 3.00 10.00 3.00 4.00 14.00 2.00 
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07 
Protective 
Seivice 
Occupations 

N 

1.00 

1.00 



Table 17: (continued): Frequencies for Cross-Tabulations of Industry against Occupation 
at Onset of Chronic Sinusitis 

-.-- . ...-.~-,, ~ ... r;-, .. ._ ...:,1-.. ·.i· .... -~.Jr1~E1="~e1.,.~,;.,. i[§!n.1;1ii!!.s~~~rf§_tic5i);;, .;;;~:rii':,_.. " • ~-~ :;;.~J!,-
08 09 10 11 12 13 16 
Service Fanning, Precision Machine Transporta- Handlers, Military 
Occupations, Forestry, & Production, Operators, lion & Material Equipment 
Except Fishing Craft& Assemblers & Moving Cleaners, 
Protective & Ocx:upations Repair Inspectors Occupations Helpers& 
Household Occupations Laborers 

N N N N N N N 

:: ~/.ii!:.t~i~~: -··t··~t -~ J.t ~3~~t.~ -:r~-~~ 
; .· <f~jnu~i.ti~Qnset.Lri®@ ·. ·-

Agriculture, Forestry, & 
Fisheries 1.00 1.00 1.00 1.00 
Mining . 1.00 

Construction 9.00 1.00 1.00 -

Manufacturing 1.00 6.00 10.00 2.00 1.00 

Transportation, 
Communications & Other 
Public Utilities 2.00 1.00 
'Mlolesale Trade 1.00 1.00 

Retail Trade 7.00 1.00 2.00 2.00 

Finance, Insurance, & Real 
Estate 
Business & Repair Services 

3.00 1.00 1.00 
Personal Services 3.00 1.00 

Entertainment & Recreation 
Services . 3.00 
Professional & Related 
Services 5.00 1.00 1.00 
Public Administration · 

Unknown (includes new 3.00 3.00 6.00 1.00 1.00 5.00 1.00 
workers) 
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Table 18: Projected Prevalence of Sinusitis in Industries Nationwide Based on NHIS 
Prevalence estimates of Sinusitis and BLS data for 1988 

Industry 

Mining 
Construction 
Manufacturing 
Transportation 
Wholesale Trade 
Retaif Trade 
Finance 
Business and Repair Services 
Personal Services 
Entertainment 
Professional and Related Services 

NHIS 
Sinusitis 
Prevalence 
Estimate 
(SUDAAN) 
25.8 
12.9 
15.6 
15.1 
16.7 
16.4 
16.7 
18.0 
15.2 
21.8 
17.8 

BLS National 
Estimate of 
Full Time 
Employees 

713,000 
5,098,000 
19,314,000 

· 5,512,000 
6,030,000 
19,023,000 
6,630,000 
5,822,000 
2,596,000 
1,318,000 
15,130,000 

Expected 
number of 
Prevalent 
Cases 

183,954 
657,642 
3,012,984 
832,312 
1,007,010 
3,119,772 
1,107,210 
1,047,960 
394,592 . 
287,324 
2,693,140 

Calculations: NHIS Prevalence x BLS estimate = Estimate of National Prevalence 
(Mining: 0.258 x 713,00 = 183,954) 

95% Confidence 
Intervals 

183,942 - 183,966 
657,639 - 657,645 
3,012,982 - 3,012,986 
832,309 - 832,315 
1,007,005-1,007,015 
3, 119,770- 3,119,774 
1,107,207 -1,107,213 
1,047,957 -1,047,963 
394,588 - 394,596 
287-316- 287,332 
2,693,138 -2,693, 142 

Confidence Intervals are calculated using Estimate of National Prevalence ± 1.96 x standard error of the 
prevalence estimate 
(Mining: 183,954 ± (6.28 x 1.96)) 
-sLS does not have estimates for the Agricultural Sector 

Table 19: Projected Prevalence of Asthma in Industries Nationwide Based on NHIS 
Prevalence estimates of Sinusitis and BLS data for 1988 · 

1988 NHIS 1988 BLS Expected 95% Confidence 
Industry Asthma National Number of Intervals 

Prevalence Estimate of Prevalent 
Estimate Full Time Cases 
{SUDAAN) Employees 

Mining 3.3 713,000 23,529 23,525 - 23,533 
Construction 1.6 5,098,000 81 ,568 81 ,567 - 81 ,569 
Manufacturing 2.5 19,314,000 482,850 482,849 - 482,851 
Transportation 3.3 5,512,000 181 ,896 181,894 - 181,898 
Wholesale Trade 2.1 6,030,000 126,630 126,628 -126,632 
Retail Trade . 

3.4 19,023,000 646,782 646,781 -646,783 
Finance 3.9 6,630,000 258,570 258,569 - 258, 571 
Business and Repair Services 3.9 5,822,000 227,058 227,057 - 227,059 
Personal Services 2.8 2,596,000 72,688 72,686- 72,690 
Entertainment 9.4 1,318,000 123,892 123,886 - 123,898 
Professional and Related Services 4.1 15,130,000 620,330 620,329 - 620,331 

Calculations: NHIS Prevalence x BLS estimate= Estimate of National Prevalence 

Standard 
Error of 
SUDAAN 
estimate 

6.28 
1.31 
0.93 
1-41 
2.32 
1.04 
1.57 
1.59 
1.83 
3.91 
0.99 

Standard 
Error of 
SUDAAN 
estimate 

2.26 
0.51 
0.36 
0.78 
0.78 
0.50 
0.75 
0.76 
0.79 
3.09 
0.45 

Confidence Intervals are calculated using Estimate of National Prevalence ± 1.96 x standard error of 
the prevalence estimate 
-sLS does not have estimates for the Agricultural Sector 
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Table 20: Projected "Incidence Estimates" of Sinusitis in Industries Nationwide Based on 
NHIS Sinusitis Onset Estimates and BLS data for 1988 

NHIS Onset of 
Industry Sinusitis 

Estimate (SAS) 

Mining 0.53 
Construction 8.4 
Manufacturing 20.0 
Transportation 4.2 
Wholesale Trade 1.6 
Retail Trade 15.8 
Finance 5.8 
Business and Repair Services 10.5 
Personal Services 3.2 
Entertainment 16.8 
Professional an9 Related Services 6.3 

Calculation: NHIS Prevalence X BLS estimate 
...... BLS does not have estimates for the Agricultural Sector 
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BLS National 
Estimate of 
Full Time 
Employees 
713,000 
s,098;ooo 
19,314,000 
5,512,000 
6,030,000 
19,023,009 
6,630,000 
5,822,000 
2,596,000 . 
1,318,000 
15,130,000 . 

Expected 
Number of 
'New Onset' 
Cases 
3779 
428,232 
3,862,800 
231,504 
106,080 
3,005,634 
384,540 
611,310 
83,072 
221,424 
953,190 

~arch 19, 1999 



Table21: The Three Most Prevalent Industries for Chronic Sinusitis and Asthma 

95% Chronic 95% 
Industry n Asthma Confidence Sinusitis Confidence 

Intervals Intervals 

Agriculture, Forestry, Fisheries 306 1.16(13) 0.67-2.01 

p:::0.62 
Mining 59 1.54(15) 0.97-2.45 

p=0.16 
Entertainment & Recreation Services 127 2.51 (11) 1.34-4.71 1.30 (26) 0.92-1.84 

p=0.073 p=0.20 

Professional & Related Services 1993 1.08 (83) 0.86-1.36 
p=0.51 

Public Administration 505 1.0_9 (98) 0.90-1.33 
p=0.38 

Not in Labor Force 4860 1.52 (250) 1.29-1.79 
p<0.000 

P values for the to Mantel Haenszel Tests of Association chi-squares 

Table 22: The Three Most Prevalent Occupations for Chronic Sinusitis and Asthma 

95% Chronic 95% Confidence Occupation n Asthma n Confidence Sinusitis 
n 

Intervals Intervals 
Professional specialty 1291 1.10 238 0.98-1 .25 
occupations p=0.14 
technicians & related support 309 1.08 57 0.86-1.37 
occupations ,p=0.53 
administrative support 1486 0.95 51 0.72-1.26 1.12 276 1.00-1.26 
occupations, including clerical p=0.74 p=0.065 
not in labor force 4860 1.52 250 1.29-1 .79 

p<0.000 

P values for the to Mantel Haenszel Tests of Assoc chi-squares 
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IV. INVESTIGATION OF SINUSITIS IN A LIME EXPOSED COHORT 

A. IN1ROOUCllON AND BACKGROUND 

This study was originally conducted to investigate the acute and chronic respiratory effects 

of quicklime (yalcium oxide) and hydrated lime (calcium hydroxide) particulate exposures in 

the processing of mined limestone (Wegman, 1991). The initial investigation included 832 

workers from 29 limestone quarries and lime mills. Work related chronic effects were 

assessed in terms of chronic deficits in pulmonary function and chronic respiratory 

symptom reports, as measured by spirometry and the administration of the American 

Thoracic Society standard questionnaire. The ATS questionnaire included a series of 

questions about chronic nose and sinus problems, which queried about the presence of a 

deviated nasal septum, nasal or sinus polyps, allergic rhinitis, chronic sinusitis, nose or 

sinus surgery and nose or sinus injuries. These questions were not analyzed. Past 

exposures were categorized in terms of type of lime exposure ( quicklime, hydrated lime, 

both or netther) and years employed in each category. Current exposure was estimated for 

363 employees, based on 422 environmental samples collected in 24 different plants. 

Roughly 290 workers, who were unexposed to lime dust were used as a comparison group. 

A calcium analysis was also performed on each total particulate sample to determine 

calcium concentrations. Seven hundred and twenty five of the 832 participants were 

included in the survey of acute health effects. Acute effects were assessed using peak 

expiratory flow rates in conjunction with symptom questionnaires that were collected at the 

beginning and end of a work shift. These data allowed the investigators to identify those 

acute respiratory irritant symptoms that occurred during workday exposures. 

Investigation of chronic respiratory health effects provided evidence of an increased rate of 

dyspnea and chest tightness in those workers with more than fifteen years of hydrated lime 

exposure. The prevalence of asthma is slightly higher in exposed.individuals when 

compared to unexposed workers (8.1 % versus 6.1 %). There was no real difference in the 

prevalence of bronchitis in the exposed and unexposed groups. Although the study did not 

identify any overall chronic changes in the pulmonary function of exposed workers, those 

reporting dyspnea did have 5% lower FEV1 (percent predicted) than those without-dyspnea. 
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When comparing baseline pulmonary function in the exposed and unexposed groups, FVC 

was similar, but FEV1 was ·significantly lower among the exposed. This relationship was 

confounded by smoking and stratified analyses demqnstrate this lower FEV1 only among 

ever-smokers (Table 1). Those with past exposure to hydrated lime were significantly more 

likely to report more chronic cough, wheeze and chest tightness than the unexposed group 

(Table 2). When the data were s~ratified on smoking status these significant relative risks 

were even stronger in the never smokers (data not shown). In contrast to those in hydrated 

lime jobs, those exposed to quicklime did not demonstrate increased prevalence of these 

symptoms (data not shown). 

Acute nose irritation, throat irritation and cough were significantly associated with hydrated 

lime jobs (Table 3). There was also evidence of an association between cough and total 

dust and calcium exposure. Because there is extensive respirator use in the industry, the 

results may in fact, be under-estimates of the true exposure response relationships for 

these compounds. 

This is an interesting cohort in which to examine the relationships between sinusitis, dust 

exposure and the previously described respiratory outcomes. Sinusitis had not yet been 

evaluated in this data set. There is evidence that hydrated lime exposure is associated with 

both chronic and acute respiratory health outcomes. It appears to affect both the upper and 

lower airways. The size of the cohort provided sufficient power to examine the more 

general relationships between sinusitis and the chronic conditions and symptoms 

addressed in the ATS questionnaire. The questions administered also permitted 

investigation of other sinus-related conditions including history of sinus surgery. 

8. METHODS AND STUDY POPULATION 

1. Population Demographics 

The demographics of the population have already been well-described in previous 

analyses (Wegman, 1991). Some of these analyses were repeated to ensure that the 

data set we used was in tact and represented that used for previous analyses. 
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2. Conditions of Interest 

Symptoms and Conditions: Simple descriptive analyses were conducted on the 

conditions of interest including: chronic sinusitis, asthma, cough, wheeze, phlegm, 

chronic bronchitis, bronchitis, hay fever, deviated nasal septum, nasal or sinus polyp, 

allergic rhinitis, sinus surgery. 

Pulmonary Function Measures: Outcomes of interest relating to pulmonary function 

included the following measures: FEV1, FVC and PEF. Maximal values of each of these 

measures were used in the analyses. 

3. Analysis 

Descriptive and Modeling: Initially, simple descriptive statistics were completed, followed 

by logistic regression and Breslow-Cox prevalence ratio models. Adjusted odds ratios 

are typically used with data of this type to evaluate effect modification and control 

confounding. Potential confouhders and modifiers were included in the models if they 

significantly changed the beta. of the parameter of interest. 

Axelson recommends that a prevalence ratio rather than an odds ratio be calculated in 

cross-sectional investigations of prevalent conditions (Axelson, 1994). His argument 

revolves around the observation that the odds ratio becomes a poor measure of effect 

in closed populations, when the health outcome is not rare. In these instances the odds 

ratios are less precise over-estimates of the "true effect". He recommends the use of 

the Cox proportional hazards model (modified by Breslow) to estimate effect (Breslow, 

1974). Although this rate ratio can technically be calculated using logistic regression, it 

is not commonly done and more importantly the appropriate standard error is not 

estimated by logistic regression software. The Cox regression gives the risk ratio and 

its appropriate standard error (Lee, 1986, 1993, 1994). Because the Breslow-Cox 

approach is still infrequently used, we compared its results to those of logistic 

regression. 

The dichotomous outcome variable was report of chronic sinusitis. Explanatory 

variables included exposure and the following potential confounders: age, gender, race, 

smoking and atopic status or hayfever. 
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Because current exposures in this data set were so well measured and because they 

are often well correl?tted with past exposures, current exposures were evaluate9 in 

these analyses. Two types of exposure variables were evaluated. Type of lime­

quicklime, hydrated lime and mixed exposures- were compared to those without lime 

exposure. Total particulate level was trichotomized into three groups representing low 

(0-2.4 mg/m3
) , medium (2.5-4.9 mg/m3

) and high (~ 5 mg/m3
) exposure. Dummys 

representing these varibables were used in the analyses. Tests of linear trends in 

proportions were also calculated to measure dose response relationships. Each of 

these exposure variables was examined individually for an association with chronic 

sinusitis and the other conditions of interest. Exposure was considered continuously as 

well as dichotomously. Dose response relationships were also examined in this cohort. 

C. RESULlS 

1. Descriptive Analyses 

Demographics of the population: The population was largely white (91 % ) and male 

(97%) and had a mean age of 38.8 years old (fable 4). Forty percent of the population 

was current smokers, while 32% had never smoked. Of all three exposure types the 

majority of the population for whom exposure measures were collected, were exposed 

to quicklime (52%). There were roughly equal proportions of workers exposed to each 

hydrated lime and to a mixture of both forms of lime (13%). When total particulate 

exposure was trichotomized into groups representing low (0-2.4 mg/m3), medium (2.5-

4.9 mg/m3
) and high (~5 mg/m3

) exposure categories, 55% of the population had low 

exposure as compared to 28% who had high exposure. Median exposure levels were 

as follows: Calcium oxide- 0.84 mg/m3; calcium hydroxide- 1.72 mg/m3
; total particulate-

2.10 mg/m3
; and dust line 24. 

Prevalence of Conditions: Reports of usual phlegm, cough and bronchitis were the most 

prevalent of all the conditions ranging in prevalence from 24% to 15% (fable 4). 

Hayfever, wheeze, asthma, and sinusitis were reported in similar proportions ranging 

from 10% to 6%, whereas rhinitis and chronic bronchitis only affected between 3 and 4 

percent of the population. 
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Prevalence Ratios for Multiple Conditions: Prevalence ratios were calculated for pairs of 

each of the conditio!1s under study (Tables 5a-5d). Overall, the conditions are very 

highly associated with each other. Sinusitis was most strongly associated with rhinitis 

(PR=7.97, p<0.001), chronic bronchitis (PR=4.48, p<0.001). Those reporting sinusitis 

were about twice as likely to report bronchitis, wheeze, cough, shortness of breath and 

hayfever. There were only borderline associations between sinusitis and asthma and 

chest tightness (PR=1.18, p=0.10;PR=1.38, p=0.16). Women reported sinusitis 12% 

more often than did males (p=0.05). Smoking status did not appear to be associated 

with sinusitis nor did age or type of exposure. Particulate level however demonstrated 

borderline associations with reports of sinusitis in those with exposures greater than or 

equal to 5 mg/m3 when compared to those with exposures under 2.5 mg/m3
. The test 

for linear trend in proportions also demonstrated borderline significance (p=O .12). 

Those reporting asthma were about three times more likely to report bronchitis, chronic 

bronchitis, wheeze and hayfever. Cough and phlegm had borderline associations with 

asthma with prevalence ratios close to two. The association between gender and 

asthma could not be evaluated as no women reported asthma. Race did not appear to 

be associated with asthma, though the number of non-whites was minimal. Age was 

associated with asthma as were smoking status and exposure type. The mean age for 

those reporting asthma was 35.5 versus 39.0 for those without asthma (p=0.02). Never 

smokers were more likely.to report smoking than were current or ex-smokers. Asthma 

prevalence appeared to be higher in those with quicklime or mixed exposures, ~hough 

these relationships were based on only one case occurring in the unexposed group so 

they must be interpreted with caution. Total particulate level was not associated with 

asthma prevalence. 

Chronic bronchitis was strongly associated with wheeze, phlegm and cough with 

prevalence ratios ranging from 3.2 to 5.4 (p<0.01 for each). Women were about three 

times more likely to report chronic bronchitis than were men, though this relationship 

had borderline significance (p=0.14). Current smokers when compared to never 

smokers may have increased risk of chronic bronchitis (PR=1.9, p=0.18). There was no 

relationship between exposure type and chronic bronchitis, but there was indication of a 
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borderline association between total particulate exposure, when comparing the high and 

low exposure group~, The test for linear trend also demonstrated a borderline dose 

response relationship (p=0.18). 

Bronchitis, not surprisingly is most associated with chronic bronchitis (PR 7.9, p<0.01). 

It is also strongly associated with wheeze, cough and phlegm and has borderline 

associations with rhinitis and hayfever. It is more prevalent in whites (2.21 , p=0.05) and 

in those with high total particulate level as compared to those with low exposure. There 

is a relatively strong dose response relationship with total particulate (p=0.05). 

Measures of Pulmonary Function: There was no consistent pattern betwe~n the 

conditions investigated and the maximum values of FEV1, FVC and PEFR. 

2. Models 

Univariate and multivariate models were constructed for each of four outcome variables: 

sinusitis, asthma, chronic bronchitis and bronchitis (Tables 7-13). Cox proportional 

hazards and logistic regression models were conducted side by side to ensure 

comparability. Only the Cox proportional hazards models are included in this report. 

Results were comparable for each model. The multivariate models were not very robust 

for several reasons: exposure measurements were limited, disease prevalence was 

lower than expected, and the cohort was predominantly white and male so that gender 

and race variables were difficult to evaluate. Only the univariate models were useful in 

evaluating chronic sinusitis (Table 7). The information gained from the multivariate 

models did not differ significantly from the univariate analyses. 

Age, race and smoking status (Table 7) were not associated with chronic sinusitis, 

though packyears demonstrated a weak association (PR=1 .01, p=0.18). Neither the 

type of lime exposure nor the dust line estimates were particularly associated with 

chronic sinusitis. When considering exposure to total particulate, there appears to be a 

weak dose-response relationship. Those in the high total particulate exposure category 

demonstrate a borderline ass~ciation when compared to those in the low exposure 

group, (PR=2.26, p=0.14). Those in the medium exposure category did not 

demonstrate increased risk of disease (PR=1 .56, p=0.53). Each of the conditions 
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investigated demonstrated strong associations with chronic sinusitis, except for those 

reporting usual phle.9m. This association had borderline significance (PR=1.58, 

p=0.13). 

Age was significantly associated with reports of doctor diagnosed asthma (Table 8). 

Asthma decreased with age in this population (PR=0.97, p=0.03). No women reported 

asthma in this population. Race was not predictive of disease state, though smoking 

status and packyears were negatively associated with reports of asthma. These 

relationships were of borderline significance. Mixed exposures and exposure to 

quicklime were more associated with asthma than was hydrated lime. Only exposure. to 

mixed types of lime had a significant relationship. The results in this model are based 

on small numbers and should be interpreted with caution. When exposure was 

collapsed, comparing the exposed (quicklime, hydrated lime, and mixed) to the 

unexposed, there appeared to be a large increase in risk that was of borderline 

significance (PR=5.95, p=0.08). Dust line estimates and total particulate were not 

associated with reports of asthma. Asthma was strongly associated with chronic 

bronchitis and bronchitis, wheeze and hayfever, and borderline associati~ns with cough, 

phlegm and rhinitis. 

Multivariate models for asthma included age, smoking status and each of the conditions 

separately. These terms demonstrated associations uninvariately. Age and smoking 

status maintained borderline significance in these models. The symptoms: chronic 

bronchitis, bronchitis, and wheeze were significant in the multivariate models. 

Risk of chronic bronchitis (Table 9) was greater for women (PR=2.81, p=0.16) though it 

was not associated with age, race or packyears. There was some evidence that current 

smokers were more likely to report chronic bronchitis. Type of lime exposure and the 

dust line estimates were not predictive of this disease. Those in the high total 

particulate exposure group were more likely to report chronic bronchitis when compared 

to those in the low exposure group. Each of the conditions evaluated was strongly 

associated with chronic bronchitis except for hayfever and rhinitis. 
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Multivariate models for chronic bronchitis included gender and packyears and each of 

the conditions separately. As with the other conditions under study, the multivariate 

models were not robust and gender and packyears retained only borderline significance 

in these models. When packyears and gender were included simultaneously, gender 

lost its significance completely. This implies the presence of confounding, but because 

of limited numbers, we did not explore this issue further. 

Bronchitis (Table 10) was reported more frequently by whites than non-whites 

(PR==2.21, p==0.08). The risk of bronchitis increases with packyears of cigarettes 

smoked (PR=1 .01 , p=0.08) and is associated with those in the high total particulate 

exposure group when compared to those in the low exposure group. Bronchitis is 

strongly associated with asthma, chronic bronchitis, wheeze, cough and phlegm. It has 

borderline associations with hayfever and rhinitis. 

0. DlscUSSION 

The overall prevalence of chronic sinusitis was much lower .than expected in this cohort. 

Chronic sinusitis had a prevalence of only 6%, which is two to three times lower than what 

is usually observed in working populations. It was striking to observe that asthma and 

bronchitis and chronic bronchitis were more prevalent than sinusitis. Because the 

population was so predominantly white and male, evaluation of race and gender effects 

was limited. Women were more likely to report sinusitis and chronic bronchitis, while whites 

were more likely to report bronchitis. However, further stratification on race and gender (by 

exposure or smoking status, for example) was not conducted. Never smokers were more 

likely to report asthma, while current smokers may have been more likely to report chronic 

bronchitis. 

Exposure was evaluated in two different ways: by type of lime and by total particulate level. 

Asthma demonstrated some association with type of exposure. Unfortunately, there was 

only one observation in the unexposed group who reported asthma. This limits the strength 

of this finding. Total particulate exposures demonstrated more robust associations with 

sinusitis, bronchitis and chronic bronchitis. There was also evidence of dose response 
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relationships. There was a significant linear trend for total particulate and bronchitis and 

trends of borderline sig_nificance for si,:iusitis and chronic bronchitis. 

This finding is very interesting as it may support the pathogenic mechanisms suggested in 

the literature. Namely, the respiratory epithelium responds to exposure to irritants and 

dusts by developing an inflammatory response. The epidemiologic literature relating 

sinusitis to occupation further supports the observed associations in this study. Studies 

have documented increased risk of chronic sinusitis in cotton workers, nickel workers, 

(Hoult et al. 1993, Mastromatteo 1988) and to those exposed to wood dust, grain and flour 

dusts, and man made mineral fibers (Tatken 1987, Awad El Karin et al. 1986). As 

mentioned previously, these results must be interpreted carefully as there was widespread 

respirator use in this cohort. 

It is encouraging that sinusitis and chronic bronchitis and bronchitis were quite similar with 

respect to their associations with exposure. Asthma was not as closely related to sinusitis 

especially in terms of exposure. Asthma appeared to be more related to type of lime 

exposure as opposed to level of total particulate. The fact that chronic sinusitis and asthma 

werf? not very prevalent in this population limited our ability to further evaluate this 

association. 

The authors of the final report state: "The findings based on the quantitative estimates of 

exposure need to be interpreted in light of the extensive respirator use in this population. It 

is possible that respirators were used only in response to irritation, and therefore do not 

distort the relationships we observed between dust, or calcium, level and irritation. On the 

other hand, it may be that the heavy respirator use in the higher exposure categories 

indicates that measured exposures over-estimate the actual dose received. The resulting 

misclassification of actual exposure would result in a blunting of the true exposure-response 

relationship, i.e. the true association would be stronger than 'lv'.,hat we have observed" 

(Wegman, 1991 ). 

lt is clear that the conditions investigated in this report are very closely related and that they 

are also related to exposure. Chronic sinusitis, bronchitis and chronic bronchitis seem to 

relate differently to exposure when compared to asthma. Given the acute irritant effects of 
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lime, and the respiratory effects of particulate exposure in general it is interesting to be able 

to document these effe9ts on the respiratory system. Because these data are cross­

sectional nature; one cannot necessarily presume that the acute exposures measured 

caused the observed chronic effects. However, current exposures were closely correlated 

with past exposures in this cohort. This does add weight to the argument. This may be 

supportive of much of Becklake's work relating repeated acute assaults/exposures to 

chronic outcomes (Becklake et al., 1986). 

The cross sectional nature of these data also make following the natural history of these 

diseases unfeasible. Because the conditions under study are chronic, recall bias is also an 

issue. Though we cannot decipher which conditions preceded the others in relation to 

exposure, it is very clear that there is some relationship that needs to be better explored. A 

longitudinal study would be the optimal approach. Collecting condition onset and job 

exposure histories are crucial. 
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E. TABLES 

Table 1: Baseline Pulrryonary Function in Exposed and Unexposed Stratified by Smoking 
Status 

Ever Smoked Never Smoked 
Exposed to Exposed to 

Spirometric Cao or Ca(OH)z Unexposed Cao or Ca(OH)2 Unexposed 
Variable (n=323) (n=166) (n=148) (n=84) 

FEV1 (liters) 3.65± 0.04 3.65± 0.06 3.92± 0.06 3.76 ± 0.08 
% Predicted 91 .8%±0.8% 95.2% ± 1.2% 95.2% ± 1.2% 96.0%± 1.2% 
FVC (liters) 4.74 ± 0.05 4.66 ±0.07 4.85± 0.07 4.70 ±0.09 
% Predicted 98.8% ±0.8% 100% ± 1.1% 97.4%± 1.1% 99.5%± 1.2% 

Table 2: Chronic Symptom Prevalence and Prevalence Ratio in Hydrated Lime Exposed 
Individuals (n=71 ). 

Chronic Phlegm 27.1% 1.2 
Chronic Bronchitis 14.3% 1.2 
Wheeze 18.5% 2.5++ 
Chest Tightness 15.7% 2.5++ 
Dyspnea 12.9% 1.8 
+ = X <0.05, ++ = X <0.01 

Table 3: Incidence and Relative Risk of Acute Symptoms in Those Exposed to Hydrated 
Lime 

, .•. • ~ • ,.-.. •,1\: "t•'."·~. ,:.• l'l.t :c l!'i•·:.-r .;;,;h:,f! '~tr: ~ ...... : .. ;.,4i,,~h."IH•1 •f,; .. l';I..\• :. .J r I 1~·;' ... ~·-· 

. . Symptom . ·:,. ; . ·Incidence ' .. I ... . 

,:.· . ':1 .. .. i . · • · = • - • · r ~. ,. 
Eye Irritation (n=70) 18.6% 1.7 
Nose Irritation (n=58) 31.0% 6.0++ 
Throat Irritation (n=71) 15.5% 3.4++ 
Cough (n=62) 27.4% 2.7++ 
+ = x~ <0.05, ++ = x~ <0.01 
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Table 4: Demographics of the Lime Cohort 

Conditions 
Sinusitis 
Asthma 
Bronchitis 
Chronic Bronchitis 
Wheeze 
Rhinitis 
Cough 
Phlegm 
Hayfever 
Deviated Nasal Septum 
Nasal Polyp 
Nose/Sinus Operation 

Demographics 
Age (mean, sd) 
Race White 
Gender-Male 

Smoking Status 
Never Smoke 
Ex-Smoker 
Current Smoker 

Exposure Type 
Quicklime 
Hydrated Lime 
Mixed Exposure 
Unexposed 

E~posure Level: 
Total Dust (mglm3) 
0-2.4 
2.5-4.9 
~5 

Median Exposure 
Levels (n) 
CAO 
CAOH2 
Total Dust 
Dust Line 

% (n) 
5.9 (49) 
7.0 (58) 
14.7 (122) 
3.0 (25) 
8.1 (65) 
3.5 (29) 
19.8 (165) 
23.5 (195) 
9.5 (79) 
3.6 (30) 
2.2 (18) 
4.9 (41) 

38.8 (10.8) 
90.8 (692) 
96.7 (737) 

32.0 (265) 
28.2 (234) 
39.8 (330) 

51 .9 (195) 
13.3 (50) 
12.8 (48) 
22.1 (83) 

54.6 (160) 
17.4 (51) 
28.2 (82) 

0.86 (244) 
1.72 (51) 
2.10 (293) 
24.0 (297) 
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Table Sa: Relative Risks for Sinusitis and conditions, symptoms, demographic and 
exposure variables of interest. 

Relative 95% Confidence Variable 
Risk Interval p-value 

Conditions 
Asthma* 1.18 0.44-3.16 0.100 
Bronchitis* 2.10 1.15-3.85 0.015 
Chronic Bronchits* 4.48 2.10-9.53 0.001 
VVheeze** 2.30 1.55-5.64 0.002 
Rhinitis 7.97 4.55-13.94 0.001 
Cough*** 1.95 1.10-3.45 0.022 
Phlegm- 1.58 0.89-2.81 0.119 
Chest Tightness 1.38 0.91-2.10 0.155 
Shortness of Breath 1.82 1.23-2.69 0.006 
Hayfever* 2.15 1.09-4.27 6.028 

Demographics 
Race-White 1.12 0.41-3.02 0.821 
Gender-Female 2.67 1.04-6.84 0.050 

Smoking Status 
Ex-verus-Never 1.11 0.78-1.56 0.58 
Current versus Never 0.89 0.63-1.27 0.51 

Exposure Type 
Quicklime versus Unexposed 0.86 0.33-2.20 0.75 
Hydrated Lime versus Unexposed 0.83 0.22-3.17 0.79 
Mixed Exposure versus Unexposed 0.58 0.12-2.74 0.49 
Any Exposure versus Unexposed 0.81 0.33-1.98 0.64 

Exposure Level Total Particulate (mg/m3} 
Medium (2.5-4.9) versus Low (0-2.4) 1.56 0.40-6.01 0.51 

High (::!5) versus Low (0-2.4) 2.26 0.79-6.51 0.12 

*Diagnosis by physician 
**Wheeze in the morning and at night 
***Reports of Usual Cough/Phlegm 

Test for Linear 
Trend in 
Proportion 

P=0.12 
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Table Sb: Relative Risks for Asthma and conditions, symptoms, demographic and 
exposure variables of interest 

Relative 95% Confidence Test for Linear 
Variable 

Risk Interval p-value Trend in 
Proportion 

Conditions 
Bronchitis* 3.55 2.16-5.81 0.001 
Chronic Bronchits* 3.04 1.33-6.95 0.010 
Wheeze** 3.19 1.77-5.73 0.001 
Rhinitis 2.04 0.79-5.25 0.145 
Cough"'** 1.67 0.98-2.87 0.061 
Phlegm*** 1.14 0.65-2.00 0.659 
Hayfever* 2.47 1.37-4.47 0.003 

Demographics 
Race-White 1.26 0.47-3.40 0.639 
Gender-Female + + + 

Smoking Status 
Ex-verus-Never .0.52 0.27-1.01 0.049 
Current versus Never 0.62 0.35-1.08 0.090 

Exposure Type 
Quicklime versus Unexposed 5.96 0.80-44.58 0.045 
Hydrated Lime versus Unexposed 3.32 0.31-35.68 0.295 
Mixed Exposure versus Unexposed 8.65 1.04-71.85 0.025 
Any Exposure versus Unexposed 5.95 0.81-43.57 0.041 

Exposure Level Total Particulate 
(mg/m3) 
Medium (2.5-4.9) versus Low (0-2.4) 0.70 0.16-3.12 0.478 
High (~5) versus Low (0-2.4) 1.30 0.48-3.53 0.606 P=0.661 

*Diagnosis by physician 
**Wheeze in the morning and at night 
***Reports of Usual Cough/Phlegm 
+ No women reported having asthma 
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Table 5c: Relative Risks for Chronic Bronchitis and conditions, symptoms, demographic 
and exposure variables of interest. 

Relative 95% Confidence Testfor 
Variable 

Rlsk Interval p-value Linear Trend 
in Proportion 

Conditions 
VVheeze""" 5.37 2.41-11.97 0.001 
Rhinitis + + + 
Cough ..... 3.18 1.47-6.87 0.002 
Phlegm*** 4.15 1.92-8.99 0.001 
Hayfever• 0.86 0.21-3.60 0.840 

Demographics 
Race-v\lhite 1.06 0.25-4.44 0.934 
Gender-Female 2.81 0.70-11.32 0.139 

Smoking Status 
Ex-verus-Never 0.94 0.29-3.05 0.923 
Current versus Never 1.87 0.73-4.81 0.184 

Exposure Type 
Quicklime versus Unexposed 1.49 0.32-7.02 0.612 
Hydrated Lime versus Unexposed + + + 
Mixed Exposure versus Unexposed 0.86 0.08-9.29 0.905 
Any Exposure versus Unexposed 1.13 0.25-5.23 0.873 

Exposure Level Total Particulate (mg/m3) 
Medium (2.5-4.9) versus Low (0-2.4) · + + + 

High (:::::5) versus Low (0-2.4) 2.44 0.67-8.84 0.16 
P=0.187 

*Diagnosis by physician 
**Wheeze in the morning and at night 
*"'*Reports of Usual Cough/Phlegm 
+No report of rhinitis 
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Table 5d: Relative Risks for Bronchitis and conditions, symptoms, demographic and 
exposure variables of interest. 

Relative 95% Confidence Test for Linear 
Variable 

Risk Interval p-value Trend in 
Proportion 

Conditions 
Chronic Bronchits .. 7.90 6.45-9.66 0.001 
Wheeze"" 2.82 1.95-4.08 0.001 
Rhinitis 1.68 0.86-3.27 0.146 
Cough- 1.90 1.35-2.67 0.001 
Phlegm-· 1.65 1.17-2.32 0.004 
Hayfever• 1.44 0.90-2.32 0.136 

Demographics 
Race-White 2.21 0.93-5.22 0.054 
Gender-Female 1.07 0.43-2.68 0.882 

Smoking Status 
Ex-verus-Never 0.97 0.62-1.52 0.899 
Current versus Never 1.22 0.83-1.80 0.309 

Exposure Type 
Quicklime versus Unexposed 0.82 0.44-1.52 0.529 
Hydrated Lime versus Unexposed 0.77 0.31-1.89 0.560 
Mixed Exposure versus Unexposed 0.67 0.25-1.75 0.400 
Any Exposure versus Unexposed 0.78 0.44-1.41 0.420 

Exposure Level Total Particulate (mg/m3) 
Medium (2.5-4.9) versus Low (0-2.4) 1.57 0.67-3.67 0.302 

High (~5) versus Low (0-2.4) 1.95 0.98-3.98 0.056 
P=0.054 

*Diagnosis by physician 
**Wheeze in the morning and at night 
***Reports of Usual Cough/Phlegm 
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Table 6: Sinusitis, Asthma and Chronic Bronchitis by various descriptor, exposure and 
pulmonary function measures. 

Mean Mean T -Statistic p-Value Yes No 

SINUSITIS 
Age 38.35 38.81 0.288 0.773 
Packyears of Cigarettes 17.26 13.67 1.40 0.162 

Exposure 
Total Dust 18.99 6.27 -2.81 0.005 
Dust Line Estimate 30.90 27.83 -0.66 0.510 
CAO 8.12 2.59 -2.66 0.008 
CAOH2 2.58 2.93 0.17 0.865 

Pulmonary Function Measures 
FEV1 4.00 4.29 1.03 0.301 
FVC 4.91 5.20 1.15 0.252 
PEFR 9.00 9.82 0.664 0.507 

ASTHMA 
Age 35.51 39.02 2.30 0.021 
Packyears of Cigarettes 10.82 14.10 -1.42 0.156 

Exposure 
Total Oust 9.16 6.81 -0.529 0.597 
Dust Line Estimate 33.31 27.73 -1.08 · 0.281 
CAO 3.35 2.86 -0.233 0.816 
CAOH2 3.37 2.87 -0.283 0.778 

Pulmonary Function Measures 
FEV1 3.98 4.29 1.20 0.232 
FVC 5.06 5.19 . 0.542 0.588 
PEFR 8.46 9.86 1.19 0.233 

CHRONIC BRONCHITIS 
Age 

. 
37.70 38.81 0.485 0.628 

Packyears of Cigarettes 16.86 13.76 0.896 0.370 

Exposure 
Total Oust 4.94 7.01 0.343 0.731 
Dust Line Estimate 33.86 27.89 -0.775 0.439 
CAO 1.21 2.94 0.654 0.514 
CAOH2* 9.90 2.77 -2.19 0.033 

Pulmonary Function Measures 
FEV1 3.87 4.29 1.05 0.295 
FVC 4.73 5.20 1.34 0.180 
PEFR 8.95 9.79 0.480 0.631 

*based on one case 
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Table 6 (Continued): Bronchitis by various descriptor, exposure and pulmonary function 
measures. 

Mean Mean 
T ..Statistic p-Value Yes No 

BRONCHITIS 
Age 38.21 38.87 0.603 0.547 
Packyears of Cigarettes 16.55 13.40 1.89 0.059 

Exposure 
Total Dust 8.12 6.79 -0.417 0.677 
Dust Line Estimate 29.03 27.90 -0.316 0.752 
CAO 2.63 2.91 0.185 0.853 
CAOH2 3.84 2.74 -0.856 0.396 

Pulmonary Function Measures 
FEV1 4.07 4.30 1.27 0.206 
FVC 4.97 5.22 1.48 0.139 
PEFR 9.62 9.79 0.211 0.833 

COUGH 
Age 37.14 39.18 2.08 0.038 
Packyears of Cigarettes 18.99 12.62 4.26 0.001 

Exposure 
Total Dust 7.30 6.86 -0.170 0.866 
Dust Line Estimate 30.51 27.39 -1.079 0.282 
CAO 3.24 2.80 -0.356 0.722 
CAOH2 3.30 2.73 -0.558 0.580 

Pulmonary Function Measures 
FEV, 4.30 4.27 -0.147 0.883 
FVC 5.31 5.16 -0.963 0.336 
PEFR 10.06 9.69 -0.494 0.622 
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Table 7: Univariate Cox Proportional Hazards Models with Sinusitis as the Dependent 
Variable. 

i: ~ • llf~:'"""' ~i!.i!J~:r~. 'ti · :;;t1.t\itari.iJe:'~ox~Rrpoorti~na11Hm~'Mode1$'.Wffll~Jnuj~~1h, 1Dtf~ndijntW.:ij1i~1S1@ I,~'.. Yt:·~t"' . . J' 'rtk"~f·I ~f . , 
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ij I ; .... ::,,Jo,;. I -;' ~ '··Pl(~; ;f . ··1· • ~ ·~·· . .• ""{ ~Risk R 'ti ~. ·•%~ .. ~i 1Stand 'rif Em> ~a 'i ,~ ·~ al 1• ,. ' -~ 1 , ·,c -", ~1 ~ •,· · l4' -~ · ! a O ·1~~ ~ · · '. a a: · . ' · ·. 118 1 ,1 ,; 
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Age 636.47 

Race-(\/Vhite) 636.50 

Gender-(Female). 633.84*" 

Smoking Status 656.60 

Ex-smoker 

Current smoker 

Packyears 596.63 

Exposure 

Quicklime vs Unexposed 272.14 

Hydrated vs Unexposed 

Mixture vs Unexoosed 

Any lime vs Unexposed 272.44 

Dustline 227.36 

Total Particulate Level 179.50 

Medium versus Low 

High versus Low 

Asthma 658.13 

Bronchitis 653.58*" 

Chronic Bronchitis 650.15** 

\1\/heeze 647.87*" 

Rhinitis 634.11-

Cough 653.98** 

Phlegm 656.10* 

Havfever 654.34* 
*"Model chi square p-value s 0.05 
*Model chi square p-value s 0.15 
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0.996 0.013 0.780 

1.12 0.522 0.829 

2 .67 0.522 0.061 

1.20 0.348 0.593 

0.80 0.354 0.527 

1.01 0.007 0.175 

1.17 0.500 0.755 

1.20 0.707 0.792 

1.74 0.817 0.500 

1.24 0.475 0.649 

1.01 0.010 0.523 

1.56 0.707 0.530 

2 .26 0.556 0.142 

1.18 0.522 0.754 

2.10 0.324 0.022 

4.48 0.436 0.001 

2.96 0.354 0.002 

7.97 0.342 0.001 

1.95 0.305 0.029 

1.58 0.305 0.134 

2.15 0.369 0.038 
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Table 8: Univariate Cox Proportional Hazards Models with Asthma as the Dependent 
Variable. 

~·, . - "if~ - ., Y.- ~"' Univariat~ G9x-rPt9portJ~nallltf~.~ Moa~~\i\t1JJ:fi~~~:.1~.1t11j'1c~~.n~ttrit}Y.@'rip\lf'et: ··~1i· ·- •fl .- 1,J ~,-·--.~ t.. ,J.. ,, ,' ,,... -if . 
. ·:: • rt1:; ,va~ le , , ~: rj . -- •1c~ ·t~gj'l' .~j .;-:·.i ri:- ~ l ,·::;t k!I, ,•ir .. ,v ,~ '" "~.r;ZtJ Ii-,~ ~,.-.-e1:,i:· ,""7:' 1.!""''. ' • . .,. .. -~·:r ~;- . 
~ ...... ,• .. r" '·V' • 1 , 1·· 1-,.' 'I' J.q "''c·.-:. 1·-?-" if• , :•11t ~· .' •• , f!.Ris . Ratio . ) ·.!l-,t ' • ··standard ~,:: ' \"'.'i ' ~·~ value! I 1..: ···~~ . r~~;·~-;~ l~ ,t ."-t.~,,:l,~tij · .• Ulkellhoodr · ... Ii ·' · '" ' ·•',,.. ., •.c: ,,. ,.,"· .. ·t , ., ,,r :ls•)• ~ '· .;, t-1·: ' , i . , • •J; k, .• .,.Jo_ - __.y,,: -~ • - ~ ..._ ;.I ••• ._ ',:/' ,l .,.,'I ';0 "0''\J, • .,.. ;:_r ,t. •1111a, VI.U 

Aqe 711 .52 ..... · 0.97 0.0138 0.028 

Race-(VVh ite) 716.46 1.26 0.520 0.652 

Gender-(Female) + + + + 

Smoking Status 

Ex-smoker 775.04" 0.52 0.349 0.063 

Current smoker 0.62 0.297 0.018 

Packvears 743.04" 0.99 0.010 0.173 

Exposure 

Quicklime vs Unexposed 254.09* 5.96 1.04 0.084 

Hydrated vs Unexposed 3.32 1.22 0.327 

Mixture vs Unexposed 8.65 1.10 0.049 

Any lime vs Unexposed 255.54** 5.95 1.02 0.082 · 

Dustline 181.17 1.01 0.011 0.295 

Total Particulate Level 192.47 

Medium versus Low 0.70 0.782 0.645 
High versus Low 1.30 0.527 0.618 

Sinusitis 779.03 1.18 0.518 0.756 

Bronchitis 760.8T"* 3.55 0.271 0.001 

Chronic Bronchitis 775.62** 3.04 0.468 0.017 

VVheeze 726.30 ..... 3.19 0.326 0.001 

Rhinitis 777.85 2.04 0.518 0.169 
Cough 776.88* 1.67 0.288 0.074 

Phlegm 779.51 1.14 0.300 0.671 
Hayfever 772.93** 2.48 0.324 0.005 
**Model chi square p~value s0.05 
*Model chi square p-value s0.15 
+No Females reported asthma 
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Table 9: Univariate Cox Proportional Hazards Models with Chronic Bronchitis as the 
Dependent Variable . 
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Age 305.02 0.99 0.020 0.633 

Race-(White) 305.25 1.06 0.74 0.935 

Gender-(Female) 303.77 2.81 0.740 0.163 

Smoking Status 333.34 

Ex-smoker 0.94 0.606 0.924 

Current smoker 1.87 0.488 · 0.198 

Packyears 318.63 1.01 0.011 0.378 

Exposure 

· Quicklime vs Unexposed 115.28* 1.49 0.802 0.619 

Hydrated vs Unexposed 0.00 1658 0.993 

Mixture vs Unexposed 0.87 1.22 0.905 

Any lime vs Unexposed 118.57 1.13 0.791 0.874 

Dustline 79.17 1.01 0.017 0.445 

Total Particulate Level 97.03 

Medium versus Low 0.00 1660 0.993 

Hiah versus Low 2.44 0.671 0.184 

Sinusitis 327.21** 5.01 0.468 0.001 

Bronchitis 252.12** 142.86 1.02 0.001 

Asthma 331 .64'* 3.33 0.500 0.016 

\1\/heeze 322.85** 5.37 0.429 0.001 

Rhinitis + + + + 

Cough 328.71"'* 3.17 0.403 0.004 
Phlegm 323.96** 4.15 0.403 0.001 

Hayfever 322.53 0.86 0.739 0.842 
**Model chi square p-value ~0.05 
'*Model chi square p-value s;0.15 
+No cases of rhinitis reported in those with chronic bronchitis. 
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Table 10: Univariate Cox Proportional Hazards Models with Bronchitis as the Dependent 
Variable. 

Age 1512.68 0.995 0.009 0.578 

Race-(White) 1509.16** 2.21 0.457 0.084 

Gender-(Female) 1515.98 1.07 0.509 0.891 

Smoking Status 1638.05 

Ex.:smoker 0.97 0.245 0.906 

Current smoker 1.22 0.214 0.349 

Packyears 1553.69* 1.01 0.005 0.082 

Exposure 

Quicklime vs Unexposed 580.37 0.82 0.342 0.558 

Hydrated vs Unexposed 0.77 0.494 0.589 

Mixture vs Unexposed 0.67 0.526 0.438 

Any lime vs Unexposed 580.56 0.78 0.324 0.453 

Dustline .409.86 1.00 0.008 0.766 

Total Particulate Level 394.38 

Medium versus Low 1.57 0.463 0.331 

High versus Low 1.95 0.378 0.077 

Sinusitis 1623.60 2.93 0.235 0.001 

Chronic Bronchitis 1587.14* 7.90 0.228 0.001 

Asthma 1623.60- 2.93 0.235 0.001 

Wheeze 1602.86** 2.82 0.228 0.001 

Rhinitis 1637.92 1.68 0.389 0.184 

Cough 1630.37** 1.90 0.194 0.001 

Phlegm 1633.64- 1.65 0.192 0.009 

Hayfever 1624.28 1.45 0.268 0.170 
**Model chi square p-value s 0.05 
·Model chi square p-value s 0.15 
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Table 11 : Multivariate Cox Proportional Hazards Models with Sinusitis as the Dependent 
Variable. 

:i:?.: ., .. f .,: "; - . . 'Multivariate Cox eroportionaMiaiams ~els wiffi Sinusitis as th~"11f)fj~riaent•.:· il , - . t• --1 ·,: r: •' 
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Asthma 636.38 1.17 0.524 0.736 

Age 0.997 0.014 0.800 

Asthma 177.15 0.955 1.043 0.964 

Age 1.00 0.023 0.991 

Medium particulate 1.51 0.708 0.561 
exposure versus Low 

High particulate 2.20 0.558 0.158 
exposure versus Low 

Asthma 175.69 0.928 1.041 0.942 

Age 0.997 0.024 0.885 

Total Particulate Level 1.01 0.005 0.012 

Chronic Bronchitis 176.80 1.97 1.045 1.97 

Age 1.00 0.020 1.00 

Medium particulate 1.55 0.710 1.55 
exposure versus Low 

High particulate 2.15 0.560 2.15 
exposure versus Low 

Chronic Bronchitis 175.14 2.38 1.036 0.404 

Age 0.997 0.024 0.904 

Total Particulate Level 1.01 0.005 0.011 

Bronchitis 175.70 2.11 0.582 0.199 .. 
Age 0.999 0.023 0.955 
Medium particulate 1.44 0.709 0.608 
exposure versus Low 

High particulate 2.04 0.562 0.203 
exposure versus Low 

Bronchitis 173.88* 2.31 0.578 0.147 
Age 0.997 "0.024 0.884 
Total Particulate Level 1.01 0.005 0.013 
'"*Model chi square p-value ::.0.05 
·Model chi square p-value ::.0.15 
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Table 12a : Multivariate Cox Proportional Hazards Models with Asthma as the Dependent 
Variable . 

• • t rf·, :·, ..,._ ,, .. ~-: .. . ·'l"zt: :-;Pittultr.(a.~te-~;i!:, ~f&po_ftlona11A~~ 10~e1s With A~thma *3J fie. P.et,.eri~~nt v~n.a.t:;,Je .' (.. . ! " ' 
,i"· · ,,: :Va a lir-;f •Jtil:l], wf~ '-2Jl!'og7,"f".·r ~ :~ ••. · ... ~kif oo~/-' ~r'.;:t ti~r, ~Vici~\' ~. ;~fi \t11!·:r~ ~ ~-:. ·· 'f~ :·i' ·l! ... ,, (I i ·, .· -~ . · " · Jda' a[ ·· \ a · --·~ r.• • -~·rt'f ft!' 1 • 14! ue,· .. ~ ... • i :' \. -~-. .... J ' • 
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Sinus 710.78"' 1.19 0.520 0.742 

Age 0.97 0.014 o·.027 

Chronic Bronchitis 707.02- 3.19 0.470 0.014 

Age 0.97 0.014 0.031 

Bronchitis 690.89""" 3.86 0.277 0.001 

Age 0.97 0.014 0.032 

Wheeze 659.43- 2.96 0.332 0.001 

Age 0.97 0.015 0.032 

Sinus 245.35""" 0.75 1.026 0.777 

Age 0.95 0.025 0.038 

Quicklime Exposure 4.67 1.039 0.138 

Hydrated Lime Exposure 2.55 1.229 0.445 

Mixture of Exposure 6.51 1.100 0.089 

Chronic Bronchitis 240.64- 5.44 0.627 0.007 

Age 0.95 0.025 0.040 

Quicklime Exposure 4.40 1.042 0.155 

Hydrated Lime Exposure 2.80 1.232 0.403 

Mixture of Exposure 6.48 1.102 0.090 

Bronchitis 234.92"'"' 4.69 0.436 0.001 

Age 0.95 0.025 0.036 

Quicklime Exposure 5.09 1.038 0.117 

Hydrated Lime Exposure 3.33 1.229 0.327 

Mixture of Exposure 7.40 1.099 0.069 

Wheeze 229.16- 3.07 0.532 0.035 

Age 0.95 0.026 0.068 

Quicklime Exposure 4.49 1.042 0.149 

Hydrated Lime Exposure 2.53 1.227 0.450 

Mixture of Exposure 5.81 1.106 0.111 
""Model chi square p-value s;0.05 
"Model chi square p-value ~0.15 
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Table 12b : Multivariate Cox Proportional Hazards Models with Sinusitis as the Dependent 
Variable. 

tr,,= .. ',·f.i:;'··:\. ~ ,;,1 ~v: ·:;~ · • 
a :: ~ V r.fabf, ,. ·J I ·.,, 
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1"-../• ~ l .,1, ~"I'', I• . a O -,, ,\ l;,J: ,(.,~ . a rror, II 1ij"t""• ue l 
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Sinus 707.79'* 1.18 0.520 0.749 

Age 0.98 0.014 0.090 

Ex-Smokers 0.57 0.391 0.147 

Current Smokers 0.67 0.307 0.197 

Chronic Bronchitis 703.87- 3.28 0.473 0.012 

Age 0.98 0.014 0.098 

Ex-Smokers 0.58 0.392 0.158 

Current Smokers 0.64 0.308 0.153 

Bronchitis 703.87*"* 3.90 0.278 0.001 

Age 0.98 0.014 0.096 

Ex-Smokers 0.57 0.388 0.152 

Current Smokers 0.63 0.308 0.136 

\Nheeze 655.03 3.27 0.344 0.001 

Age 0.98 0.015 0.133 

Ex-Smokers 0.48 0.425 0.082 

Current Smokers 0.59 0.320 0.101 
-Model chi square p-value s 0.05 
*Model chi square p-value :S:0.15 
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Table 13a :.Multivariate Cox Proportional Hazards Models with Chronic Bronchitis as the 
Dependent Variable. 

'i:!~· j ~-- , -~ .. ~ ~ -~·))/(/ ·~ · Multlivanate cax:Proi>Q,tional Hwrtts,Moc:teis,wtttatc~ronic Bronctiltis as ffiet 1 ,~; ' *1.,1;; l•.l;'.f,?;,•:.~ · 1 ,t· 'V - •. , .;; 
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Sinus 295.25** 

Gender-(female) 

Asthma 298.26-

Gender-(female) 

Bronchitis 228.25** 

Gender-(female) 

Wheeze 289.56** 

Gender-(female) 

Sinus 1458.37* 

Gender-(female) 

Packyears 

Bronchitis 1460.16** 

Gender-(female) 

Packyears 

Wheeze 1455.88** 

Gender-(female) 

Packyears 
**Model cht square p-value ~ 0.05 
*Model chi square p-value ~ 0.15 
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4.93 0.481 0.001 

2.12 0.749 0.316 

3.95 0.512 0.007 

3:41 0.750 0.102 

124.54 1.02 0.001 

2.63 0.74 0.192 

6.31 0.449 0.001 

4.03 0.760 0.066 

1.98 0.296 0.021 

0.95 0.510 0.911 

1.01 0.005 0.120 

7.52 0.240 0.001 

1.17 0.512 0.755 

1.01 0.005 0.192 

2.82 0.232 0.001 

0.79 0.512 0.640 

1.01 0.005 0.164 
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Table 13b : Multivariate Cox Proportional Hazards Models with Chronic Bronchitis as the 
Dependent Variable. 
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Sinus 96.71** 1.84 1.07 0.570 

Medium particulate 0.00 1659 0.993 
exposure versus Low 

High particulate 2.33 0.676 0.210 
exposure versus Low 

Sinus 101.52 2.30 1.06 0.432 

Total Particulate Level 0.99 0.033 0.704 

Asthma 94.72 .. 4.08 0.803 0.080 

Medium particulate 0.00 1820 0.993 
exposure versus Low 

High particulate 2.34 0.672 0.207 
exposure versus Low 

Asthma 99.35 4.71 0.802 0.053 

Total Particulate Level 0.99 0.031 0.706 

Bronchitis 70.12 .... 57.73 1.07 0.001 

Medium particulate 0.00 1728 0.993 
exposure versus Low 

High particulate 1.36 0.676 0.648 
exposure versus Low 

Bronchitis 73.85** 60.35 1.06 0.001 
Total Particulate Level 0.98 0.040 0.612 
Wheeze 93.59*'" 5.05 0.802 0.044 
Medium particulate 0.00 1482 0.992 
exposure versus Low 

High particulate 2.49 0.671 0.175 . 
exposure versus Low 

Wheeze 99.26 3.90 0.803 0.090 
Total Particulate Level 0.99 0.033 0.772 
**Model ch, square p-value s 0.05 
·Model chi square p-value s 0.15 
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Table 14: Multivariate Cox Proportional Hazards Models with Bronchitis as the Dependent 
Variable. 

Sinus 364.11 2.12 0.537 0.162 

Packyears 1.01 0.010 0.168 

Medium particulate 1.40 0.464 0.465 
exposure versus Low 

High particulate 1.62 0.396 0.221 
exposure versus Low 

Sinus 365.30 2.40 0.536 0.103 

Packyears 1.01 0.010 0.167 

Total Particulate Level 0.99 0.014 0.602 

Asthma 359.aa- 3.62 0.454 0.005 

Packyears 1.01 0.010 0.143 

Medium particulate 1.55 0.466 0.350 
exposure versus Low 

~ig~ particulate 
exposure versus Low 

1.73 0.395 0.166 

Asthma 361.95 3.48 0.453 0.006 

Packyears 1.01 0.010 0.164 

Total Particulate Level 0.997 0.014 0.629 

Chronic Bronchitis 349.68** 6.97 0.449 0.001 
Packyears 1.01 0.010 0.216 

Medium particulate 1.74 0.474 0.241 
exposure versus Low 

High particulate 1.44 0.399 0.359 
exposure versus Low 

Chronic Bronchitis 351 .27** 8.65 0.426 0.001 

Packyears 1.01 0.010 0.186 

Total Particulate Level 0.996 0.015 0.797 
-Model chi square p-value ::. 0.05 
*Model chi square p-value ~ 0.15 
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Table 14 b: Multivariate Cox Proportional Hazards Models with Bronchitis as the 
Dependent Variable. 

Wheeze 359.05* 2.89 . 0.456 

Packyears, 1.01 0.010 

Medium particulate 1.35 0.467 
exposure versus Low 

High particulate 1.73 0.395 
exposure versus Low 

Wheeze 360.87 2.87 0.452 

Packyears 1.01 0.010 

Total Particulate Level 0.996 0.014 
-Model chi square p-value ~ 0.05 
... Model chi square p-value ~ 0.15 

0.020 

0.161 

0.525 

0.166 

0.020 

0.186 

0.783 
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V. INVESTIGATION OF SINUSITIS IN A BORAX EXPOSED COHORT 

A. INTROOUCTlON ANO BACKGROUND 

In 1988 a study of the acute and chronic respiratory effects of sodium borate exposures 

was undertaken in a large boron plant located in California. There was an earlier survey of 

this population in 1981, which included 619 participants, 303 of who were successfully re­

evaluated in 1988. The study population was predominantly white and male. The two 

primary objectives of the sodium borate suNeys were to look for evidence of chronic 

pulmonary function abnormalities associated with exposure and to identify any work related 

acute respiratory irritant symptoms resulting from exposures to borate dust (Wegman, 

1991). In the study of chronic health effects, historical exposures to boron and to dust were 

estimated based on homogeneous exposure groups constructed using curr~nt exposure 

measurements, historical records of exposure and on information regarding implementation 

of environmental controls. In some cases, duration of employment or baseline lung function 

were used as surrogates of cumulative exposure. In the acute health effects study, short 

inteNal, real time exposures to aerosols were meas1:1red using a personal direct reading 

aerosol monitor (the MINI RAM- MIE Inc., Bedford, MA) in addition to a device that 

continuously logged the data (the Ranger- Rustrak, E. Greenwich, RI). These dataloggers 

were outfitted with a button to mark events, so participants could mark the exact time of an 

incident irritant symptom. A Marple Personal Cascade Impactor with 4 stages (Anderson 

Samplers, Atlanta, GA) was utilized for the determination of particle size distributions. 

Chronic pulmonary function effects were assessed by re-examining the group of 303 

workers who had been examined seven years previously in a pulmonary function survey 

conducted at the same plant. Spirometric measurements were obtained for each person 

and chronic symptom information was collected via the administration of the American 

Thoracic Society standard questionnaire and occupational histories were obtained as well. 

The relationships between chronic respiratory symptoms and exposure had not been 

completely investigated in these data. Prevalence rates of these symptoms in exposed and 

unexposed groups had not yet been calculated. These data had not been analyzed for 
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possible dose response relationships. The same series of questions regarding nose and 

sinus problems described in the lime data set was included in this version of the ATS 
. 

questionnaire as well. The relationship between changes in pulmonary function and 

exposure to estimated levels of dust exposure during the seven year period was assessed, 

and no observable decrements in pulmonary function_ that could be related to workplace 

exposures to sodium borate were identified. 

One hundred and seven workers participated in the study of acute effects. Workers were 

studied over 4 consecutive days in an intensive repeated measures design. Acute health 

effects were assessed by peak expiratory flow measurement and acute respiratory 

symptom questionnaires in conjunction with short real time exposu~es. Because these data 

are in the form of repeated measures, within person correlations had to be accounted for. 

Models were frt using a two stage logistic regression analysis developed by Korn and 

Whittemore (Korn, Whittemore, 1979). To avoid unstable parameter estimates, only 

subjects who had a minimum of three symptom reports were included in the analyses. 

Incidence rates were calculated for each symptom using the ratio of the number of 

symptom episodes to the appropriate period of time at risk. fifteen minute and six hour 

time periods were examined and both demonstrated the same trend. The final model for 

symptom incidence at different exposure indices is presented in Table 1. Exposure was 

quantitatively· associated with more frequent reports of eye, _nose, and throat irritation and 

breathlessness in a dose-related fashion (Table 1). Those reporting multiple symptoms 

had substantially higher average exposures to dust. The tests for linear trend were 

significant at p<0.05 for all symptom groups. 

Given the significance of the relationships between acute respiratory irritants and exposure 

to boron dusts, the chronic symptoms also warranted further consideration. Long term 

exposure and repeated acute assaults are argued to predispose workers to longer term or 

chronic health effects manifested in reports of chronic symptoms (Bf:cklake, 1986). 

Although this possibility could not be directly assessed in these data as they are cross­

sectional, chronic symptoms in relation to estimates of histori~I exposures could be 

examined. Because multiple sinus questions were administered to this cohort, two 
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additional objectives were met: 1) the relationship between exposure (to boron dust and 

total dust) and sinus symptoms including chronic sinusitis, sinus surgery were assessed; 

and 2) relationships between sinus conditions, asthma, atopy, chronic bronchitis and 

chronic respiratory symptoms such as cough, phlegm, wheeze and breathlessness were 

also examined. 

B. MEll-lOOS AND Sruov POPULATION 

The methods used for these analyses are the same as those described for the Lime data. 

There were differences in the analyses relating to exposure. Exposure was measured in 

years of total borax exposure. This variable was assessed continuously and categorically 

(unexposed; 1-9 years;~ 10 years). Because exposure was not associated with the 

conditions of interest in the bivariate analysis, it was not included in the modeling. 

C. RESULTS 

1. Descriptive Analyses 

Demographics of the population: The population was predominantly male (92%) and 

white (94%) and had an mean age of about 41 years (Table 2). Thirty eight percent 

were current smokers, while 37% had never smoked. The mean number of packyears 

smoked for current and ex-smokers was 15.2. The average total number of years of 

borax exposure was 9.5. 

Prevalence of Conditions: Sinusitis, asthma, chronic bronchitis and bronchitis were 

·reported by 10%, 8%, 2%, and 28% (respectively) of the cohort. Cough, whee~e and 

phlegm were reported in proportions comparable to asthma and sinusitis (8.1 %, 5.9%, 

5.6%, respectively). While rhinitis and hayfever approached the rates observed for 

bronchitis. Reports of deviated nasal septum and nasal polyps were infrequent (3.6%, 

1. 7% respectively) . Nose or sinus operations were reported by about 6% of the cohort, 

though no differentiation for surgery type was possible. 

Prevalence Ratios for Conditions : Prevalence ratios were calculated for pairs of each of 

the conditions under study (Tables 4a-4d). Overall the conditions are very highly 

associated with one another. Sinusitis was most associated with chronic bronchitis 

(PR=4.3, p=0.003) followed by hayfever (PR=2.7, p=0.001). Those reporting sinusitis 
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were about twice as likely to also report asthma, bronchitis, wheeze, chest tightness and 

rhinitis. Cough, phlegm, and shortness of breath did not demonstrate associations with 

sinusitis. Women reported sinusitis more frequently than did men (PR=1.9 p=0.04) and 

whites may have been at a slightly greater risk as compared to non-whites (PR=1.1, 

p=0.09). Sinusitis was more prevalent in Never smokers. The total number of years of 

Borax exposure was not associated with the chronic sinusitis. 

Asthma also demonstrated relatively strong associations with other respiratory 

conditions including, bronchitis (PR=1.9, p=0.001), wheeze (PR=2.7 p=0.006), Chest 

Tightness (PR=2.0 p=0.001 ), Shortness of breath (PR=2.1. p=0.02), Rhinitis (PR=2.4 

p=0.001), Cough (PR=1.85 p=0.09), and hayfever (PR=3.3 p=0.001). Race and gender 

were difficult to evaluate because of the cohort was so predominantly white and male. 

Asthma was more likely to be reported by never smokers. The total number of years of 

Borax exposure was not associated with the asthma. 

Chronic Bronchitis demonstrated some associations of larger magnitude than those 

observed with asthma and other conditions. These associations were observed for 

chest tightness, cough and phlegm. Race and gender effects were not able to be 

assessed in this cohort as no women or non-whites reported chronic bronchitis. No 

effects of smoking were observed. The total number of years of Borax exposure was not 

associated with the chronic bronchitis. 

Bronchitis was also associated with the other conditions under study. It was very 

strongly associated with chronic bronchitis. Relationships were also observed for 

bronchitis, chest tightness, rhinitis, cough and hayfever. Shortness of breath and 

wheeze had associations of borderline significance. There were no observable effects 

of smoking status. The total number of years of Borax exposure was not associated with 

the bronchitis. 

Exposure: As described above, the exposure measure was not associated with any of 

the conditions of interest. It was therefore, excluded from further analysis. 
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Measures of Pulmonary Function: There was no consistent pattern between the 

conditions investigated and the maximum values of FEV1, FVC and PEFR. 

2. Models 

Univariate (Tables 7-10) and multivariate logistic regression. (Tables 11-14) and Cox 

proportional hazards models were constructed for each of four outcome variables: 

sinusitis, asthma, chronic bronchitis and bronchitis. Comparisons were made to ensure 

that there were no major differences between the modeling methods. Only the Cox 

proportional hazards models are included in this report. As with the lime cohort, the 

borax cohort was predominantly white and male. In general, this limited our ability to 

evaluate race and gender effects. 

Risk of sinusitis increased slightly with age (3% per year) and was greater for whites 

(RR=4.46, p=0.14) and for women (RR=1.19, p=0.06), though these relationships were 

of borderline significance (Table 7). The mean age of those reporting sinusitis was 

significantly greater than those without sinusitis (mean age: 44 versus 41 years, 

p=0.02). Smoking was not strongly associated with reports of chronic sinusitis-in fact 

current smokers demonstrated a smaller risk than never smokers though this 

relationship was not statistically significant. Univariate models with conditions as 

explanatory variables did not differ much from the bivariates described above and will 

not be re-summarized in this section. Asthmatics were almost twice as likely to report 

having sinusitis when compared to non-asthmatics. 

Multivariate models with sinusitis as an outcome variable did not add much information 

(Table 11). The final models generally included each condition (separately) along with 

age in the continuous version. Smoking status and pack years were included 

separately in some models, as well. Current smoking and packyears were negatively 

associated with reports of chronic sinusitis, though these associations were not very 

strong. 

Reports of asthma decreased significantly with age (about 3% per year) and were 

negatively associated with smoking status (Table 8). The mean age of those reporting 

asthma was significantly lower than that in non-asthmatics (mean age: 38 versus 41 
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years, p=0.03). Ex-smokers and Current smokers were about half as likely to report 

asthma when compared to never smokers. Hayfever, rhinitis, wheeze and bronchitis 

were between two and a half and 4 and a half times more likely to be reported by 

asthmatics than non-asthmatics. 

Final multivariate models included each condition separately, age and smoking status 

(Table12). They generally demonstrate that risk of asthma decreases with age and is 

greater for never smokers and those reporting other respiratory conditions including: 

sinusitis, bronchitis and wheeze. 

Chronic bronchitis did not demonstrate associations with age or smoking (status or 

packyears) (Table 9). Race and gender effects could not be evaluated as no women or 

non-whites reported chronic bronchitis. As in the bivariate analysis, this condition 

demonstrated strong associations with bronchitis, sinusitis, rhinitis, cough, phlegm and 

hayfever. 

Multivariate analysis similar to that run for the other conditions was completed. This 

was done simply for the purpose comparison, as the terms in these models are not 

significant when combined. 

Reports of bronchitis were more prevalent in females as compared to males (RR=1.60, 

p=0.03). Age, race and smoking (status and packyears) were not associated with 

bronchitis. Again those conditions demonstrating strong associations in the bivariate 

analysis remained strong in the univariate models. All but phlegm demonstrated some 

association, though that for wheeze was borderline (RR=1.5, p=0.13). 

As with chronic bronchitis, mulitvariate analysis similar to those completed for sinusitis 

and asthma were conducted for bronchitis. These were done for the purpose of 

comparison. Neith.er age nor smoking status contributed any predictive value to these 

models. 
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D. DISCUSSION 

Much of the discussion written in chapter V applies to this section as well. As seen in the 

lime cohort, reports of chronic sinusitis were lower than expected in this cohort of borax 

workers. Because the workforce was so predominantly white and male, race and gender 

effects in relation to conditions and exposure were not able to be investigated in this cohort. 

These effects were only observable for some conditions, namely sinusitis and bronchitis. 

Overall, the conditions investigated demonstrated strong associations with one another. 

Though no strong associations were observed between conditions and measures of 

pulmonary function. 

Exposure was measured using a variable that represented total years of borax exposure. 

This measure was not associated with any of the conditions investigated in the bivariate 

analysis, so it was not included in the modeling analysis. This finding is consistent with 

results observed in the original analysis of these data that demonstrated no chronic effects 

of exposure to borax on measures of pulmonary function. This, however is a very crude 

measure of exposure and should not be used to rule out the possibility that chronic 

respiratory effects may result from long term exposure to borax. Because the original 

analysis provided evidence of acute respiratory effects from borax exposure, it is possible 

that chronic outcomes could result from chronic exposures. Poor measures of exposure 

limit our ability to fully investigate this potential. 

Because of the cross-sectional nature of these data, we are not able to determine which of 

the diseases precedes the others in relation to exposure. We are unable to follow the 

natural history of this disease(s). This is unfortunate, as this information would enable us to 

better investigate and describe the disease process relating upper respiratory conditions to 

lower respiratory conditions. The investigation of this "disease process" as it relates to 

exposure would be very valuable in trying to determine whether or not this is in fact one 

disease process or separate processes. It is recommended that qaestions relating to 

chronic sinusitis be included in standard respiratory questionnaires (see page 38). As 

mentioned earlier, longitudinal examination of these processes in relation to exposure 

would be the optimal means by which to investigate and describe upper and lower 

respiratory conditions. 
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E. TABLES 
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Table 1: Logistic regression analysis for any respiratory irritant symptom at different levels 
of exposure. 

--~R~~~te: (rilgtm~> ~ ,{! ;J ~~ se~ ~Dli -~- iieaas·;Ralicl if'§ -~~, ia;;; . : ~, -0 ~ ' - • - -. . ~ - . .: "'i~ c_; - -c..-: ~- - - ., ~- 9J~.~ :f.f ,~ 
- ~=~ 

< 1 - 1.0 -
1-4 0.95 ± 0.18 2.6 1.8-3.7 

5-9 1.72 ± 0.22 5.6 3.6-8.6 

10-14 2.45 ±0.25 11 .6 7.1-18.9 

>15 2.71 ± 0.20 15.1 10.2-22.2 

* p is the coefficient. SE is the standard error of the estimate. 
t is the 95% confidence interval. · 
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Table 2: Demographics of the Borax Cohort 

Conditions 
Sinusitis 
Asthma 
Bronchitis 
Chronic Bronchitis 
Wheeze 
Rhinitis 
Cough 
Phlegm 
Hayfever 
Deviated Nasal Septum 
Nasal Polyp 
Nose/Sinus Operation 

Demographics 
.Age (mean, sd) 
Race White 
Gender-Male 

Smoking Status 
Never Smoke 
Ex-Smoker 
Current Smoker 
Packyears (mean, sd) 

Pulmonary Function 
FEV1 (mean, sd) 
FVC (mean, sd) 
PEFR (mean, sd) 

Exposure: 
Years Total Borax Exposure, 
(Mean, sd) 

% (n) 
9.7 (69) 
8.0 (57) 
28.4 (203) 
2.2 (16) 
5.9 (42) 
27.1 (194) 
8.1 (58) 
5.6 (40) 
18.6 (130) 
3.6 (30) 
1.7(12) 
6.4 (46) 

40.9 (10.3) 
93.8 (671) 
91 .8 (653) 

36.6 (261) 
25.5 (182) 
38.0 (271) 
15.2 (20.1) 

383.6 (81.2) 
498.3 (98.3) 
576.9 (37 4.8) 

9.5 (8.98) 
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Table 3: Correlation Analysis for Mean Age of Onset for Respiratory Conditions. 

VVheeze 35 12:7 11 .7 R=0.90 (p=0.001) R=0.82 (p=0.001) 
Asthma 13.8 12.0 
VVheeze 46 22.3 14.9 R=0.6 (p=0.001) R=0.59 (p=0.001) 
Bronchitis 23.7 14.4 
VVheeze 7 26.0 11 .6 R=0.96 (p=0.001) R=0.64 (p=0.124) 
Chronic Bronchitis 24.4 12.4 
Asthma 31 13.1 12.4 R=0.30(p=0.10) R=0.07 (p=0.69) 
Bronchitis 13.1 12.4 
Asthma 2 38.5 17.7 R=1 .0 (p=0.001) R=1 .0 (p=0.001) 
Chronic Bronchitis 35.5 21 .9 
Bronchitis 15 19.5 11.6 R=0.91 (p=0.001) R=0.87 (p=0.001) 
Chronic Bronchitis 19.7 10.7 
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Table 4: Relative Risks for Sinusitis and Asthma Versus Other Respiratory Conditions. 

Q)'i)tc'Qnle: - - :_G,on·aitionr::. ~ ~- :: -, t,Re1attve Ris~ , · 9~ffCorifideit~Jnfei.;y~t.,,, i,~-V.~ue _ ~-~- ~--- - ....... 
Sinusitis Asthma Ever 1.99. (1.1, 3.8) 0.036 

Still have Asthma 4.40 (1.8, 10.3) 0.001 
Bronchitis 2.02 (1 .6, 2.6) 0.001 
Still have Bronchitis 6.20 (1.8, 21.6) 0.001 
Cough4-6 times/day 6.20 (1.1, 36.7) 0.021 
Usual Cough 1.29 (0.61, 2.7) 0.515 
Chronic Bronchitis 4.26 (1.5, 11 .9) 0.003 
Usual Phlegm 1.04 (0.38, 2.84) 0.939 
Phlegm 4 times/day 5.60 (1.4, 23.0) 0.007 
Rhinitis 2.06 (1.6, 2.7) 0.001 
V\/heeze 1.87 (0.87, 4.1) 0.113. 
Hayfever 2.69 (1.9-3.7) 0.001 
Nose Allergy Symptoms 1.72 (1.4, 2.13) 0.001 
Eye Allergy Symptoms 1.42 (1 .09, 1.86) 0.026 
Cough from Allergy 2.71 (1.81, 4.06) 0.001 
Throat Allergy Symptoms 2.3 (1 .70, 3.12) 0.001 

Asthma Still have Asthma .+ + + 
Bronchitis 1.92 (1 .4, 2.6) 0.001 
Still have Bronchitis 2.90 (0.63, 13.3) 0.16 
Cough4-6 times/day 2.9 (0.33, 25.4) 0.32 
Usual Cough 1.80 (0.92, 3.7) 0.09 
Chronic Bronchitis 1.70 (0.38, 7.08) 0.50 
Usual Phlegm 0.30 (0.04, 2.11) 0.19 
Phlegm 4 times/day 1.01 (1.004, 1.021) 0.40 
Rhinitis 2.37 (1.8, 3.06) 0.001 
V\/heeze 2.70 (1.3, 5.6) 0.006 
Nose Allergy Symptoms 2.07 (1 .72, 2.50) 0.001 
Eye Allergy Symptoms 1.94 (1.55, 2.44) 0.001 
Cough from Allergy 2.73 (1.95, 3.82) 0.001 
Throat Allergy Symptoms 3.95 (2.74, 5.69) 0.001 . . 

+ Those ever reporting asthma still had the cond1t1on. 
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Table 5a: Relative Risks for Sinusitis and conditions, symptoms, demographic and 
exposure variables of interest. 

Variable Relative 95% Confidence p-value .Risk Interval 

Conditions 
Asthma* 1.99 1.06-3.76 0.036 
Broncliitis* 2.02 1.56-2.62 0.001 
Chronic Bronchits* 4.26 1.52-11 .89 0.003 
Wheeze- 1.87 0.87-4.06 0.113 
Chest Tightness 1.90 1.37-2.64 0.001 
Shortness of Breath on Hunying 1.50 0.77-2.89 0.237 
Rhinitis 2.06 1.58-2.70 0.001 
Cough*** 1.29 0.61-2.72 0.515 
Phlegm*** 1.04 0.38-2.84 0.939 
Hayfever* 2.69 1.93-3.74 0.001 

Demographics 
Race-White 1.06 1.02-1.09 0.087 
Gender-Female 1.94 1.03-3.66 0.043 

Smoking Status 
Ex-verus-Never 0.09 0.65-1 .36 0.727 
Current versus Never 0.77 0.54-1.09 0.104 

Total Years Borax Exposure (unexposed is 
reference group) 
1-9 years 0.78 0.32-1 .93 0.59 
~ 10 years 0.66 0.31-1.39 0.276 

*Diagnosis by physician 
**Wheeze in the morning and at night 
***Reports of Usual Cough/Phlegm 
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Table 5b: Relative Risks for Asthma and conditions, symptoms, demographic and 
exposure variables of interest. 

Variable Relative 95% Confidence p-value Risk Interval 

Conditions 
Bronchitis* 1.92 1.45-2.56 0.001 
Chronic Bronchits* 1.65 0.38-7.08 0.499 
Wheeze- 2.72 1.32-5.59 0.006 
Chest Tightness 2.00 1.43-2.81 0.001 
Shortness of Breath on Hurrying 2.09 1.13-3.89 0.022 
Rhinitis 2.37 1.83-3.07 0.001 
Cough"** 1.85 0.921-3.70 0.088 
Phlegm*** 0.30 0.04-2.12 0.189 
Hayfever* 3.32 2.43-4.53 0.001 

Demographics 
Race-White 0.97 0.89-1.05 0.392 
Gender-Female 0.87 0.33-2.31 0.773 

Smoking Status 
Ex-verus-Never 0.52 0.29-0.94 0.012 
Current versus Never 0.67 0.46-1.00 0.024 

Total Exposure Years 
1-9 years 0.91 0.33-2.54 0.863 
~ 10 years 0.42 0.16-1 .09 0.070 

*Diagnosis by physician 
**Wheeze in the morning and at night 
***Reports of Usual Cough/Phlegm 
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Table Sc: Relative Risks for Chronic Bronchitis and conditions, symptoms, demographic 
and exposure variables_ of interest. 

Variable 

Conditions 
Wheeze­
Chest Tightness 
Shortness of Breath on Hurrying 
Rhinitis 
Cough*** 
Phlegm--
Hayfever* 

Demographics 
Race-White 
Gender-Female 

Smoking Status 
Ex-verus-Never 
Current versus Never 

Total Exposure Years 

Relative 
Risk 

2.18 
3.80 
2.10 
1.88 
5.04 
4.85 
2.11 

+ 
+ 

0.91 
1.21 

1-9 years 3.13 
~ 10 years 1.23 

*Diagnosis by physician 
**Wheeze in the morning and at night 
***Reports of Usual Cough/Phlegm 
+ No non-whites or females reported chronic bronchitis 
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95% Confidence p-value Interval 

0.58-8.27 0.255 
2.89-5.00 0.001 
0.74-5.99 0.178 
1.13-3.11 0.038 
2.54-10.00 0.001 
1.96-12.01 0.001 
1.10-4.06 0.043 

+ + 
+ + 

0.37-2.25 0.835 
0.78-1 .88 0.439 

0.36-27.11 0.272 
0.15-10.28 0.848 
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Table 5d: Relative Risks for Bronchitis and conditions, symptoms, demographic and 
exposure variables of interest. 

Variable 
Relative 
Risk 

95% Confidence · 1 
Interval p-va ue 

Conditions 
Chronic Bronchits'* 37.83 5.03-284.54 0.001 
1/1/heeze- 1.72 0.95-3.11 0.074 
Chest Tightness 1.64 1.25-2.15 0.001 
Shortness of Breath on Hurrying 1.47 0.91 -2.36 0.117 
Rhinitis 1.93 1.53-2.43 0.001 
Cough'*- 2.05 1.25-3.35 0.004 
Phlegm'*- 1.36 0.72-2.55 0.340 
Hayfever'* 2.03 1.50-2.76 0.001 

Demographics 
Race-White 1.03 0.996-1.07 0.121 
Gender-Female 1.91 1.17-3.13 0.010 

Smoking Status 
Ex-verus-Never 0.95 0.74-1 .23 0.706 
Current versus Never 0.98 0.82-1 .18 0.858 

Total Exposure Years 
1-9 years 1.45 0.86-2.46 0.152 
~ 10 years 1.09 0.67-1 .77 0.727 

*Diagnosis by physician 
**Wheeze in the morning and at night · 
***Reports of Usual Cough/Phlegm 
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Table 6: Sinusitis, Asthma and Chronic Bronchitis by various descriptor, exposure and 
pulmonary function measures. 

Mean Mean 
T -Statistic p-Value 

Yes No 

SINUSITIS 
Age 43.64 40.62 2.291 0.022 
Packyears of Cigarettes 13.56 15.32 0.677 0.499 

Exposure 
Total Years of Borax Exposure 8.97 9.01 -0.038 0.971 

Pulmonary Function Measures 
FEV1 390.78 382.81 0.774 0.439 
FVC 504.39 497.68 0.538 0.591 
PEFR 631 .91 570.91 1.285 0.199 

ASTHMA 
Age 38.09 41 .15 2.140 0.033 
Packyears of Cigarettes 11 .78 15.44 1.295 0.196 

Exposure 
Total Years of Borax Exposure 7.24 9.15 -1.53 0.126 

Pulmonary Function Measures 
FEV1 392.88 382.78 0.900 0.368 
FVC 510.91 497.23 1.007 0.314 
PEFR 582.1 4 576.44 0.110 0.912 

CHRONIC BRONCHITIS 
Age 39.56 40.94 0.529 0.597 
Packyears of Cigarettes 17.45 15.10 0.447 0.655 

Exposure 
Total Years of Borax Exposure 8.34 9.03 -0.373 0.709 

Pulmonary Function Measures 
FEV1 415.81 382.85 1.607 0.109 
FVC 531 .69 497.57 1.373 0.1 70 
PEFR 550.06 577.53 0.290 0.772 
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Table 6 (Continued): Bronchitis by various descriptor, exposure and pulmonary function 
measures. 

Mean Mean T-Statistic p-Value _ Yes No 

BRONCHITIS 
Age 40.97 ' 40.88 0.109 0.913 
Packyears of Cigarettes 13.83 15.67 1.086 0.278 

Exposure 
Total Years of Borax Exposure 9.12 8.93 0.2615 0.794 

Pulmonary Function Measures 
FEV1 389.07 381.40 1.132 0.258 
FVC 502.27 496.77 0.671 0.503 
PEFR 609.24 563.95 1.449 0.148 

COUGH 
Age 41 .33 40.87 0.324 0.746 
Packyears of Cigarettes 26.29 14.17 4.379 0.001 

Exposure 
Total Years of Borax Exposure 9.44 8.94 0.483 0.630 

Pulmonary Function Measures 
FEV1 398.58 382.27 1.454 0.146 
FVC 517.49 496.65 1.536 0.125 
PEFR 506.47 583.11 1.481 0.139 
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Table 7: Univariate Cox Proportional Hazards Models with Sinusitis as the Dependent 
Variable. 
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Age 874.75- 1.03 0.115 0.030 

Race-(White) 903.22*" 4.46 1.007 0.138 

Gender-(Female) 903.14** 1.91 0.342 0.059 

Smoking Status 904.78 

Ex-smoker 0.91 0.293 0.743 

Current smoker 0.64 0.289 0.125 

Packyears 863.36 0.996 0.0067 0.519 ' 

Conditions 

Asthma 903.69* 1.96 0.342 0.050 

Bronchitis 889.80** 2.75 0.241 0.001 

Chronic Bronchitis 901.96** 3.41 0.464 0.008 

\l\lheeze 905.08 1.81 0.593 0.137 

Rhinitis 889.78** 2.77 0.241 0.001 

Cough . 906.62 1.28 0.399 0.537 

Phlegm 906.97 1.04 0.515 0.942 

Hayfever 885.94*" 3.26 0.244 0.001 
-Model ch, square p-value ~0.05 
*Model chi square p-value ~0.15 
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Table 8: Uni~ariate Cox Proportional Hazards Models with Asthma as the Dependent 
Variable. 
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Age 730.68*'* 0.97 0.013 0.040 

Race-(Vvhite) 748.64 0.87 0.468 0.414 

Gender-(Female) 735.39 0.87 0.519 0.782 

Smoking Status 741.27"'* 

Ex-smoker 0.42 0.379 0.021 

Current smoker 0.53 0.302 0.034 

Packyears 718.08 0.99 0.008 0.214 

Conditions 

Sinusitis 745.88* 1.99 o:348 0.048 

Bronchitis 736.51 ** 2.61 0.265 0.003 

Chronic Bronchitis 748.88 1.59 0.720 0.520 

Wheeze 744_19- 2.62 0.381 0.012 

Rhinitis 725.55*'* 3.69 0.268 0.001 

Cough 747.00* 1.85 0.381 0.107 

Phlegm 747.09* 0.30 1.009 0.235 

Hayfever 718.13- 4.66 0.265 0.001 
-Model chi square p-value s:0.05 
*Model chi square p-va!ue s:0.15 
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Table 9: Univariate Cox Proportional Hazards Models with Chronic Bronchitis as the 
Dependent Variable. 

Age 209.72 0.99 0.025 0.601 

Race-(White) + + + + 

Gender-(Female) + + + + 

Smoking Status 

Ex-smoker 209.27 0.86 0.730 0.837 

Current smoker 1.54 0.570 0.448 

Packyears 196.14 1.01 0.011 0.658 

Conditions 

Sinusitis 204.57- 4.26 0.539 0.007 

Asthma 209.93 1.65 0.756 0.508 

Bronchitis 179.35- 37.83 1.033 0.001 

Wheeze 209.34 2.29 0.756 0.273 

Rhinitis 206.56** 2.69 0.500 0.048 

Cough 199.65 .... 6.80 0.516 0.001 

Phlegm 203.86** 5.63 0.577 0.003 

Hayfever 207.01* 2.70 0.516 0.054 
-Model chi square p-value ~0.05 
*Model chi square p-value ~0.15 
+No non-whites or females report Chronic Bronchitis 
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Table 10: Univariate Cox Proportional Hazards Models with Bronchitis as the Dependent 
Variable. 

Age 2638.09 1.001 0.007 0.927 

Race-(White) 2666.39 1.60 0.361 0.194 

Gender-(Female) 2648.74 1.59 0.214 0.030 

Smoking Status 2667.68 

Ex-smoker 0.94 0.182 0.749 

Current smoker 0.98 0.162 0.879 

Packyears 2564.33 0.996 0.004 0.357 

Conditions 

Sinusitis 2655.84** 2.02 0.184 0.001 

Chronic Bronchitis 2652.86** 3.49 0.268 0.001 

Asthma 2659.25** 1.92 0.201 0.001 

Wheeze 2666.31* 1.47 0.253 0.132 

Rhinitis 2649.22** 1.90 0.143 0.001 

Cough 2663.17** 1.66 0.210 0.015 

Phlegm 2667.74 1.25 0.277 0.421 

Hayfever 2655.30** 1.80 0.155 0.001 
-Model chi square p-value :$;0.05 
*Model chi square p-varue :$;0.15 
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Table 11 : Multivariate Cox Proportional Hazards Models with Sinusitis as the Dependent 
Variable. 

Asthma 870.13- 2.26 0.346 0.019 

Age 1.03 0.012 0.017 

Chronic Bronchitis 869.28- 3.65 0.466 0.005 

Age 1.03 0.012 0.025 

Chronic Bronchitis 866.79- 3.80 0.466 0.004 

Age 1.03 0.012 0.024 

Ex-Smoker 0.85 0.303 0.602 

Current Smoker 0.64 0.294 0.132 

Bronchitis 855.74** 2.94 0.245 0.001 

Age 1.03 0.118 0.028 

Bronchitis 853.83- 2.92 0.245 0.001 

Age 1.03 0.012 0.028 

Ex-Smoker 0.89 0.301 0.695 

Current Smoker 0.68 0.293 0.188 

Wheeze 873.07- 1.74 0.400 0.165 

Age 1.02 0.012 0.037 

Wheeze 869.99* 2.05 0.413 0.082 

Age 1.03 0.012 0.038 

Ex-Smoker 0.84 0.304 0.556 

Current Smoker 0.60 0.301 0.092 

Wheeze 825.418- 2.20 0.408 0.054 

Age 1.03 0,013 0.023 

Gender-female 1.75 0.361 0.114 

Packyears 0.99 0.007 0.145 
**Model chi square p-value ~0.05 
'*Model chi square p-value ~0.15 
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Table 12: Multivariate Cox Proportional Hazards Models with Asthma as the Dependent 
Variable. 

Sinus 696.26* 2.40 0.354 0.013 

Age 0.97 0.016 0.090 

Sinus 720.04** 2.14 0.352 0.030 

Age 0.98 0.014 0.081 

Ex-Smoker 0.48 0.387 0.059 

Current Smoker 0.54 0.310 0.048 

Chronic Bronchitis 730.35* 1.56 0.720 0.538 

Age 0.97 0.013 0.041 

Chronic Bronchitis 723.63** 1.62 0.721 0.504 

Age 0.98 0.014 0.118 

Ex-Smoker 0.47 0.386 0.052 

Current Smoker 0.52 0.309 0.033 

Bronchitis 718.83** 2.55 0.267 0.001 

Age 0.97 0.014 0.035 

Bronchitis 712.39- 2.53 0.268 0.001 

Age 0.97 0.014 0.090 

Ex-Smoker 0.48 0.384 0.053 

Current Smoker 0.53 0.309 0.038 

\/Vheeze 724.69- 2.91 0.385 0.006 

Age 0.97 0.014 0.025 

\/Vheeze 715.13** 4.07 0.415 0.001 

Age 0.97 0.014 0.065 

Ex-Smoker 0.45 0.387 0.039 

Current Smoker 0.41 0.330 0.006 
**Model chi square p-value ~0.05 
*Model chi square p-value ~0.15 
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Table 13 : Multivariate Cox Proportional Hazards Models with Chronic Bronchitis as the 
Dependent Variable. 

Sinus 203.48- 4.62 0.545 0.005 

Age 0.98 0.025 0.433 

Sinus 202.15* 4.85 0.547 0.004 

Age 0.98 0.026 0.455 

Ex-Smoker 0.98 0.749 0.981 

Current Smoker 1.77 0.575 0.323 

Asthma 209.37 1.61 0.759 0_. 531 

Age 0.99 0.025 0.635 

.Asthma 208.28 1.70 0.764 0.486 

Age 0.99 0.026 0.648 

Ex-Smoker 0.96 0.747 0.961 

Current Smoker 1.65 0.577 0.386 

Bronchitis 178.69- 37.99 1.033 0.001 

Age 0.98 0.027 0.559 

Bronchitis 177.63** 38.09 1.032 0.001 

Age 0.98 0.027 0.569 

Ex-Smoker 0.95 0.735 0.947 

Current Smoker 1.64 0.571 0.385 

\/Vheeze 208.68 2.37 0.760 0.257 

Age 0.99 0.025 0.550 

\/Vheeze 208.01 2.02 0.784 0.368 

Age 0.99' 0.026 0.589 

Ex-Smoker 0.91 0.744 0.900 

Current Smoker 1.44 0.588 0.533 
-Model chi square p-value :50.05 
*Model chi square p-value :50.15 
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Table 14: Multivariate Cox Proportional Hazards Models with Bronchitis as the 
Dependent Variable. 

Sinus 2624.42- 2.10 0.185 

Age 0.998 0.007 

Sinus 2623.84- 2.09 0.186 

Age 0.998 0.007 

Ex-Smoker 0.96 0.187 

Current Smoker 0.99 0.164 

Asthma 2629.66** 1.90 0.205 

Age 1.002 0.006 

Asthma. 2629.15* 1.89 0.207 

Age 1.002 0.007 

Ex-Smoker 0.99 0.187 

Current Smoker 0.997 0.165 

Chronic Bronchitis 2s22.s8- 3.49 0.269 

Age 1.001 0.007 

Chronic Bronchitis 2621 .82** 3.51 0.269 

Age 1.002 0.007 

Ex-Smoker 0.944 0.186 

Current Smoker 0.927 0.164 

Wheeze 2636.06 1.47 0.254 

Age 1.00 0.007 

Wheeze 2635.15 1.51 0.261 

Age 1.00 0.007 

Ex-Smoker 0.93 0.186 

Current Smoker 0.91 0.167 
**Model chi square p-value ~0.05 
*Model chi square p-value ~0.15 
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