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Abstract Top Article Outline

The airline industry may be an occupational setting with specific health risks. Two environmental agents to which flight crews are known to be exposed are

cosmic radiation and magnetic fields generated by the aircraft's electrical system. Other factors to be considered are circadian disruption and conditions specific o (SIS

to air travel, such as noise, vibration, mild hypoxia, reduced atmospheric pressure, low humidity, and air quality. This study investigated mortality among US o [k

commercial pilots and navigators, using proportional mortality ratios for cancer and noncancer end points. Proportional cancer mortality ratios and mortality odds . R.esults.

ratios were also calculated for comparison to the proportional mortality ratios for cancer causes of death. Results indicated that US pilots and navigators have - Discussion

experienced significantly increased mortality due to cancer of the kidney and renal pelvis, motor neuron disease, and external causes. In addition, increased - Conclusion

mortality due to prostate cancer, brain cancer, colon cancer, and cancer of the lip, buccal cavity, and pharynx was suggested. Mortality was significantly « Acknowledgment
decreased for 11 causes. To determine if these health outcomes are related to occupational exposures, it will be necessary to quantify each exposure - References

separately, to study the potential synergy of effects, and to couple this information with disease data on an individual basis. Jumbo Jet Defined

. Citing Articles

Commercial pilots, navigators, and other flight crew members are exposed to cosmic radiation and to magnetic fields generated by the aircraft's electrical

system. Other factors to be considered are circadian disruption and conditions specific to air travel, such as noise, vibration, mild hypoxia, reduced Figures/Tables
atmospheric pressure, low humidity, and air quality. Specific disease risks have been identified in health studies among commercial flight crews outside of

the United States and among military pilots within the United States. Incidence studies suggest an increase in hormone-sensitive tumors; for example, . Tablel
breast cancer in both Finnish1 and Danish2 flight attendants, prostate cancer in Air Canada pilots,3 and testicular cancer in US Air Force pilots.4 Mortality . Table 2

studies among flight crews in Japan,5 Canada,3.6 and England7 have produced inconsistent results. This may be due in part to small sample sizes,
ranging from only 59 to 411 deaths per study.3,5-7 It was the purpose of this study to investigate mortality among the much larger group of 1538 deaths
among US commercial pilots and navigators.

Methods Ttop

Since 1984, industry and occupation have been coded on death certificates in 24 states (Colorado, Georgia, Idaho, Indiana, Kansas, Kentucky, Maine, Missouri, Nebraska, Nevada, New Hampshire, New Jersey, New Mexico, North Carolina, Ohio, Oklahoma,
Rhode Island, South Carolina, Tennessee, Utah, Vermont, Washington, West Virginia, and Wisconsin). The coding scheme used is the Bureau of the Census Index of Industries and Occupations.

The mortality among US airline pilots and navigators (occupational code 226) was investigated using proportional mortality ratios (PMRs) for cancer and noncancer end points. All ratios were calculated for the years 1984 to 1991 and adjusted for race, sex,
age, and region, using a mortality analysis program developed by the National Cancer Institute (NCI).8 Expected numbers were based on the 24-state data for all occupations combined. Proportional cancer mortality ratios (PCMRs) and mortality odds ratios
(MORs) were also calculated for comparison to the PMRs for cancer causes of death.

Among pilots and navigators, there was a total of 1538 deaths, with 1502 of these among white males, 11 among non-white males, and 25 among white females. The occupational code 226 for pilots and navigators applies only to civilians; military pilots are
listed in the military occupations combined and are not included in this study. Flight attendants could not be included because they are not separated from other airline workers by an individual occupational code.

Results Top
PMR results for all causes of death, 1984-1991, are given in Table 1. Cancer of the kidney and renal pelvis was the only cancer cause of death to be significantly increased. This finding was supported by significant increases also in the PCMR and MOR
analyses (Table 2).
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Cause - (0] E O/E (95% CI)

All mallgnant neoplasms 407 387.81 1.05 (0.95-1.16)
Lip, buccal cavity, and pharynx 14 8.32 1.68 (0.92-2.82)
Digestive organs and peritoneum 92 86.16 1.07 (0.86-1.31)
Stomach 5 10.72 0.47 (0.15-1.09)
Colon™ 42 33.22 1.26 (0.91-1.71)
Respiratory system 133 148.67 0.89 (0.75-1.06)
Trachea, bronchus, and lung 130 143.17 0.91 (0.76-1.08)
Melanoma* 11 8.59 1.28 (0.64-2.29)
Other skin (non-melanoma and not otherwise specified) 3 2.22 1.35 (0.27-3.94)
Breast 2 2.36 0.85 (0.10-3.06)
Prostate 38 27.56 1.38 (0.98-1.89)
Kidney and renal pelvis 19 9.71 1.96 (1.18-3.06)
Brain 19 12.74 1.49 (0.90-2.33)
All lymphatic and hematopoietic 36 39.11 0.92 (0.64-1.27)
Leukemia and aleukemia 16 14.76 1.08 (0.62-1.76)

All causes of death except cancer 1131 1150.19 0.98 (0.93-1.04)
All infective and parasitic disease 18 39.53 0.46 (0.27-0.72)
AIDS 6 22.23 0.27 (0.10-0.59)
Endocrine, metabolic, nutritional diseases, immune disorders 27 36.57 0.74 (0.49-1.07)
Diseases of nervous system and sense organs 31 23.36 1.33 (0.90-1.88)
Motor neuron disease 8 3.40 2.35(1.01-4.63)
Diseases of circulatory system 449 589.20 0.76 (0.69-0.84)
Arteriosclerotic heart disease, including CHD (IHD) 290 395.80 0.73 (0.65-0.82)
Cerebrovascular disease (all vascular lesions of CNS) 50 62.54 0.80 (0.59-1.05)
All respiratory diseases 72 109.72 0.66 (0.51-0.83)
Pneumonia 17 32.57 0.52 (0.30-0.84)
All diseases of digestive system 40 58.21 0.69 (0.49-0.94)
All external causes of death 442 228.92 1.93 (1.76-2.12)

* O, observed number; E, expected number; 95% CI, 95% confidence interval; CHD, congenital heart disease; IHD, ischemic heart disease;
CNS, central nervous system.

' Large intestine, excluding rectum.

¥ Except scrotum.

TABLE 1 United States Commercial Pilots and Navigators Proportional Mortality Ratios for All Causes of Death, 1984-1991*
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Cancer Cause

PCMR (95% CI)

Kidney

1.88 (1.13-2.93)

PMR (95% ClI)

MOR (95% Cl)

1.96 (1.18-3.06)

2.00 (1.29-3.10)

Prostate 1.15 (0.82-1.58) 1.38 (0.98-1.89) 1.46 (1.06-2.03)
Brain 1.59 (0.96-2.48)"T 1.49(0.90-2.33) 1.49 (0.95-2.34)
Colon 1.17 (0.84-1.58) 1.26 (0.91-1.71)  1.30(0.96-1.77)
Lip, buccal cavity, pharynx 1.64 (0.90-2.75* 1.68 (0.92-2.82) 1.71(1.01-2.89)

T Brain/CNS.

* Buccal cavity and pharynx.

* PCMRs, proportional cancer mortality ratios; PMRs, proportional mortality ratios; MOR,
mortality odds ratios.

TABLE 2 United States Commercial Pilots and Navigators PCMRs, PMRs, and MORs for Selected Cancer Causes of Death, 1984-1991*

Increased cancer mortality was suggested for prostate cancer, brain cancer, colon cancer, and cancer of the lip, buccal cavity, and pharynx. PMRs, with supporting PCMRs and MORs, for each of these cancers are given in Table 2.

In addition, decreased cancer mortality was suggested for stomach cancer and cancer of the trachea, bronchus, and lung.

Among noncancer causes of death, the only causes to be significantly increased were motor neuron disease and all external causes of death. An increase was suggested for diseases of the nervous system and sense organs, particularly in the age groups of
60-74 years (PMR, 2.05; 95% confidence interval [CI], 1.22-3.25) and 75+ years (PMR, 2.06; 95% ClI, 1.03-3.69).

Numerous noncancer causes of death were significantly decreased (seven disease causes and four nondisease causes). Specifically, these were diseases of the circulatory system; arteriosclerotic heart disease, including coronary heart disease (ischemic
heart disease); all respiratory diseases; pneumonia; all diseases of the digestive system; infective and parasitic disease; AIDS; motor vehicle and other road vehicle accidents; other nontransport unintentional trauma; homicide; and firearms.

Discussion Top

In the following discussion, results for diseases identified by this study as potential causes of increased mortality among flight crews are compared with results from other studies. It should be noted that both study design and sample size vary across the
studies compared, accounting for some of the variation in the results.

An increase in prostate cancer mortality was suggested among US commercial pilots and navigators. In other studies, prostate cancer was increased in a standardized incidence ratio (SIR) study of Air Canada pilots3 and in a PMR study of British Airways
pilots.7 Additionally, testicular cancer was significantly increased in a relative risk study of US Air Force pilots.4

The sensitivity of the prostate to ionizing radiation appears to be low,9 but prostate cancer has been associated with magnetic fields. It has been proposed that magnetic field exposure may alter pineal function, leading to reduced production of the pineal
hormone melatonin. Reduced melatonin concentration may lead to an increased secretion of prolactin and gonadal steroids (eg, estrogen and testosterone). This increase may, in turn, cause proliferation of cell division in breast or prostate tissue and stimulate
growth of initiated cancer cells.10,11 Patients with primary preoperative mammary and prostate cancer show a clear tumor size-dependent decrease in melatonin secretion.12 Serum melatonin levels in elderly men showed that those with prostate carcinoma
had a significantly lower average night-time peak than did men without cancer. In Fisher rats inoculated with prostatic adenocarcinoma cells, the injection of melatonin has reduced serum testosterone concentration, reduced the size of the prostate gland, and
slowed the growth of prostate cancer cells.10

In addition to prostate cancer, suppression of pineal function has been implicated in the etiology of certain other cancers, including breast cancer and melanoma.10 However, it should be noted that the link between magnetic fields and suppression of pineal
function is as yet unproven in humans. Other factors that may affect pineal function are sleep disruption, light at night, and certain medications.

The results of the present study indicated no significant difference in mortality due to melanoma. Other studies finding no significant difference in melanoma were as follows: Finnish flight attendants (SIR study),1 Air Canada pilots (SIR study),3 and British
Columbia pilots (PMR study).6 In a study of US Air Force pilots compared with other nonflying officers, the relative risk for melanoma was not significant; however, the SIR approached significance when the pilots were compared with a Surveillance
Epidemiology, and End Results population.4 Significant increases were found among British Airways pilots in PMR and PCMR studies7 and among pilots in England, Wales, and Sweden in an incidence study.13 Although results on melanoma are inconsistent,
further study seems warranted because of the potential association of melanoma with intense, intermittent sun exposure14 and with the suppression of pineal function.10

A significant increase in mortality due to cancer of the kidney and renal pelvis was consistently demonstrated in each of the PMR, MOR, and PCMR analyses of US commercial pilots and navigators. However, kidney cancer results from other studies of airline
flight crews have not shown a significant difference in either mortality or incidence.3,7

Kidney cancer is often associated with tobacco use, but tobacco as a contributing agent is counterindicated by significant decreases in all respiratory diseases. The BEIR V reportg cites epidemiologic evidence for both genders showing that ionizing radiation is
associated with cancer of the bladder, and, to a lesser extent, of the kidneys and other urinary organs; however, the associated dose levels (relative risk, 2.3 urinary tract cancer deaths per Gray of absorbed Dosimetry System 1986 dose) are much higher than
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those encountered by flight crews. The association of kidney and renal cancer to hormonal agents is uncertain but has been investigated. Human kidney tissues (malignant and normal) contain estrogen receptors.15 Thus it has been suggested that renal cell
carcinoma is hormone-dependent in a manner similar to that of breast and prostate cancers. A study of reproductive factors and the risk of renal cell cancer among women16 found an increased risk among women who used menopausal hormones. A
Japanese study17 found a positive risk of kidney cancer with the use of estrogen; however, a study in Denmark18 found no association with use of estrogen-containing medication.

Although the degree of pilot exposure to aviation gasoline is uncertain, it should be noted that an association between kidney cancer and aviation gasoline was reported in a population-based case-referent study in Montreal on 12 petroleum-derived liquids.19 A
similar association was found between kidney cancer and jet fuel.19 Lynge et al20 reported a 30% elevation in kidney cancer incidence among a cohort of service station workers in Denmark, Norway, Sweden, and Finland. A case-referent study of
occupational risk indicators of renal cell cancer in Finland found an elevated risk and an exposure-response relationship for gasoline exposure.21 In contrast, no indication of increased mortality from kidney cancer was found in a US study of marketing and
marine distribution employees who were exposed to gasoline in the petroleum industry, when compared with the general population.22

Cancer of the brain has been included in numerous health studies. An increase in mortality due to cancer of the brain was suggested in the present study. Cancers of the brain and central nervous system were significantly elevated in a PMR study of British
Airways pilots; significance was approached in a PCMR analysis of the same cohort.7 Among Air Canada pilots, the SIR for astrocytomas approached significance, but the Standardized Mortality Ratio (SMR) due to cancer of the brain was not significant.3
Results from other studies indicated no significant difference: Finnish flight attendants (for nervous system)1; US Air Force pilots4; and British Columbia pilots.6

An increase in mortality due to cancer of the lip, buccal cavity, and pharynx was suggested among US commercial pilots and navigators. Other studies have reported no significant differences in cancers of this region.3.4.7
The major risk factors for oral cancer in developed countries are alcohol and tobacco.23 In addition, alcohol interacts with tobacco smoke in the development of cancers of the oral cavity and pharynx such that individuals who use both are at greatest risk.23

Increased mortality due to colon cancer (large intestine, excluding rectum) was also suggested among US commercial pilots and navigators. Colon cancer was significantly increased in a PMR study among British Airways pilots.7 Colon cancer has been
associated consistently with increased consumption of red meat and some types of fats, decreased consumption of vegetables, and physical inactivity.24

The only noncancer disease found to contribute significantly to excess mortality among US pilots and navigators was motor neuron disease. Despite intensive research into environmental agents associated with the disease, there is no single factor that can
confidently linked over time with regional, national, or international variations in mortality rates.25 In a study of mortality in Japan, unusual variations in motor neuron disease mortality rate from 1950-1990 were found to correlate highly significantly with
variations in radioactive fallout released by atmospheric weapons testing in the Pacific.25 The most common form of progressive motor neuron disease is amyotrophic lateral sclerosis (ALS).26 A study of magnetic field exposure and neurodegenerative disease
mortality among electric utility workers suggested that both duration of work in exposed jobs and estimated magnetic field strength, particularly with a latency of 20 years, may be positively associated with ALS.27 This suggestion is supported by a case-control
study in a different population, which found a significant positive association between occupational exposure to electromagnetic fields for 20 or more years and ALS.28

The mortality ratios reported here for US commercial pilots and navigators are calculated using expected numbers based on all occupations combined. Using employed individuals, rather than the general population, as the comparison population should
reduce the healthy worker effect somewhat. However, pilots and navigators are an exceptionally healthy group, as evidenced by the numerous causes of decreased mortality. Therefore, it is important to consider the impact of the healthy worker effect on the
relationships between different types of mortality ratios.

A limitation of the PMR s that the proportional mortality for the cause of interest can be affected by the relative frequency of other causes of death. It has been argued that the healthy worker effect may reduce certain causes of death (such as heart disease)
among industrial groups, causing other causes of death (such as cancer) to be high, even when there is no true risk.29 The PMR and the MOR are used to approximate the cause-specific SMR when death data are available but the population at risk is not
known.30 Stewart and Hunting30 published calculations indicating the following relationships: When there is a healthy worker effect, the MOR will overestimate the SMR and will be greater than the PMR. The PMR is influenced by the relative frequency of the
cause of death. For rare causes, such as brain cancer, the PMR will overestimate the SMR to essentially the same degree as the MOR. For more common conditions, such as lung cancer, the PMR will either overestimate or underestimate the SMR,
depending on the magnitude of the healthy worker effect. When the SMR is equal to 1 and there is a healthy worker effect, both the PMR and the MOR are greater than 1, regardless of the disease rate. As the SMR increases, it is likely to be bounded below
by the PMR and above by the MOR.30

In general, the results of the mortality analyses of US commercial pilots and navigators reflect the relationships between mortality ratios as described by Stewart and Hunting3o when a healthy worker effect exists. Assuming that the PCMR most closely
resembles the SMR for cancer end points, the findings for cancer of the kidney and renal pelvis (the only cancer cause to be significantly elevated in each of the three analyses) show an increase in measures from PCMR (1.88) to PMR (1.96) to MOR (2.00). A
similar trend is seen for prostate cancer and colon cancer (Table 2).

In addition to the healthy worker effect, mortality among pilots due to external causes of death warrants comment. The total number of deaths included in the PMR analysis is 1528. Of these, 442 are due to all external causes of death (including the
subcategories all accidents, motor vehicle, road vehicle accidents, nontransport, homicide, and firearms). While the number of all accidents is significantly high, those in the other subcategories are significantly low, suggesting that the excess may be due to
aircraft accidents. Excesses in aircraft accidents have been found in an SMR study of Air Canada pilots,3 an SMR study of Japan Airlines cockpit crew,5 a PMR study of British Columbia pilots,6 and a PMR study of British Airways pilots.7 While it would be

interesting to repeat the present analysis with aircraft accidents excluded, the original data does not permit a separation of this special category.

Conclusion Top

In conclusion, the complexities of combined exposures cannot be addressed by mortality studies alone. PMRs are frequently used in studies in which the only information available comes from the death certificates of a group of persons in a specific
occupation. However, limitations do exist with this approach. While an observed excess of one cause of death in a particular exposure group may represent a true increased risk, it may also merely represent a deficit of deaths due to some other cause.31 Thus
ratio methods can only suggest that a risk exists. Likewise, mortality may not be a true indication of disease rate. Incidence studies may reflect more consistent findings of disease. Nonetheless, the results of this study suggest a direction and approach for
further study. To determine if the health outcomes experienced by flight crews are related to occupational exposures, these exposures should be quantified separately, examined for potential synergy of effects, and analyzed with disease incidence and
mortality data on an individual basis.

Acknowledgment Top
This publication was supported in part by funds from the US Department of Energy cooperative agreement DE-FC02-98CH10902.

References top

1. Pukkala E, Auvinen A, Wahlberg G. Incidence of cancer among Finnish airline cabin attendants, 1967-92. BMJ. 1995;311:649-652.
[Fulltext Link] [Context Link]

http://www.joem.org/pt/re/joem/ful ltext.00043764-199811000-00008.htm;jsessio...t3W5FFZ 144A L M gJ0amZq! 2053693457! -949856144! 9001! - 17nav=search& ful limage=true (4 of 7)05/02/2006 18:26:46


http://www.joem.org/pt/re/joem/selectreference.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1!1139163287093?an=00043764-199811000-00008&id=P47&data=00002591_1995_311_649_pukkala_attendants_%7C00043764-199811000-00008%23xpointer(id(R1-8))%7C1160690%7C%7Covftdb%7C00002591-199509090-00015

Journal of Occupational and Environmental Medicine - Fulltext: Volume 40(11) November 1998 p 980-985 Mortality Among US Commercia Pilots And Navigators.

2. Lynge E. Risk of breast cancer is also increased among Danish female airline cabin attendants. BMJ. 1996;312:253.
[Fulltext Link] [Context Link]

3. Band PR, Nhu DL, Fang R, et al. Cohort study of Air Canada pilots: mortality, cancer incidence, and leukemia risk. Am J Epidemiol. 1996;143:137-143.
[Context Link]

4. Grayson JK, Lyons TJ. Cancer incidence in United States Air Force Aircrew, 1975-89. Aviat Space Environ Med. 1996;67:101-104.
[Context Link]

5. Kaji M, Tango T, Asukata |, et al. Mortality experience of cockpit crewmembers from Japan Airlines. Aviat Space Environ Med. 1993;64:748-750.
[Context Link]

6. Salisbury DA, Band PR, Threlfall WJ, Gallagher RP. Mortality among British Columbia pilots. Aviat Space Environ Med. 1991;62:351-352.
[Context Link]

7. Irvine D, Davies M. The mortality of British Airways pilots, 1966-1989: aproportional mortality study. Aviat Space Environ Med. 1992;63:276-279.
[Context Link]

8. National Cancer Institute, Division of Cancer Epidemiology and Genetics. O/E Analysis Command Procedures for Use With the 1984-1993 Mortality Files User Guide, Version 7.0. Bethesda, MD: 1994.
[Context Link]

9. Committee on the Biological Effects of lonizing Radiations. Health effects of exposure to low levels of ionizing radiation. BEIR V. Washington, DC: National Academy Press; 1990.
[Context Link]

10. Stevens RG, Davis S, Thomas DB, Anderson LE, Wilson BW. Electric power, pineal function, and the risk of breast cancer. FASEB J. 1992;6:853-860.
[Context Link]

11. National Research Council (NRC). Possible Health Effects of Exposure to Residential Electric and Magnetic Fields. Washington, DC: National Academy Press; 1997.
[Context Link]

12. Maestroni GJM, Conti A. Melatonin in human breast cancer tissue: association with nuclear grade and estrogen receptor status. Lab Invest. 1996;75:557-561.
[Medline Link] [Context Link]

13. Vagero D, Swerdlow AJ, Beral V. Occupation and malignant melanoma: a study based on cancer registration data in England and Wales and in Sweden. Br J Ind Med. 1990;47:317-324.
[Context Link]

14. Gloster HM Jr, Brodland DG. The epidemiology of skin cancer. Dermatol Surg. 1996;22:217-226.
[CrossRef] [Context Link]

15. Sion-Vardi N, Kaneti J, Segal-Abramson T, Giat J, Levy J, Sharoni Y. Gonadotropin-releasing hormone specific binding sites in normal and malignant renal tissue. J Urol. 1992;148:1568-1570.
[Context Link]

16. Chow WH, McLaughlin JK, Mandel JS, Blot WJ, Niwa S, Fraumeni JF Jr. Reproductive factors and the risk of renal cell cancer among women. Int J Cancer. 1995;60:321-324.
[Context Link]

17. Watanabe H, Ohe H, Nakagawa S, et al. A workshop on the high risk group and the preventive oncology of renal cell carcinoma. Hinyokika Kiyo. 1992;38:237-253.
[Context Link]

18. Mellemgaard A, Engholm G, McLaughlin JK, Olsen JH. Risk factors for renal-cell carcinoma in Denmark. Ill. Role of weight, physical activity and reproductive factors. Int J Cancer. 1994;56:66-71.
[Context Link]

19. Siemiatycki J, Dewar R, Nadon L, Gerin M, Richardson L, Wacholder S. Associations between several sites of cancer and twelve petroleum-derived liquids. Scand J Work Environ Health. 1987;13:493-504.
[Context Link]

20. Lynge E, Andersen A, Nilsson R, et al. Risk of cancer and exposure to gasoline vapors. Am J Epidemiol. 1997;145:449-458.
[Context Link]

21. Partanen T, Heikkila P, Hernberg S, Kauppinen T, Moneta G, Ojajarvi A. Renal cell cancer and occupational exposure to chemical agents. Scand J Work Environ Health. 1991;17:231-239.
[Context Link]

22. Wong O, Harris F, Smith TJ. Health effects of gasoline exposure. Il. Mortality patterns of distribution workers in the United States. Environ Health Perspect. 1993;101(suppl 6):63-76.
[Context Link]

23. La Vecchia C, Tavani A, Franceschi S, Levi F, Corrao G, Negri E. Epidemiology and prevention of oral cancer. Oral Oncol. 1997;33:302-312.
[Medline Link] [CrossRef] [Context Link]

24. Colditz G, DeJong W, Hunter D, Trichopoulos D, Willett W. Harvard report on cancer prevention. Volume 1: Causes of human cancer. Cancer Causes Control. 1996;7:S3-S58.
[Context Link]

25. Neilson S, Robinson I, Rose FC. Mortality from motor neuron disease in Japan, 1950-1990: association with radioactive fallout from atmospheric weapons testing. J Neurol Sci. 1995;134:61-66.
[Medline Link] [CrossRef] [Context Link]

26. Brown RH Jr. Motor neuron disease and the progressive ataxias. In: Jisselbacher K, Braunwald E, Wilson JD, Martin JB, Fauci AS, Kasper DL, eds. Harrison's Principles of Internal Medicine, 13th ed. New York: McGraw-Hill, Inc.; 1994:2280.
[Context Link]

27. Savitz D, Checkoway H, Loomis D. Magnetic field exposure and neurodegenerative disease mortality among electric utility workers. Am J Epidemiol 1997;145:S40.
[Context Link]

28. Davanipour Z, Sobel E, Bowman JD, Qian Z, Will AD. Amyotrophic lateral sclerosis and occupational exposure to electromagnetic fields. Bioelectromagnetics. 1997;18:28-35.
[CrossRef] [Context Link]

29. Wong O, Morgan RW, Kheifets L, Larson SR. Comparison of SMR, PMR, and PCMR in a cohort of union members potentially exposed to diesel exhaust emissions. Br J Ind Med. 1985;42:449-460.
[Context Link]

30. Stewart W, Hunting K. Mortality odds ratio, proportionate mortality ratio, and healthy worker effect. Am J Ind Med. 1988;14:345-353.
[Context Link]

31. Hennekens CH, Buring JE. Epidemiology in Medicine. Boston/Toronto: Little, Brown and Company; 1987.

http://www.joem.org/pt/re/joem/ful ltext.00043764-199811000-00008.htm;jsessio...t3W5FFZ 144A L M gJ0amZq! 2053693457! -949856144! 9001! - 17nav=search& ful limage=true (5 of 7)05/02/2006 18:26:46


http://www.joem.org/pt/re/joem/selectreference.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1!1139163287093?an=00043764-199811000-00008&id=P48&data=00002591_1996_312_253_lynge_attendants_%7C00043764-199811000-00008%23xpointer(id(R2-8))%7C1160690%7C%7Covftdb%7C00002591-199601270-00078
http://www.joem.org/pt/re/joem/selectreference.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1!1139163287093?an=00043764-199811000-00008&id=P58&data=00005523_1996_75_557_maestroni_association_%7C00043764-199811000-00008%23xpointer(id(R12-8))%7C1160700%7C%7Covftdb%7C00005523-199610000-00009
javascript:newWindowCrossRef('/pt/re/joem/selectreference.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1!1139163287093','00043764-199811000-00008','P60','00042852_1996_22_217_gloster_epidemiology_%7C00043764-199811000-00008%23xpointer(id(R14-8))%7C1160710%7C%7Covftdb%7C','width=550,height=500,location=yes,toolbar=yes,status=yes,menubar=yes,scrollbars=yes,resizable=yes')
http://www.joem.org/pt/re/joem/selectreference.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1!1139163287093?an=00043764-199811000-00008&id=P69&data=00063407_1997_33_302_vecchia_epidemiology_%7C00043764-199811000-00008%23xpointer(id(R23-8))%7C1160700%7C%7Covftdb%7C
javascript:newWindowCrossRef('/pt/re/joem/selectreference.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1!1139163287093','00043764-199811000-00008','P69','00063407_1997_33_302_vecchia_epidemiology_%7C00043764-199811000-00008%23xpointer(id(R23-8))%7C1160710%7C%7Covftdb%7C','width=550,height=500,location=yes,toolbar=yes,status=yes,menubar=yes,scrollbars=yes,resizable=yes')
http://www.joem.org/pt/re/joem/selectreference.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1!1139163287093?an=00043764-199811000-00008&id=P71&data=00005070_1995_134_61_neilson_association_%7C00043764-199811000-00008%23xpointer(id(R25-8))%7C1160700%7C%7Covftdb%7C
javascript:newWindowCrossRef('/pt/re/joem/selectreference.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1!1139163287093','00043764-199811000-00008','P71','00005070_1995_134_61_neilson_association_%7C00043764-199811000-00008%23xpointer(id(R25-8))%7C1160710%7C%7Covftdb%7C','width=550,height=500,location=yes,toolbar=yes,status=yes,menubar=yes,scrollbars=yes,resizable=yes')
javascript:newWindowCrossRef('/pt/re/joem/selectreference.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1!1139163287093','00043764-199811000-00008','P74','00001010_1997_18_28_davanipour_electromagnetic_%7C00043764-199811000-00008%23xpointer(id(R28-8))%7C1160710%7C%7Covftdb%7C','width=550,height=500,location=yes,toolbar=yes,status=yes,menubar=yes,scrollbars=yes,resizable=yes')

Journal of Occupational and Environmental Medicine - Fulltext: Volume 40(11) November 1998 p 980-985 Mortality Among US Commercia Pilots And Navigators.

[Context Link]

Jumbo Jet Defined Top
Boeing managers like to describe a ship like the wide-bodied 747 as "6 million parts flying in close formation” ....

From Greenwald J. Is Boeing out of its spin? TIME, July 13, 1998, p 68.

© Williams & Wilkins 1998. All Rights Reserved.

Citing Articles ror

Vascular endothelial growth factor and the nervous system.
Neuropathology & Applied Neurobiology. 30(5):427-446, October 2004.
- Brockington, A. *; Lewis, C. +; Wharton, S. +; Shaw, P. J. *
“ Abstract] [Fulltext] [PDF (374 K)

A Population-Based Case-Control Study of Occupation and Renal Cell Carcinoma Risk in lowa.
=gy Journal of Occupational & Environmental Medicine. 46(3):235-240, March 2004.

ll . Zhang, Yawei MD; Cantor, Kenneth P. PhD; Lynch, Charles F. PhD; Zheng, Tongzhang ScD

I [Abstract] [Fulltext] [PDF (144 K)]

Mortality Risk in a Birth Cohort of Commuter Air Carrier and Air Taxi Pilots.

Journal of Occupational & Environmental Medicine. 45(12):1297-1302, December 2003.

Qiang, Yandong MD, MPH, MHS; Baker, Susan P. MPH; Rebok, George W. PhD, SCD (Hon.); McCarthy, Melissa L. ScD; Li, Guohua MD, DrPH
Abstract] [Fulltext] [PDF (150 K)

Occurrence of amyotrophic lateral sclerosis among Gulf War veterans.

Neurology. 61(6):742-749, September 23, 2003.

Horner, R.D. PhD; Kamins, K.G. PhD; Feussner, J.R. MD, MPH; Grambow, S.C. PhD; Hoff-Lindquist, J. MStat; Harati, Y. MD; Mitsumoto, H. MD, DSci; Pascuzzi, R. MD; Spencer,
P.S. PhD; Tim, R. MD; Howard, D. MSPH; Smith, T.C. MS; Ryan, M.A.K. MD, MPH; Coffman, C.J. PhD; Kasarskis, E.J. MD, PhD

Abstract] [Fulltext] [PDF (138 K)

_—
3 Chronic Exposure of Rats to Cotton-Mill-Room Noise Changes the Cell Composition of the Tracheal Epithelium.
nmsgy Journal of Occupational & Environmental Medicine. 44(12):1135-1142, December 2002.
Il) " Oliveira, Maria Joao R. BSc, MSc; Pereira, Antonio S. MD, PhD; Guimaraes, Laura BSc, MSc; Freitas, Diamantino PhD; Carvalho, Antonio P. O. PhD; Grande, Nuno R. MD, PhD;
oS Aguas, Artur P. MD, PhD
Abstract] [Fulltext] [PDF (2.61 M)
3 Mutations in the VEGF Promoter and ALS in Airline Pilots: A Link?

? Journal of Occupational & Environmental Medicine. 44(11):987, November 2002.
fim i Pamphlett, Roger MD, ChB, BSc(Med), FRACP, FRCPath
N Fulltext

http://www.joem.org/pt/re/joem/ful ltext.00043764-199811000-00008.htm;jsessio...t3W5FFZ 144A L M gJ0amZq! 2053693457! -949856144! 9001! - 17nav=search& ful limage=true (6 of 7)05/02/2006 18:26:46


http://www.joem.org/pt/re/joem/abstract.00006101-200410000-00002.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=1&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/fulltext.00006101-200410000-00002.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=1&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/pdfhandler.00006101-200410000-00002.pdf;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=1&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/abstract.00043764-200403000-00009.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=2&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/fulltext.00043764-200403000-00009.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=2&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/pdfhandler.00043764-200403000-00009.pdf;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=2&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/abstract.00043764-200312000-00012.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=3&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/fulltext.00043764-200312000-00012.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=3&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/pdfhandler.00043764-200312000-00012.pdf;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=3&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/abstract.00006114-200309230-00010.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=4&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/fulltext.00006114-200309230-00010.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=4&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/pdfhandler.00006114-200309230-00010.pdf;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=4&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/abstract.00043764-200212000-00007.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=5&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/fulltext.00043764-200212000-00007.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=5&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/pdfhandler.00043764-200212000-00007.pdf;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=5&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/fulltext.00043764-200211000-00001.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=6&basedoc=00043764-199811000-00008&nav=forward

Journal of Occupational and Environmental Medicine - Fulltext: Volume 40(11) November 1998 p 980-985 Mortality Among US Commercia Pilots And Navigators.

Epidemiologic Studies Of Pilots And Aircrew.
Ial’.'I.I.I]I Health Physics. 79(5):576-584, November 2000.
PHNSICS Boice, John D. Jr. *; Blettner, Maria +; Auvinen, Anssi ++

Abstract] [Fulltext] [PDF (65 K)

Copyright © 2006, Lippincott Williams & Wilkins. All rights reserved.
Published by Lippincott Williams & Wilkins.
Copyright/Disclaimer Notice * Privacy Policy

m Subscribe to RSS feed

http://www.joem.org/pt/re/joem/ful ltext.00043764-199811000-00008.htm;jsessio...t3W5FFZ 144A L M gJ0amZq! 2053693457! -949856144! 9001! - 17nav=search& ful limage=true (7 of 7)05/02/2006 18:26:46


http://www.joem.org/pt/re/joem/abstract.00004032-200011000-00016.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=7&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/fulltext.00004032-200011000-00016.htm;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=7&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/pdfhandler.00004032-200011000-00016.pdf;jsessionid=DdheStYTGbz5V5QHptbH1EsrnFVM8f1vUw4Lfsk1mvGpdDCzzdLq!2053693457!-949856144!9001!-1?article=7&basedoc=00043764-199811000-00008&nav=forward
http://www.joem.org/pt/re/joem/copyrightdisclaimer.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1
http://www.joem.org/pt/re/joem/privacypolicy.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1
http://www.joem.org/pt/re/joem/toccurrentrss.xml;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1
javascript:newWindow('/pt/re/joem/redirecthandler.htm;jsessionid=DmAXMl2E5W5zBkyHYJRdmozkT8WGKgg5t3w5FFZ144ALMgJ0amZq!2053693457!-949856144!9001!-1?name=rssdef&type=external','rssdef','width=550,height=500,location=yes,toolbar=yes,status=yes,menubar=yes,scrollbars=yes,resizable=yes')

	joem.org
	Journal of Occupational and Environmental Medicine - Fulltext: Volume 40(11) November 1998 p 980-985 Mortality Among US Commercial Pilots And Navigators.


