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Abstract. Introduction: One important source of error
in study results is error in measuring exposures.
When interpreting study results, one should consider
the impact that exposure-measurement error (EME)
might have had on study results. Methods: To assess
how often this consideration is made and the form it
takes, journal articles were randomly sampled from
original articles appearing in the American Journal of
Epidemiology and Epidemiology in 2001, and the
International  Journal of Epidemiology between
December 2000 and October 2001. Results: Twenty-

two (39%) of the 57 articles surveyed mentioned
nothing about EME. Of the 35 articles that men-
tioned something about EME, 16 articles described
qualitatively the effect EME could have had on study
results. Only one study quantified the impact of EME
on study results; the investigators used a sensitivity
analysis. Few authors discussed the measurement
error in their study in any detail. Conclusions: Over-
all, the potential impact of EME on error in epi-
demiologic study results appears to be ignored
frequently in practice.
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Introduction

It is a fact of epidemiologic life that all study results
have some amount of error, both random and sys-
tematic. One important source of systematic error in
study results is exposure-measurement error (EME)
[1]. Epidemiologic textbooks teach that we should
assess the impact of EME when we interpret epi-
demiologic study results [2-7]. How often is this done
in practice? We present a survey of three epidemio-
logic journals over a one-year period. Our purpose is
to examine how epidemiologists account for potential
error in study results due to EME.

Methods

One of us (AMJ) read the titles of articles that
appeared during a one-year period in the journals
Epidemiology (2001), American Journal of Epidemi-
ology (2001), and International Journal of Epidemiol-
ogy (December 2000 through October 2001). We
excluded articles that were obviously methodological,
and then took a simple random sample (N = 76)
from the 436 remaining articles. We wanted to
include in our survey only those articles whose main
intent was to examine the relationship between one or
more exposures and disease or injury occurrence; 19

articles were excluded because they did not meet this
criterion. Fifty-seven articles met our inclusion
criteria [8—64].

Each included article was carefully read by one
of the authors (AMJ) in its entirety at least three
times. Some sections of some articles were read
many more times depending on the article’s com-
plexity and clarity. Each article was examined for
(a) statements that acknowledged the possibility of
error in the measurement of any of the study
exposures and (b) qualitative or quantitative
evaluations of the impact of EME on study
results.

Results

Fifty-seven articles were included in our analysis
[8—64]. Twenty-two articles (39%, 95% confidence
limits (CL): 26, 51) said nothing about EME. Only
one of these studies had an exposure (gender) that,
in our opinion, could have been measured with a
negligible amount of EME (Table 1). The relative
risks reported in these studies were not so extreme
that the potential effect of EME on study results
could be safely ignored with one exception: a
measles vaccination study with risk ratios close to
zero (Table 1).
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Table 1. Study exposures and reported relative risks for articles that ignored exposure-measurement error

Study exposure Minimum reported Geometric Maximum reported
relative risk® mean® relative risk®
Race 1.30 2.09 3.10
Alcohol consumption 0.59 0.95 1.58
Husband’s occupation, household income, education 0.22 0.88 3.32
Weather 1.03 1.04 1.04
Alcohol consumption 0.48 1.12 2.29
Gender 0.92 1.05 1.29
First degree relatives 1.06 2.35 5.18
Immigration status 0.45 1.03 4.11
Serum triglycerides 0.69 1.77 4.86
Sedentary hours per day, vegetarian diet® — - =
Air pollution 0.60¢ - 1.80¢
Months since last cervical smear, age (years) 0.10 1.06 4.60
at first intercourse®
Smoking, chronic hypertension® 0.70 1.64 6.28
Use and duration of oral contraceptives® 0.41 0.85 2.06
Body mass index, physical activity® 0.74 1.14 1.70
Vitamin use 0.28 0.72 1.19
Maternal age at child’s birth® 0.34 1.17 2.49
Child’s birth order, cord blood immunoglobulin E 0.59 1.16 3.10
Vaccination status 0.003 0.01 0.02
Social class 1.03 1.32 1.75
Community type 0.50 1.02 2.10
Month of death” 0.77 1.44 2.33

#Minimum reported relative risk, geometric mean, and maximum reported relative risk were computed using numerical
values only; results reported graphically or in a range were not used.
PFor articles with many exposures, exposures were selected for which exposure-measurement error is plausible.

“Outcome variables were continuous.

dResults are range of values abstracted from graphs since these were the only estimates provided.

“Data obtained from birth certificates and then categorized.

"Data obtained from National Health Service Central Registry for 99.3% of men. For some analyses, death month was

categorized into death during winter versus summer.

The other 35 articles (61%, 95% CL: 49, 74) said
something about EME (Table 2). Eighteen of these
articles (32%, 95% CL: 20, 44) acknowledged EME
without discussing the influence EME could have had
on study results. Sixteen other articles (28%, 95% CL.:
16, 40) described qualitatively the effect EME could
have had on study results. One article (2%, 95% CL:
0, 9) used a sensitivity analysis to partially quantify
the impact of EME on study results.

Of the 35 articles that said something about EME,
seven suggested that EME was nondifferential, al-
though none provided any supporting evidence. Three
of these seven articles concluded that, if EME were
indeed nondifferential, then the bias in the study results
would have been toward the null. Eight out of the 35
articles that acknowledged EME also mentioned that
validation or reliability studies had been done either
concurrently with the present study or in the past.

Table 2. Classification of journal articles into exposure-measurement error categories from the American Journal of
Epidemiology, Epidemiology, and the International Journal of Epidemiology

Category Journal® Total

AJE EPI UE

N % N % N % N %
Acknowledge EME® 18 55 12 75 5 63 35 61
Ignore EME 15 45 4 25 3 38 22 39
Total 33 100 16 100 8 100 57 100

“AJE = American Journal of Epidemiology, EPI = Epidemiology, IJE = International Journal of Epidemiology.

"EME = exposure-measurement error.
Note: Percentages may not add to 100% due to rounding.



Only one article quantitatively evaluated the impact
of EME. Garcia Rodriguez and Hernandez-Diaz
viewed unreported over-the-counter drugs as an EME
because only data for recorded prescription drug use
was available [47]. The investigators described their
sensitivity analysis results in the discussion section.

Our survey results, of course, are not immune to
error caused by EME. We performed an uncertainty
analysis [65—67] that examined quantitatively the er-
ror in our results that may have been caused by errors
in classifying articles (Jurek et al., “Uncertainty
Analysis: An Example of its Application to Esti-
mating a Survey Proportion,” submitted for review).
Overall, the uncertainty analysis demonstrated that
our results do not change much with plausible
amounts of error in classifying articles.

Discussion

In three general epidemiology journals, during 2001,
EME was often mentioned but rarely accounted for
when interpreting epidemiologic study results. Of the
57 articles we examined in our random survey, one-
third made no mention of EME. One-third men-
tioned the possibility of EME but said nothing about
its possible impact on study results. Slightly less than
one-third described qualitatively the effect of EME
on study results. Only one article out of 57 [47]
quantitatively evaluated the impact of EME on study
results.

Of the 16 articles that used qualitative evaluation,
five did so in a thorough manner [15, 20, 34, 50, 63]:
they described scenarios in which bias due to EME
could have occurred. For example, one study [63]
speculated that the effect of cigarette smoking could
have been underestimated because pregnant women
may have underreported the amount they smoked.
This approach to bias evaluation is certainly worth-
while as a beginning to a quantitative evaluation. A
quantitative evaluation, however, has the advantage
of estimating the magnitude of the error.

Of the other 11 articles that used a qualitative
evaluation, three [21, 53, 62] believed that nondiffer-
ential exposure misclassification tends to attenuate
the estimate—a “rule” that has been common in
epidemiologic texts. Three others [39, 56, 59] proba-
bly had the same rule in mind, but did not explicitly
mention that EME was nondifferential in their study.
There are several problems with this rule [68-81].
Five other articles qualitatively evaluated the impact
of EME: for example, one [51] said to interpret the
study results cautiously, and another [27] dismissed
the possibility that EME affected the results.

Finally, the rest of the articles made no mention of
EME. We caution against ignoring or dismissing
EME, because small percentage EMEs which many
authors would dismiss as quite small can have sur-
prisingly large effects on study results. For instance,
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Maldonado and Greenland [1] show that an exposure
measured with perfect sensitivity in cases and non-
cases and nearly perfect specificity (1.000 in noncases,
0.986 in cases) can make a true odds ratio of 1.03
look like an odds ratio of 1.60.

Conclusions

The fact that EME is frequently ignored when
interpreting epidemiologic study results is somewhat
surprising. There are alternatives to ignoring or dis-
missing the effect of EME on study results, or of
employing a qualitative evaluation that yields neither
an estimate of the magnitude of error nor can be
relied on to give the correct direction of the error.
These include sensitivity analysis, uncertainty analy-
sis, and Bayesian analysis [2, 65-67, 82-86]. There are
many situations in which the use of these methods
can improve the informativeness and accuracy of a
presentation. We hope that their use will increase as
they become a part of the core training of epidemi-
ologists, and as software tools are introduced into
analysis packages [85].

Competing interests

The author(s) declare that they have no competing
interests.

Funding

This research has been supported by a grant from the
U.S. Environmental Protection Agency’s Science to
Achieve Results (STAR) program.

Disclaimer: Although the research described in the
article has been funded in part by the U.S. Environ-
mental Protection Agency’s STAR program through
grant (U-91615801-0), it has not been subject to any
EPA review and therefore does not necessarily reflect
the views of the Agency, and no official endorsement
should be inferred.

References

1. Maldonado G, Greenland S. A method to examine
whether error due to misclassification of a binary
exposure can explain an association [abstract]. Am J
Epidemiol 2000; 151: S40.

2. Rothman KJ, Greenland S. Modern epidemiology. 2nd
ed. Philadelphia, PA: Lippincott-Raven, 1998.

3. Hennekens CH, Buring JE. Epidemiology in medicine.
Boston, MA: Little, Brown and Company, 1987.

4. Kelsey JL, Whittemore AS, Evans AS, et al. Methods
in observational epidemiology. 2nd ed. New York:
Oxford University Press, 1996.



874

S.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

Kleinbaum DG, Kupper LL, Morgenstern H. Epi-
demiologic research: Principles and quantitative meth-
ods. New York: John Wiley & Sons, 1982.

. Savitz DA. Interpreting epidemiologic evidence: Strat-

egies for study design and analysis. New York: Oxford
University Press, 2003.

. Checkoway H, Pearce N, Crawford-Brown DJ. Re-

search methods in occupational epidemiology. New
York: Oxford University Press, 1989.

. Braga ALF, Zanobetti A, Schwartz J. The time course

of weather-related deaths. Epidemiology 2001; 12(6):
662-667.

. Lauderdale DS, Salant T, Han KL, et al. Life-course

predictors of ultrasonic heel measurement in a cross-
sectional study of immigrant women from Southeast
Asia. Am J Epidemiol 2001; 153(6): 581-586.

Reid S, Hotopf M, Hull L, et al. Multiple chemical
sensitivity and chronic fatigue syndrome in British Gulf
War veterans. Am J Epidemiol 2001; 153(6): 604-609.
Nagata C, Takatsuka N, Kawakami N, et al. Soy
product intake and hot flashes in Japanese women:
Results from a community-based prospective study.
Am J Epidemiol 2001; 153(8): 790-793.

Feldman DE, Shrier I, Rossignol M, et al. Risk factors
for the development of low back pain in adolescence.
Am J Epidemiol 2001; 154(1): 30-36.

Sargeant LA, Khaw KT, Bingham S, et al. Cigarette
smoking and glycaemia: The EPIC-Norfolk study. Int J
Epidemiol 2001; 30(3): 547-554.

Tabak C, Smit HA, Risdnen L, et al. Alcohol con-
sumption in relation to 20—year COPD mortality and
pulmonary function in middle-aged men from three
European countries. Epidemiology 2001; 12(2): 239—
245.

Kao WHL, Puddey IB, Boland LL, et al. Alcohol
consumption and the risk of type 2 diabetes mellitus:
Atherosclerosis risk in communities study. Am J Epi-
demiol 2001; 154(8): 748-757.

Mazumder DNG, Haque R, Ghosh N, et al. Arsenic in
drinking water and the prevalence of respiratory effects
in West Bengal, India. Int J Epidemiol 2000; 29(6):
1047-1052.

. Kritz-Silverstein D, Barrett-Connor E, Corbeau C.

Cross-sectional and prospective study of exercise and
depressed mood in the elderly: The Rancho Bernardo
study. Am J Epidemiol 2001; 153(6): 596-603.

Purdie DM, Siskind V, Bain CJ, et al. Reproduction-
related risk factors for mucinous and nonmucinous
epithelial ovarian cancer. Am J Epidemiol 2001; 153(9):
860-864.

Gold EB, Bromberger J, Crawford S, et al. Factors
associated with age at natural menopause in a multi-
ethnic sample of midlife women. Am J Epidemiol 2001;
153(9): 865-874.

Stang A, Anastassiou G, Ahrens W, et al. The possible
role of radiofrequency radiation in the development of
uveal melanoma. Epidemiology 2001; 12(1): 7-12.
Zhong L, Goldberg MS, Gao YT, et al. A population-
based case-control study of lung cancer and green tea
consumption among women living in Shanghai, China.
Epidemiology 2001; 12(6): 695-700.

Pietildinen KH, Kaprio J, Rédsidnen M, et al. Tracking
of body size from birth to late adolescence: Contribu-
tions of birth length, birth weight, duration of gesta-

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

tion, parents’ body size, and twinship. Am J Epidemiol
2001; 154(1): 21-29.

Wen W, Shu XO, Jacobs DR Jr., et al. The associations
of maternal caffeine consumption and nausea with
spontaneous abortion. Epidemiology 2001; 12(1):
38-42.

Hirvonen T, Pietinen P, Virtanen M, et al. Intake of
flavonols and flavones and risk of coronary heart dis-
ease in male smokers. Epidemiology 2001; 12(1): 62-67.
Ananth CV, Smulian JC, Demissie K, et al. Placental
abruption among singleton and twin births in the
United States: Risk factor profiles. Am J Epidemiol
2001; 153(8): 771-778.

Karmaus W, Arshad H, Mattes J. Does the sibling
effect have its origin in utero? Investigating birth order,
cord blood immunoglobulin E concentration, and
allergic sensitization at age 4 years. Am J Epidemiol
2001; 154(10): 909-915.

Tornwall ME, Virtamo J, Haukka JK, et al. Life-style
factors and risk for abdominal aortic aneurysm in a
cohort of Finnish male smokers. Epidemiology 2001;
12(1): 94-100.

Cabrera C, Helgesson O, Wedel H, et al. Socioeco-
nomic status and mortality in Swedish women:
Opposing trends for cardiovascular disease and cancer.
Epidemiology 2001; 12(5): 532-536.

Spiers PS, Guntheroth WG. The black infant’s sus-
ceptibility to sudden infant death syndrome and respi-
ratory infection in late infancy. Epidemiology 2001;
12(1): 33-37.

Vine MF, Stein L, Weigle K, et al. Plasma 1,1-Di-
chloro-2,2-bis(p-chlorophenyl)ethylene (DDE) levels
and immune response. Am J Epidemiol 2001; 153(1):
53-63.

Frisbie WP, Cho Y, Hummer RA. Immigration and the
health of Asian and Pacific Islander adults in the
United States. Am J Epidemiol 2001; 153(4): 372-380.
Thomas DB, Ray RM, Koetsawang A, et al. Human
papillomaviruses and cervical cancer in Bangkok. I.
Risk factors for invasive cervical carcinomas with
human papillomavirus types 16 and 18 DNA. Am
J Epidemiol 2001; 153(8): 723-731.

Garcia Rodriguez LA, Huerta-Alvarez C. Reduced risk
of colorectal cancer among long-term users of aspirin
and nonaspirin nonsteroidal antiinflammatory drugs.
Epidemiology 2001; 12(1): 88-93.

Garabrant DH, Roth HD, Parsad R, et al. Latex sen-
sitization in health care workers and in the US general
population. Am J Epidemiol 2001; 153(6): 515-522.
Pless-Mulloli T, Howel D, Prince H. Prevalence of
asthma and other respiratory symptoms in children
living near and away from opencast coal mining sites.
Int J Epidemiol 2001; 30(3): 556—563.

Law CM, Egger P, Dada O, et al. Body size at birth
and blood pressure among children in developing
countries. Int J Epidemiol 2000; 29(1): 52-57.
Wohlfahrt J, Melbye M. Age at any birth is associated
with breast cancer risk. Epidemiology 2001; 12(1): 68—73.
Hart CL, Hole DJ, Gillis CR, et al. Social class
differences in lung cancer mortality: Risk factor
explanations using two Scottish cohort studies. Int
J Epidemiol 2001; 30(2): 268-274.

Bell EM, Hertz-Picciotto I, Beaumont JJ. Case-cohort
analysis of agricultural pesticide applications near



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

maternal residence and selected causes of fetal death.
Am J Epidemiol 2001; 154(8): 702-710.

Rehm J, Greenfield TK, Rogers JD. Average volume of
alcohol consumption, patterns of drinking, and all-
cause mortality: Results from the US National Alcohol
Survey. Am J Epidemiol 2001; 153(1): 64-71.

Rybicki BA, Kirkey KL, Major M, et al. Familial risk
ratio of sarcoidosis in African-American sibs and par-
ents. Am J Epidemiol 2001; 153(2): 188-193.

Barros FC, Victora CG, Horta BL. Ethnicity and in-
fant health in Southern Brazil. A birth cohort study. Int
J Epidemiol 2001; 30(5): 1001-1008.

Ness RB, Grisso JA, Vergona R, et al. Oral contra-
ceptives, other methods of contraception, and risk
reduction for ovarian cancer. Epidemiology 2001;
12(3): 307-312.

Balluz L, Philen R, Ortega L, et al. Investigation of
systemic lupus erythematosus in Nogales, Arizona. Am
J Epidemiol 2001; 154(11): 1029-1036.

Hutchins SS, Dezayas A, Le Blond K, et al. Evaluation
of an early two-dose measles vaccination schedule. Am
J Epidemiol 2001; 154(11): 1064-1071.

Schapiro IR, Ross-Petersen L, Saelan H, et al. Extro-
version and neuroticism and the associated risk of
cancer: A Danish cohort study. Am J Epidemiol 2001;
153(8): 757-763.

Garcia Rodriguez LA, Hernandez-Diaz S. Relative risk
of upper gastrointestinal complications among users of
acetaminophen and nonsteroidal anti-inflammatory
drugs. Epidemiology 2001; 12(5): 570-576.

Iso H, Naito Y, Sato S, et al. Serum triglycerides and
risk of coronary heart disease among Japanese men and
women. Am J Epidemiol 2001; 153(5): 490—499.
Sanchez SE, Zhang C, Malinow MR, et al. Plasma
folate, vitamin Bj,, and homocyst(e)ine concentrations
in preeclamptic and normotensive Peruvian women.
Am J Epidemiol 2001; 153(5): 474—480.
Redondo-Calderon JL, de Dios Luna-del-Castillo J,
Jiménez-Moleon JJ, et al. Application of the induced
exposure method to compare risks of traffic crashes
among different types of drivers under different envi-
ronmental conditions. Am J Epidemiol 2001; 153(9):
882-891.

Cheng Y, Schwartz J, Sparrow D, et al. Bone lead and
blood lead levels in relation to baseline blood pressure
and the prospective development of hypertension: The
Normative Aging Study. Am J Epidemiol 2001; 153(2):
164-171.

Hajat S, Haines A, Atkinson RW, et al. Association
between air pollution and daily consultations with gen-
eral practitioners for allergic rhinitis in London, United
Kingdom. Am J Epidemiol 2001; 153(7): 704-714.
Friedenreich CM, Courneya KS, Bryant HE. Influence
of physical activity in different age and life periods on
the risk of breast cancer. Epidemiology 2001; 12(6):
604-612.

Hebert LE, Scherr PA, McCann JJ, et al. Is the risk of
developing Alzheimer’s disease greater for women than
for men?. Am J Epidemiol 2001; 153(2): 132-136.
Gueorguieva RV, Carter RL, Ariet M, et al. Effect of
teenage pregnancy on educational disabilities in kin-
dergarten. Am J Epidemiol 2001; 154(3): 212-220.
Mares-Perlman JA, Fisher Al, Klein R, et al. Lutein
and zeaxanthin in the diet and serum and their relation

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

875

to age-related maculopathy in the Third National
Health and Nutrition Examination Survey. Am J
Epidemiol 2001; 153(5): 424-432.

Brooks JT, Rowe SY, Shillam P, et al. Salmonella
typhimurium infections transmitted by chlorine-pre-
treated clover sprout seeds. Am J Epidemiol 2001;
154(11): 1020-1028.

van Rossum CTM, Shipley MJ, Hemingway H, et al.
Seasonal variation in cause-specific mortality: Are there
high-risk groups? 25-year follow-up of civil servants
from the first Whitehall study. Int J Epidemiol 2001;
30(5): 1109-1116.

Pesch B, Haerting J, Ranft U, et al. Occupational risk
factors for renal cell carcinoma: Agent-specific results
from a case-control study in Germany. Int J Epidemiol
2000; 29(6): 1014-1024.

Ananth CV, Wilcox AJ. Placental abruption and peri-
natal mortality in the United States. Am J Epidemiol
2001; 153(4): 332-337.

Ford ES. Vitamin supplement use and diabetes mellitus
incidence among adults in the United States. Am J
Epidemiol 2001; 153(9): 892-897.

Gustavsson P, Plato N, Hallqvist J, et al. A population-
based case-referent study of myocardial infarction and
occupational exposure to motor exhaust, other com-
bustion products, organic solvents, lead, and dynamite.
Epidemiology 2001; 12(2): 222-228.

Wisborg K, Kesmodel U, Henriksen TB, et al. Expo-
sure to tobacco smoke in utero and the risk of stillbirth
and death in the first year of life. Am J Epidemiol 2001;
154(4): 322-337.

Leander K, Hallqvist J, Reuterwall C, et al. Family
history of coronary heart disease, a strong risk factor
for myocardial infarction interacting with other car-
diovascular risk factors: Results from the Stockholm
Heart Epidemiology Program (SHEEP). Epidemiology
2001; 12(2): 215-221.

Morgan MG, Henrion M. Uncertainty: A guide to
dealing with uncertainty in quantitative risk and policy
analysis. New York: Cambridge University Press, 1990.
Eddy DM, Hasselblad V, Shachter R. Meta-analysis by
the confidence profile method. Boston: Academic Press,
Inc, 1992.

Vose D. Risk analysis: A quantitative guide. 2nd ed.
New York: John Wiley & Sons, LTD, 2000.
Weinberg CR, Umbach DM, Greenland S. When will
nondifferential misclassification of an exposure pre-
serve the direction of a trend?. Am J Epidemiol 1994;
140(6): 565-567.

Thomas DC. Re: “When will nondifferential misclas-
sification of an exposure preserve the direction of a
trend?”’. Am J Epidemiol 1995; 142(7): 782-783.
Weinberg CR, Umbach DM, Greenland Weinberg S,
et al. Reply (letter). Am J Epidemiol 1995; 142(7):
784.

Sorahan T, Gilthorpe MS. Non-differential misclassi-
fication of exposure always leads to an underestimate
of risk: An incorrect conclusion. Occup Environ Med
1994; 51: 839-840.

Wacholder S, Hartge P, Lubin JH, et al. Non-differ-
ential misclassification and bias towards the null: A
clarification. Occup Environ Med 1995; 52: 557-558.
Sorahan T, Gilthorpe MS. Sorhan & Gilthorpe reply
(letter). Occup Environ Med. 1995; 52:558.



876

74.

75.

76.

71.

78.

79.

80.

Dosemeci M, Wacholder S, Lubin JH. Does nondif-
ferential misclassification of exposure always bias a true
effect toward the null value? Am J Epidemiol 1990;
132(4): 746-748.

Wacholder S, Dosemeci M, Lubin JH. Blind assign-
ment of exposure does not always prevent differential
misclassification. Am J Epidemiol 1991; 134(4): 433-
437.

Flegal KM, Keyl PM, Nieto FJ. Differential misclas-
sification arising from nondifferential errors in expo-
sure measurement. Am J Epidemiol 1991; 134(10):
1233-1244.

Maldonado G, Greenland S, Phillips C. Approximately
nondifferential exposure misclassification does not en-
sure bias toward the null [abstract]. Am J Epidemiol
2000; 151: S39.

Jurek AM, Greenland S, Maldonado G, et al. Proper
interpretation of misclassification effects: Expectations
versus observations. Int J Epidemiol 2005; 34(3): 680—
687.

Kristensen P. Bias from nondifferential but dependent
misclassification of exposure and outcome. Epidemi-
ology 1992; 3: 210-215.

Chavance M, Dellatolas G, Lellouch J. Correlated
nondifferential misclassifications of disease and expo-
sure: Application to a cross-sectional study of the

81.

82.

83.

84.

85.

86.

relation between handedness and immune disorders.
Int J Epidemiol 1992; 21(3): 537-546.

Lash TL, Fink AK. Re: “Neighborhood environment
and loss of physical function in older adults: Evidence
from the Alameda County study”. Am J Epidemiol
2003; 157(5): 472-473.

Lash TL, Fink AK. Semi-automated sensitivity analy-
sis to assess systematic errors in observational epi-
demiologic data. Epidemiology 2003; 14: 451-458.
Phillips CV. Quantifying and reporting uncertainty
from systematic errors. Epidemiology 2003; 14: 459—
466.

Greenland S. The impact of prior distributions for
uncontrolled confounding and response bias. J] Am Stat
Assoc 2003; 98: 47-54.

Greenland S. Multiple-bias modeling for observational
studies (with discussion). J Roy Stat Soc A 2005; 168:
267-308.

Fox MP, Lash TL, Greenland S. A method to auto-
mate probabilistic sensitivity analyses of misclassified
binary variables. Int J Epidemiol 2005; 34: 1370-1376.

Address for correspondence: Anne M. Jurek, Department of
Pediatrics, University of Minnesota, Mayo Mail Code 715, 420
Delaware St. SE, Minneapolis, MN, 55455, USA

Phone: +1-612/624-1639; Fax: +1-612/624-7147

E-mail: jurek@epi.umn.edu




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


