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S H O R T  CO M M U N I C AT I O N

     I
n many epidemiological studies, researchers must rely on 

self-reported exposures when actual exposure measure-

ments are unavailable. If exposures are not accurately 

reported by study participants, nondiff erential measurement 

error (when error occurs independently of other variables) or 

diff erential measurement error (when error is related to another 

variable, such as the outcome) might occur, leading to biased 

study results.  5   Bias analysis can be used to adjust study results 

for measurement error (error on a continuous variable) or mis-

classifi cation (error on a categorical variable), although vali-

dation data must be available to inform the choice of the 

parameters needed to perform the adjustment, which is seldom 

the case.  4   

 When studying health outcomes among fl ight crew, number 

of block hours worked (taxi time plus fl ight time) can be used as 

one measurement of the fl ight crew ’ s work hours. Previously, it 

has been shown that fl ight attendants over-report the number 

of block hours they work compared to the hours recorded by 

their airline.  1   Th e ways in which this error in reporting of block 

hours might aff ect the results of an epidemiological study 

among fl ight attendants have not yet been explored in detail. 

 Th is analysis provides an illustrative example of how mea-

surement error can aff ect interpretation of results from an epi-

demiological study. Th e example comes from a study of block 

hours and preterm birth. However, this analysis is meant to 

illustrate the eff ects of measurement error on study results and 

not intended to determine the relationship, if any, between 

fl ight attendant exposures and preterm birth.  
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             Bias from Diff erential Exposure Measurement Error 

in a Study of Flight Attendants  
    Candice Y.     Johnson    ;     Barbara     Grajewski           

    BACKGROUND:   Self-reported occupational exposures are often used in epidemiological studies when actual exposure measurements 

are unavailable, which could cause measurement error and bias study results. This study provides a numeric example of 

this potential bias. 

   METHODS:   A study of block hours and preterm birth was used as an illustrative example. This study included 577 fl ight attendants, 

ages 18-45 yr, who gave birth to a term (37 or greater gestational weeks) or preterm (20-36 gestational weeks) infant 

between 1992 and 1996. Flight attendants self-reported the number of block hours fl own during the fi rst trimester of 

pregnancy; the number of block hours fl own during the fi rst trimester of pregnancy was also calculated from airline 

records. No adjustment for confounding was performed for this illustrative example. 

   RESULTS:   Although fl ight attendants having term and preterm births self-reported similar hours worked during the fi rst trimester 

(median 213 vs. 215 block hours), airline records showed that fl ight attendants having term births worked more hours 

than those having preterm births (median 146 vs. 104 block hours). Using self-reported block hours, there was no 

association between block hours and preterm birth; when using airline records, an inverse association was observed. 

   DISCUSSION:   In this example, diff erential measurement error from use of self-reported block hours obscured an inverse association 

apparent when using airline records, demonstrating the importance of accurate exposure assessment for identifying 

occupational risk factors for health outcomes.   
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 METHODS 

 Data were used from a study of reproductive health among 

female fl ight attendants.  2   Th e study protocol was approved in 

advance by the Institutional Review Board of the National Insti-

tute for Occupational Safety and Health. Each participant pro-

vided informed consent before participating. Married fl ight 

attendants ages 18-45 were selected from three airlines with 

hubs in Detroit, Miami, and Seattle. Flight attendants work-

ing for at least 1 mo during the study period, August 1992 to 

July 1996, were eligible if they had not had a hysterectomy 

before the start of the study period. Individual fl ight records 

were obtained from the three airlines for all fl ights worked 

by the flight attendants during the study period. Between 

November 1999 and April 2001, fl ight attendants were con-

tacted to complete a computer-assisted telephone interview, 

which included questions on demographics, occupational expo-

sures, and health outcomes. 

 Preterm birth was one of the outcomes of interest. In the 

interview, the fl ight attendant reported the gestational length 

of each of her pregnancies. Preterm birth was defi ned as a live 

born infant delivered at 20 to 36 gestational weeks, as counted 

from the last menstrual period. Term birth was defi ned as a live 

born infant delivered at 37 or more gestational weeks. Eligible 

pregnancies were those in which the fi rst trimester occurred at 

some point during the study period. If a fl ight attendant had 

more than one live birth during the study period, one of these 

births was randomly selected for inclusion. Flight attendants 

who had a pregnancy lasting less than 20 wk, who had a still-

birth, or who were not pregnant during the study period were 

excluded from the analysis. 

 Block hours worked during the fi rst trimester of pregnancy 

was the exposure of interest. First trimester exposure was cho-

sen to avoid bias that results from using second or third trimes-

ter exposures in studies of preterm birth: if a woman ’ s pregnancy 

ends earlier (preterm) she will have less opportunity for expo-

sure than if her pregnancy had continued to term (e.g., if the 

pregnancy ended before the third trimester, the block hours 

worked in the third trimester would be zero). Th e purpose of 

this study was to compare results of the study when using esti-

mates of block hours worked in the fi rst trimester of pregnancy 

obtained from airline records (assumed to be accurate) to esti-

mates obtained by self-report (assumed to be subject to measure-

ment error). From airline records, the number of block hours 

fl own during the fi rst trimester of pregnancy (from date of last 

menstrual period through gestational week 12) was calculated 

directly from the fl ight records for each fl ight attendant, which 

included the number of block hours for each of her fl ights. For 

the self-reported estimate of block hours worked in the fi rst tri-

mester, because the original study was not designed for this 

purpose, the interview did not include a question on fi rst tri-

mester block hours. Instead, this was estimated from the ques-

tion:  “ During this pregnancy, how many block hours did you 

usually fl y per month as a requirement of your job? ”  Th e answer 

to this question was multiplied by 3 to obtain an estimate for the 

block hours worked during the fi rst trimester of pregnancy. 

 Based on prior results from this cohort which suggest that 

fl ight attendants who do not fl y at all during pregnancy diff er in 

pregnancy outcome from fl ight attendants who fl y during preg-

nancy, 21 fl ight attendants who had no fi rst trimester block 

hours recorded by the airlines were excluded.  2   T-tests were used 

to compare mean block hours of fl ight attendants having pre-

term to those having term births, paired  t -tests were used to com-

pare measured to self-reported block hours, and log-binomial 

regression was used to estimate risk ratios (RR) and 95% confi -

dence intervals (CI) for associations between block hours (as a 

continuous variable and dichotomized at the median) and pre-

term birth using SAS version 9.3 (SAS Institute, Cary, NC). Use 

of tertiles or quartiles for categorization of block hours was not 

possible because the small number of preterm births in the 

study population made these estimates unstable.   

 RESULTS 

 Of the 557 live births included in this study, 27 (5%) were pre-

term. Flight attendants self-reported a greater number of 

hours worked during the fi rst trimester of pregnancy compared 

to their airline records [mean 213 self-reported block hours 

(SD  5  72), 144 recorded block hours (SD  5  65),  t (556)  5  

 2 20.5,  P   ,  0.0001]. Flight attendants having preterm and 

term births self-reported a similar number of hours worked 

during the first trimester [mean 215 h for preterm births 

(SD  5  66), 213 h for term births (SD  5  72),  t (555)  5   2 0.15, 

 P   5  0.88,     Fig. 1  ]. However, according to airline records, fl ight 

attendants who eventually had a preterm birth worked fewer 

hours in the fi rst trimester than fl ight attendants who had a 

term birth [mean 104 h for preterm births (SD  5  70), 146 h 

for term births (SD  5  64),  t (555)  5  3.36,  P   5  0.0008].     

 Diff erential measurement error was observed when using 

both the continuous and dichotomized versions of the variable. 

For the continuous variable, the distribution of the magnitude 

of error (diff erence between measured and self-reported block 

hours) had a mean of  2 66.5 h for term births and  2 111.4 h for 

preterm births. For the dichotomized variable, sensitivity and 

specifi city were 0.56 and 0.62 for term births and 0.47 and 0.63 

for preterm births. For both variables, measurement error was 

greater for fl ight attendants who had preterm births than for 

those who had term births. 

 When using self-reported block hours, there was no associa-

tion between block hours and preterm birth when using block 

hours dichotomized at the median (RR 1.09, 95% CI: 0.52 – 2.29). 

When using block hours estimated from airline records, an 

inverse association was found between dichotomized block 

hours and preterm (RR 0.42, 95% CI 0.19 – 0.94). Based on this 

information, it appears that misclassifi cation biased the results 

toward the null. Th e continuous block hour variable was also 

used in the analysis; however, the measurement error was less 

clearly observed because the magnitude of the association was 

small when estimating relative risk per block hour of fl ight; the 

 P -values more clearly demonstrated the diff erence (self-report: 

RR 1.00, 95% CI: 1.00 – 1.01,  P   5  0.88; continuous: RR 0.99, 
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95% CI: 0.99 – 1.00,  P   5  0.001). Th ese associations are in the 

same directions as for the dichotomized variable and also sug-

gest bias toward the null.   

 DISCUSSION 

 In this study population, there was evidence of diff erential mea-

surement error for self-reported block hours according to pre-

term birth status, with fl ight attendants having a preterm birth 

over-reporting their block hours to a greater extent than fl ight 

attendants having a term birth. Th is error resulted in bias toward 

the null in the analysis using both continuous and dichotomous 

exposure variables, with a null association observed when using 

the self-reported estimate and an inverse association observed 

when using block hours from airline records. A null association 

between block hours and preterm birth might not have been 

questioned if more accurate exposure data were unavailable 

and the potential signifi cance of an inverse association would 

have been missed. One might hypothesize that the inverse 

association occurs because women who have had a prior pre-

term birth (and who are at higher risk of future preterm birth) 

alter their work schedules in subsequent pregnancies to avoid 

another adverse pregnancy outcome. 

 Th e over-estimation of self-reported block hours observed 

in this study is similar to a previous study which found that 

fl ight attendants tend to over-report both their block hours and 

fl ight segments when compared to airline records.  1   Because 

block hours and fl ight segments can be used to estimate other 

  
 Fig. 1.        Box plots showing number of block hours worked during the fi rst trimester from airline records and self-

reported in the questionnaire among fl ight attendants having preterm (dark gray) and term (light gray) births. Bottom 

and top edges of the boxes indicate the 25 th  and 75 th  percentiles of the distribution, the horizontal line in the box 

represents the mean, and the whisker edges represent minimum and maximum values.    

exposure metrics, such as cosmic 

ionizing radiation dose or time 

zones crossed, use of self-reported 

data might result in inaccurate 

estimation of these metrics as 

well.  1   If exposure misclassifi ca-

tion or measurement error is sus-

pected, bias analysis can be used 

to adjust study results for this 

error.  4   However, conducting a 

bias analysis requires making 

assumptions such as whether the 

error was nondiff erential or dif-

ferential. If incorrect assump-

tions are made, bias analyses 

might produce results that do 

not refl ect what the association 

would have been in the absence 

of exposure measurement error 

or misclassification.  3   Prior to 

this analysis, there was no evi-

dence in the literature showing 

that the error on self-reported 

block hours would be diff erential 

by preterm status. Had a bias 

analysis been conducted, nondif-

ferential error might have incor-

rectly been assumed and the bias analysis might not have 

correctly determined the magnitude and direction of the asso-

ciation in the absence of exposure measurement error or 

misclassifi cation. 

 Although an epidemiological study of block hours and pre-

term birth was conducted to illustrate the potential for bias 

from exposure measurement error, the purpose of this analysis 

was not to estimate the eff ect of block hours on preterm birth. 

For simplicity, there was no adjustment for potential confound-

ers, nor were potential interactions or mediators of the associa-

tion explored. Th e results should, therefore, not be interpreted 

as estimates of unbiased associations between block hours and 

preterm birth. 

 Use of this population for this illustrative example had sev-

eral limitations. First, in the interview, women were not directly 

asked about block hours worked during the fi rst trimester, and 

the question on average number of hours worked per month 

during the pregnancy does not allow a precise determination of 

how reducing work hours or stopping work during the preg-

nancy would have fi gured into women ’ s estimation of hours 

worked per month. Th e most likely result would be an underes-

timation of the number of self-reported block hours worked 

in the fi rst trimester; however, self-reported block hours was 

markedly higher than block hours recorded in airline records. 

As a result, it might be expected that bias would be even greater 

had a more precise measure of self-reported block hours been 

used. Second, the low prevalence of preterm birth in this popu-

lation compared to the general population (5% versus 11%)  6   

resulted in low power and unstable estimates. It is diffi  cult to 
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separate the eff ects of bias from random error unless sample 

size is suffi  ciently large to realistically exclude random error as 

a possibility. Despite the small sample size of this study, diff er-

ences between the term and preterm groups were large enough 

to produce small  P -values, providing encouraging evidence 

that the diff erences seen are attributable to bias and not random 

error, and that similar results might be seen in a study with 

larger sample size. Small sample size also prevented exploration 

of further ways to categorize the continuous variable, such as 

using tertiles or quartiles. 

 Th is study illustrates how measurement error can distort 

the results of an epidemiological study and demonstrates the 

importance of accurate exposure assessment. Th e inverse asso-

ciation between block hours and preterm birth in this study 

population would not have been observed had the self-reported 

exposures been relied upon. Measurement error can alter the 

magnitude and direction of eff ect estimates from epidemio-

logical studies, implying that policy decisions can be made 

based on studies whose results would have been diff erent in 

the absence of measurement error. Studies like this one, in 

which airline records were used, are more resource-intensive, 

but improve the ability to accurately identify occupational risk 

factors for health outcomes.     
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