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Abstract: Aircraft noise can disturb the sleep of residents living near airports. To investigate potential 
effects of aircraft noise on sleep, recruitment surveys for a pilot feld study were mailed to households 
around Atlanta International Airport. Survey items included questions about sleep quality, sleep 
disturbance by noise, noise annoyance, coping behaviors, and health. Of 3159 deliverable surveys, 
319 were returned (10.1%). Calculated outdoor nighttime aircraft noise (Lnight) was signifcantly 
associated with lower sleep quality (poor or fair; odds ratio (OR) = 1.04/decibel (dB); p < 0.05), trouble 
falling asleep within 30 min ≥1/week (OR = 1.06/dB; p < 0.01), and trouble sleeping due to awakenings 
≥1/week (OR = 1.04/dB; p < 0.05). Lnight was also associated with increased prevalence of being 
highly sleep disturbed (OR = 1.15/dB; p < 0.0001) and highly annoyed (OR = 1.17/dB; p < 0.0001) by 
aircraft noise. Furthermore Lnight was associated with several coping behaviors. Residents were more 
likely to report often or always closing their windows (OR = 1.05/dB; p < 0.01), consuming alcohol 
(OR = 1.10/dB; p < 0.05), using television (OR = 1.05/dB; p < 0.05) and using music (OR = 1.07/dB; 
p < 0.05) as sleep aids. There was no signifcant relationship between Lnight and self-reported general 
health or likelihood of self-reported diagnosis of sleep disorders, heart disease, hypertension or 
diabetes. Evidence of self-reported adverse effects of aircraft noise on sleep found in this pilot study 
warrant further investigation in larger, more representative subject cohorts. 

Keywords: sleep disturbance; pilot feld study; aircraft noise; annoyance; postal questionnaire 

1. Introduction 

Postal surveys are a useful tool for investigating attitudes towards environmental noise in 
communities exposed to aircraft noise [1]. Aircraft noise is often a signifcant source of annoyance to 
residents living near airports [1,2]. There has been an indication that the level of annoyance to aircraft 
noise, which is often paralleled with self-reported sleep disturbance, has been increasing in recent 
years [3,4]. If attitudes towards aircraft noise amongst affected communities are changing, this may 
imply a similar shift in sleep disturbance from aircraft noise. 

Sleep disturbance is a common concern for residents living near airports. As sleep is a vital process 
that serves many critical biological functions [5–7], disruptions to sleep can have negative behavioral 
and physiological consequences [8]. When sleep is restricted on a chronic basis, it has been associated 
with many negative long-term health outcomes, such as increased risk of obesity, heart disease, and 
diabetes [7]. It is thought that sleep disturbance caused by environmental noise may have similar 
long-term health implications [9,10]. Because of this, sleep disturbance is regarded as one of the most 
important non-auditory effects of aircraft noise [11]. However, current literature on how aircraft noise 
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affects sleep for residents near United States (US) airports is lacking. The most recent feld studies in the 
US on aircraft noise-induced sleep disturbance date back to the mid-1990s [12,13]. Over the past several 
decades, air traffic patterns have changed substantially, with noise levels from single aircraft decreasing 
but overall traffic volume increasing [2]. The exposure–response relationships for sleep based on 
previous aircraft noise data may no longer accurately represent current trends in aircraft noise-induced 
sleep disturbance. Though there have been signifcant recent feld and survey studies in Europe and 
Asia [14] examining the effects of aircraft noise on sleep, the research methodologies and noise metrics 
used are often different than those of US feld studies, and exposure–response relationships may be 
infuenced by regional differences in sensitivity and attitudinal biases towards noise [15]. More current 
survey and feld studies conducted at multiple airports with different nighttime operation patterns are 
needed to better understand the effects of aircraft noise on the sleep of residents living near US airports. 
A nationally representative US feld study can provide an update to current noise-exposure response 
curves and provide information about residents’ attitudes and perceptions of sleep disturbance by 
aircraft noise. In preparation for this national sleep study (NSS), we performed a pilot study to 
assess the feasibility of the study methodology, in which we recruited participants for the feld study 
using postal questionnaires to screen for eligible and interested individuals. As only a small subset 
of respondents will be both interested in and eligible for the feld study, we were also interested in 
whether we could successfully use these recruitment questionnaires to obtain cross-sectional data on 
associations between aircraft noise and community response. An evaluation of resident responses 
to the postal recruitment survey against calculated nocturnal aircraft noise levels forms the basis of 
this paper. 

2. Methods 

This pilot study was performed around Hartsfeld–Jackson Atlanta International Airport (ATL). 
To recruit participants living in the vicinity of the airport, we sent a series of postal surveys. While 
the primary purpose of the postal survey was to recruit participants into the feld study, the survey 
also gathered data on subjective measures of sleep quality, self-reported disturbance of sleep by noise, 
coping behaviors in response to nighttime noise, and the overall health of the surveyed population. 
The study was reviewed and approved by the University of Pennsylvania Institutional Review Board 
(IRB) (Protocol number 823726). Regarding responses to the postal survey, the IRB reviewed and 
approved a waiver of written documentation of consent as per US Department of Health and Human 
Services Title 45—Public Welfare of the Code of Federal Regulations part 46.117 (c) (2). 

2.1. Survey Methodology 

We mailed 3600 surveys to randomly selected households around ATL that had a minimum 
calculated average nighttime aircraft noise exposure of 35 decibels (dB) (see below for details on 
how this was calculated). We sent surveys to an equal number of households east and west of ATL 
(n = 1800), and to an equal number of households in fve regions that we stratifed by noise level 
in 5 dB increments (n = 720 per stratum) to ensure sampling from a wide range of noise exposures. 
Across 15 mailing waves of equal size (n = 240 households per wave), households were sampled 
from autumn to early summer. One of the overarching aims of this pilot study was to determine 
a postal survey strategy that would optimize response and recruitment rates for the NSS. As such, 
survey length, incentive and number of follow-ups were varied over the mailing waves, and analysis 
of the effectiveness of these different strategies is reported elsewhere [16]. Surveys could be completed 
online or returned via mail, and the instructions indicated that only a single household member 
should fll out the survey (the person who most recently celebrated a birthday). The complete survey 
is provided in the Supplemental Materials (Questionnaire S1), and relevant items for obtaining the 
required independent variables are discussed below. 
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2.2. Independent Variables: Nighttime Aircraft Noise Exposure 

A model of aircraft noise exposure around ATL was needed to analyze the associations between 
levels of noise exposure and self-reported sleep outcomes and annoyance. We modelled outdoor 
noise exposure as Lnight, which is expressed in decibels (dB) and defned as the A-weighted long-term 
average sound pressure level between 23:00–07:00. A-weighting is a method of frequency fltering a 
sound signal to approximate human perception, because human hearing is increasingly insensitive at 
very low and very high audio frequencies. 

Radar data from 2014–2015 were provided for the airport by the US Federal Aviation Administration 
(FAA). These radar data include fight trajectory, altitude, aircraft type and time information, which 
were used to as inputs in the FAA’s Integrated Noise Model (INM) to calculate noise levels for each 
individual aircraft over 84 nights. Noise data during the nighttime period were used to calculate 
outdoor nighttime noise level (Lnight) contours using the INM. We stratifed areas into fve noise 
exposure categories: 35 < 40 dB, 40 < 45 dB, 45 < 50 dB, 50 < 55 dB and ≥55 dB Lnight, which are shown 
in Figure 1. 
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Figure 1. Nighttime aircraft noise contours and census tract boundaries around Hartsfeld–Jackson 
Atlanta International Airport (ATL) airport, modeled using 84 nights of data from 2014–2015. Points 
indicate the population weighted centroid of each census tract, colored according to the noise contour 
in which it is located. 

In the regression modelling (see Statistical Analysis below), Lnight was coded as a continuous 
independent variable. Results for the association between aircraft noise exposures and the outcome 
being investigated are, therefore, in terms of odds ratio per 1 dB increase in Lnight. 

2.3. Dependent Variables: Annoyance and Sleep Disturbance by Noise 

Information on the self-reported annoyance and sleep disturbance by aircraft noise over the 
preceding 12 months were obtained from 5-level Likert scales worded according to recommendations 
of the International Commission on the Biological Effects of Noise (ICBEN) [17]. Annoyance and sleep 
disturbance were each recoded into dichotomous variables by assigning the three lowest response 
levels (“not at all” to “moderately”) a value of 0 and the two highest response levels (“very” or 
“extremely”) a value of 1. 

2.4. Dependent Variables: Sleep Quality 

The auditory system remains active during sleep, and noise can interfere with subjective sleep [18]. 
We obtained information on habitual sleep quality over the past month using 4-level Likert-type items 
from the Pittsburgh Sleep Quality Index [19]. Overall sleep quality was coded as a dichotomous 
variable by assigning the two highest response levels (“fairly good” and “very good”) a value of 0 
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and the two lowest response levels (“very bad” and “fairly bad”) a value of 1. Trouble falling asleep, 
nocturnal awakenings, sleep medication use, and daytime sleepiness were recoded as dichotomous 
variables by assigning the two lowest response levels (“not during the past month” and “less than 
once a week”) a value of 0 and the two highest response levels (“once or twice a week” and “three or 
more times a week”) a value of 1. 

2.5. Dependent Variables: Coping Behaviors 

If an individual feels that noise is interfering with their activity, including sleep, they may 
consequently adopt noise-mitigating behaviors. We therefore obtained use of sleep aids due to 
environmental noise when trying to sleep from the survey. Respondents estimated how often over 
the past month they “wear earplugs,” “use alcohol,” “use medication,” “turn on the TV,” “turn on 
music,” “close windows,” “use a sound machine,” or “turn on a fan” on a 5-level Likert-type scale. 
Each coping behavior was recoded into dichotomous variables by assigning the three lowest response 
levels (“never” to “sometimes”) a value of 0 and the two highest response levels (“often” or “always”) 
a value of 1. 

2.6. Dependent Variables: Health 

There is some evidence that chronic noise exposure is associated with adverse health outcomes [18]. 
Respondents rated their general health on a 5-level Likert-type scale. We recoded general health into a 
dichotomous variable by assigning the three highest ratings (“good”, “very good” and “excellent”) a 
value of 0 and the two lowest ratings (“poor” and “fair”) a value of 1. 

Respondents indicated (yes/no) any previous diagnosis of hypertension, migraines, arrhythmia, 
heart disease, stomach ulcer, or diabetes. Each of these conditions was coded as a dichotomous variable, 
where any positive indication of a diagnosis was scored as 1, and no indication of a diagnosis was 
scored as 0. 

Respondents indicated (yes/no) any previous diagnosis of sleep apnea, periodic limb movement 
syndrome, narcolepsy, insomnia, restless leg syndrome, or another sleep disorder. Sleep disorder was 
coded as a dichotomous variable, where any positive indication of a diagnosis of one or more sleep 
disorders was scored as 1, and no indication of a diagnosis was scored as 0. 

2.7. Individual-Level Covariates 

Noise sensitivity may infuence subjective responses to environmental aircraft noise [20]. Noise 
sensitivity items in the survey were taken from the Weinstein Noise Sensitivity Scale [21] and rated on 
a 6-point numerical scale with endpoints of 1 (“Strongly disagree”) and 6 (“Strongly agree”). We coded 
noise sensitivity as a dichotomous variable (noise-sensitive/not sensitive) according to responses to 
the single item “I am sensitive to noise.” We classifed a respondent as noise-sensitive if they gave a 
response of 5 or 6, and as not sensitive if they gave a response of 1 to 4. 

Individuals with hearing problems may perceive aircraft noise less well than individuals without 
hearing problems, and could therefore be less susceptible to potential noise effects. We collected 
dichotomous (yes/no) information on problems or difficulties with hearing from a single survey item. 

We obtained the following survey data on individual-level variables that could infuence sleep: 
sex (female/male), age (continuous), body mass index (BMI, continuous), race, ethnicity, marital status 
(categorical), and socioeconomic factors: household income bracket (ordinal), occupational status 
(categorical) and education (categorical). We collapsed income into a 4-level ordinal variable (<$50,000; 
$50,000–$100,000; >$100,000; Prefer not to answer). 

Demographic data for census tracts from which we sampled (Figure 1) were extracted from 
American FactFinder (http://factfnder2.census.gov/), and are given in Supplemental Table S1. 

http://factfinder2.census.gov/
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2.8. Statistical Analysis 

We analyzed data in logistic regression models using SAS (version 9.4, SAS Institute, 
Cary, NC, USA). We frst analyzed each outcome separately in a crude, unadjusted model, with 
Lnight only as an independent variable. We then analyzed each outcome in an adjusted multilevel 
regression model. We used directed acyclic graphs in DAGitty v2.3 to determine the minimal 
adjustment required to estimate the total effect of Lnight on outcomes of interest (see Supplemental 
Figures S1–S3) [22]. Adjustments for age and income were minimally necessary, so we did not include 
occupational status or education in analysis models. In addition to Lnight and income, we furthermore 
included sex, BMI, noise sensitivity and hearing problems as covariates in the adjusted model since we 
were interested in their infuence on our outcomes. Fifteen missing values for age and 14 missing values 
for BMI were replaced with the mean age (53 years) and mean BMI (29 kg/m2). Where categorical 
covariate data (sex, income, hearing problems and/or noise sensitivity) were missing, we excluded the 
respondent from analysis. 

Wald Chi-Squared tests were performed to determine the signifcance of the predictor variables, 
and statistical signifcance was set to α = 0.05. We did not correct for multiple testing in this exploratory 
analysis of pilot study data. Odds ratios (OR) with 95% confdence intervals (CI) and p-values are 
reported both for unadjusted and adjusted models. 

3. Results 

Out of the 3600 surveys mailed, 3159 surveys could be delivered. Of the deliverable surveys, 
319 were completed and returned, resulting in a response rate of 10.1%. Twenty one surveys with 
missing information for sex (n = 21), income (n = 9), noise sensitivity (n = 7) and/or hearing problems 
(n = 33) were excluded from analysis, resulting in an effective sample size of n = 268 (8.5%) of the 
surveyed population. The number of responses in each dichotomous outcome category are given in 
Supplemental Tables S2–S4. 

3.1. Population Demographics 

Table 1 summarizes the demographics for respondents to the noise and sleep survey for whom 
there were no missing sex, income, noise sensitivity or hearing problem data. There were 57 participants 
in the 35 < 40 dB noise exposure category, 46 in the 40 < 45 dB category, 51 in the 45 < 50 dB category, 
64 in the 50 < 55 dB category and 50 in the ≥55 dB category. Respondents ranged in age from 21 to 
97 years, with a mean of 52.4 years (standard deviation (SD) ± 15.2) and had a mean BMI of 29.3 kg/m2 

(SD ± 6.5). Sixty one percent of respondents were black, which is a similar proportion to the 62.5% 
mean proportion for the sampled sampling region (see in Supplemental Table S1). For the highest level 
of completed education, 46.4% of respondents had no college education, which is slightly higher than 
the 40.0% of the population without college education in the sampling region. Among respondents 
who disclosed their income, 50.9% had a household income below $50,000, with 31.3% of respondents 
and the median value lying in the $25–50 k category. This is in agreement with the mean household 
income for the sampled census tracts of $49,100. 



Int. J. Environ. Res. Public Health 2019, 16, 4321 6 of 15 

Table 1. Demographic characteristics of survey respondents (N = 268) for whom complete data were 
available for regression analysis. Respondents could provide multiple answers for Race. 

Variable Level Percent 

Sex (n = 268) Women 
Men 

64.9 
35.1 

Race (n = 268) 

Black 
White 
Other 
Prefer not to answer 

61.2 
24.6 
8.2 
10.4 

Marital Status (n = 267) 

Single 
Married or domestic partners 
Widowed 
Separated/divorced 

36.9 
38.6 
7.9 
16.5 

Income (n = 268) 

<$50,000 
$50,000–$100,000 
>$100,000 
Prefer not to answer 

41.8 
27.2 
13.1 
17.9 

Education (n = 265) 
<High School 
High School 
College or greater 

4.2 
42.3 
53.6 

Employment (n = 265) 

Working 
Unemployed 
Student 
Retired 
Homemaker 

53.6 
9.1 
1.9 
30.9 
4.5 

Hearing (n = 268) No problems 
Problems 

85.8 
14.2 

Noise sensitivity (n = 268) Not sensitive 
Sensitive 

69.0 
31.0 

3.2. Survey Responses 

3.2.1. Sleep Disturbance by Noise, Annoyance by Noise and Sleep Quality 

Results of the unadjusted logistic regression models for annoyance, sleep disturbance and sleep 
quality are presented in Table 2. Exact p-values for all tests are given in Supplemental Table S5. 
With increasing nocturnal aircraft noise exposure, Lnight, there were signifcant increases in the 
following outcomes: sleep disturbance by aircraft noise, annoyance by aircraft noise, likelihood of 
rating overall sleep quality as “bad” or “fairly bad”, trouble falling asleep within 30 min at least once a 
week, trouble sleeping at night due to nocturnal awakenings or waking too early in the morning at 
least once a week, and trouble staying awake during the daytime at least once a week. Only use of 
sleep medications was not signifcantly associated with Lnight. Nighttime aircraft noise was therefore 
associated with higher sleep disturbance and decreased subjective sleep quality. 

The odds ratios for the associations between Lnight and sleep in the adjusted regression models 
(Table 3) closely match the results from the unadjusted models, although trouble staying awake during 
the daytime is no longer signifcant. Furthermore, there were signifcant effects of noise sensitivity for 
all of the sleep outcomes, with noise-sensitive individuals reporting higher disturbance, annoyance 
and trouble sleeping than non-sensitive individuals. Respondents with hearing problems were more 
likely to report trouble falling asleep and staying asleep. There were also effects of income bracket, 
with respondents in the highest annual income bracket (>$100 k) less annoyed and sleep disturbed by 
aircraft noise than respondents in the lowest income bracket (<$50 k). 
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Table 2. Odds ratios and 95% confdence intervals from unadjusted logistic regression models for sleep quality variables. 

Outcome Measure 

Covariate Trouble Falling Trouble Sleeping Trouble Staying Sleep Disturbance Annoyance Overall Sleep Quality Sleep Medication Asleep at Night Awake 

Lnight 1.15 (1.10–1.20) **** 1.17 (1.11–1.22) **** 1.05 (1.01–1.08) * 1.05 (1.02–1.09) ** 1.04 (1.01–1.08) * 0.99 (0.95–1.04) 1.06 (1.01–1.11) * 

p-values for odds ratios that are statistically signifcant are denoted with asterisks (* <0.05; ** <0.01; **** <0.0001). 

Table 3. Odds ratios (95% confdence intervals) from logistic regression models for sleep quality variables, adjusted for age, body mass index (BMI), sex, hearing 
problems, noise sensitivity and income. 

Outcome Measure 

Covariate Level Overall Sleep Trouble Falling Trouble Sleeping Sleep Trouble Sleep Disturbance Annoyance Quality Asleep at Night Medication Staying Awake 

Lnight Continuous 1.15 (1.10–1.21) **** 1.17 (1.11–1.23) **** 1.04 (1.00–1.08) * 1.06 (1.02–1.10) ** 1.04 (1.00–1.08) * 0.98 (0.94–1.03) 1.05 (1.00–1.11) 

BMI Continuous 0.95 (0.90-0.99) * 0.95 (0.90–1.00) * 1.00 (0.96–1.04) 0.99 (0.95–1.03) 1.00 (0.95–1.04) 1.04 (0.99–1.09) 1.00 (0.96–1.05) 

Sex Female (ref.) - - - - - - -
Male 1.05 (0.54–2.03) 1.13 (0.57–2.24) 0.99 (0.56–1.75) 1.23 (0.71–2.14) 0.59 (0.34–1.05) 0.66 (0.31–1.37) 0.58 (0.31–1.07) 

Age Continuous 1.00 (0.98–1.02) 1.00 (0.98–1.02) 0.99 (0.98–1.01) 0.99 (0.97–1.01) 0.99 (0.97–1.00) 0.99 (0.97–1.02) 0.99 (0.97–1.00) 

Hearing No hearing 
problems problems (ref.) 

Hearing 0.72 (0.28–1.85) 0.66 (0.25–1.77) 1.44 (0.68–3.06) 2.46 (1.10–5.51) * 2.51 (1.02–6.15) * 1.57 (0.64–3.85) 1.98 (0.91–4.29) problems 

NotNoise noise-sensitive - - - - - - -sensitivity (ref.) 
Noise-sensitive 3.05 (1.59–5.83) *** 3.10 (1.59–6.07) *** 2.09 (1.20–3.66) ** 2.74 (1.53–4.89) *** 4.01 (2.05–7.86) **** 2.10 (1.07–4.14) * 2.03 (1.13–3.67) * 

Income <$50 k (ref.) - - - - - - -
$50–100 k 0.49 (0.23–1.04) 0.69 (0.32–1.47) 1.08 (0.57–2.07) 0.94 (0.50–1.78) 0.89 (0.45–1.75) 1.13 (0.48–2.67) 1.53 (0.78–2.98) 
>$100 k 0.21 (0.05–0.80) * 0.17 (0.04–0.85) * 0.72 (0.28–1.84) 0.63 (0.27–1.44) 0.72 (0.30–1.71) 1.7 (0.60–4.86) 0.83 (0.31–2.23) 

Prefer not to 0.67 (0.29–1.50) 0.85 (0.37–1.96) 0.82 (0.38–1.75) 0.61 (0.29–1.28) 0.56 (0.26–1.21) 1.88 (0.76–4.62) 0.62 (0.27–1.44) answer 

ref. denotes reference category; p-values for odds ratios that are statistically signifcant are denoted with asterisks (* <0.05; ** <0.01; *** <0.001; **** <0.0001). 
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3.2.2. Use of Sleep Aids in Response to Noise 

Results of the unadjusted logistic regression models for often or always using different sleep aids 
are presented in Table 4. Exact p-values for all tests are given in Supplemental Table S5. With increasing 
nocturnal aircraft noise exposure, Lnight, respondents were signifcantly more likely to report using 
alcohol, television, music and closing their windows in response to noise. Nighttime aircraft noise was 
therefore positively associated with increased prevalence of a number of coping behaviors. 

The odds ratios and tests of signifcance for the associations between Lnight and sleep aid use 
in the adjusted regression models (Table 5) closely match the results from the unadjusted models. 
Furthermore, there were some signifcant effects of age, hearing problems and noise sensitivity. Older 
individuals were increasingly less likely to use music or fans as a sleep aid. Noise-sensitive respondents 
and respondents with hearing problems were more than twice as likely to use either medication or 
television as a sleep aid. Noise-sensitive individuals were also more likely to close their windows and 
use fans than non-sensitive individuals. Individuals with hearing problems were over 5 times as likely 
to use music as a sleep aid against noise compared to individuals without hearing problems. 

3.2.3. Health 

Results of the unadjusted logistic regression models for self-reported general heath and diagnosis 
of relevant health outcomes are presented in Table 6. Exact p-values for all tests are given in 
Supplemental Table S5. With increasing nocturnal aircraft noise exposure, Lnight, respondents were 
signifcantly more likely to rate their health as worse, i.e., as fair or poor rather than good to excellent. 
This association was not statistically signifcant after adjusting for BMI, sex, age, hearing problems, 
noise sensitivity and income (Table 7). With increasing BMI, respondents were more likely to rate 
their health as worse and report a prior diagnosis of a sleep disorder, hypertension and diabetes. 
With increasing age, respondents were more likely to report a prior diagnosis of a sleep disorder, 
hypertension, arrhythmia, heart disease and diabetes. There were no signifcant effects of sex or noise 
sensitivity on any of the measured health outcomes. 
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Table 4. Odds ratios and 95% confdence intervals from unadjusted logistic regression models for always or often using sleep aids because of noise. 

Outcome Measure 
Covariate 

Earplugs Alcohol Medication TV Music Close Windows Sound Machine Fan 

Lnight 1.04(0.98–1.12) 1.11 (1.01–1.21) * 1.01 (0.97–1.06) 1.06 (1.02–1.10) ** 1.08 (1.02–1.13) ** 1.05 (1.01–1.08) ** 0.97 (0.90–1.05) 1.02 (0.99–1.06) 

p-values for odds ratios that are statistically signifcant are denoted with asterisks (* <0.05; ** <0.01). 

Table 5. Odds ratios (95% confdence intervals) from logistic regression models for always or often using sleep aids because of noise, adjusted for age, BMI, sex, 
hearing problems, noise sensitivity and income. 

Outcome Measure 

Covariate Level SoundEarplugs Alcohol Medication TV Music Close Windows FanMachine 

Lnight Continuous 1.04 (0.96–1.12) 1.10 (1.00–1.21) * 1.01 (0.96–1.06) 1.05 (1.01–1.10) * 1.07 (1.01–1.13) * 1.05 (1.01–1.09) ** 0.99 (0.91–1.07) 1.01 (0.97–1.06) 

BMI Continuous 1.08 (1.01–1.15) * 0.99 (0.90–1.09) 1.03 (0.97–1.09) 1.02 (0.96–1.07) 1.04 (0.99–1.09) 0.96 (0.93–1.00) 0.95 (0.85–1.06) 1.03 (0.99–1.08) 

Sex Female (ref.) - - - - - - - -
Male 0.90 (0.30–2.75) 1.12 (0.30–4.12) 0.85 (0.38–1.87) 0.82 (0.38–1.80) 0.84 (0.37–1.91) 1.16 (0.67–1.99) 0.97 (0.30–3.19) 0.77 (0.42–1.43) 

Age Continuous 1.00 (0.96–1.04) 0.97 (0.93–1.01) 1.00 (0.97–1.02) 0.98 (0.95–1.00) 0.94 (0.92–0.97) **** 0.99 (0.97–1.00) 1.00 (0.97–1.0) 0.97 (0.95–0.99) ** 

Hearing No hearing 
problems problems (ref.) 

Hearing 3.00 (0.92–9.76) 0.55 (0.06–4.83) 2.91 (1.22–6.98) * 5.14 (2.13–12.41) *** 5.18 (2.02–13.27) *** 1.05 (0.50–2.22) 1.14 (0.23–5.67) 2.07 (0.95–4.5) problems 

NotNoise noise-sensitive - - - - - - - -sensitivity (ref.) 
Noise-sensitive 2.42 (0.84–6.97) 2.29 (0.67–7.84) 2.29 (1.09–4.81) * 2.37 (1.13–4.97) * 1.08 (0.46–2.52) 1.71 (0.99–2.96) 0.96 (0.28–3.26) 2.04 (1.12–3.71) * 

Income <$50 k (ref.) - - - - - - - -
$50–100 k 2.46 (0.73–8.30) 1.23 (0.25–5.98) 0.89 (0.34–2.30) 1.42 (0.57–3.52) 1.35 (0.55–3.29) 0.98 (0.53–1.83) 1.59 (0.38–6.71) 0.80 (0.39–1.63) 
>$100 k 1.77 (0.30–10.6) 1.12 (0.10–12.12) 1.74 (0.57–5.34) 0.91 (0.22–3.64) 0.45 (0.09–2.28) 0.62 (0.26–1.47) 2.25 (0.43–11.65) 1.00 (0.39–2.54) 

Prefer not to 0.91 (0.16–5.15) 1.80 (0.40–8.16) 1.22 (0.44–3.39) 2.51 (0.97–6.49) 0.99 (0.34–2.93) 0.50 (0.24–1.05) 1.13 (0.19–6.61) 0.91 (0.40–2.03) answer 

ref. denotes reference category; p-values for odds ratios that are statistically signifcant are denoted with asterisks (* <0.05; ** <0.01; *** <0.001; **** <0.0001). 
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Table 6. Odds ratios and 95% confdence intervals from unadjusted logistic regression models for general health and diagnosis of different health outcomes. 

Outcome Measure 

Covariate Chronic
General Health † Sleep Disorder Hypertension Arrhythmia Heart Disease Stomach Ulcer DiabetesHeadaches/Migraine 

Lnight 1.06 (1.02–1.11) ** 1.00 (0.96–1.04) 1.00 (0.97–1.04) 1.04 (0.98–1.11) 0.98 (0.92–1.04) 1.06 (0.97–1.15) 0.95 (0.86–1.05) 0.98 (0.93–1.03) 
† Odds ratio of reporting health as poor or fair. p-values for odds ratios that are statistically signifcant are denoted with asterisks (** <0.01). 

Table 7. Odds ratios (95% confdence intervals) from logistic regression models for general health and diagnosis of different health outcomes, adjusted for age, BMI, 
sex, hearing problems, noise sensitivity and income. 

Outcome Measure 

Covariate Level Chronic
General Health † Sleep Disorder Hypertension Arrhythmia Heart Disease Stomach Ulcer DiabetesHeadaches/Migraine 

Lnight Continuous 1.04 (1.00–1.09) 0.99 (0.95–1.03) 1.00 (0.96–1.04) 1.03 (0.96–1.10) 0.99 (0.92–1.06) 1.08 (0.98–1.18) 0.95 (0.85–1.06) 0.96 (0.90–1.01) 

BMI Continuous 1.08 (1.03–1.13) *** 1.07 (1.02–1.12) ** 1.13 (1.07–1.19) **** 0.98 (0.91–1.06) 1.01 (0.93–1.09) 1.02 (0.94–1.11) 0.95 (0.83–1.09) 1.10 (1.04–1.17) *** 

Sex Female (ref.) - - - - - - - -
Male 1.33 (0.68–2.59) 0.85 (0.44–1.62) 1.04 (0.55–1.95) 0.51 (0.16–1.63) 1.14 (0.39–3.31) 1.86 (0.51–6.79) 0.52 (0.09–2.85) 0.82 (0.34–1.97) 

Age Continuous 0.99 (0.97–1.02) 1.03 (1.01–1.05) * 1.10 (1.07–1.13) **** 0.98 (0.95–1.01) 1.07 (1.02–1.11) ** 1.06 (1.01–1.12) * 1.03 (0.98–1.08) 1.06 (1.03–1.10) *** 

Hearing No hearing 
problems problems (ref.) 

Hearing 2.28 (1.00–5.18) * 2.03 (0.93–4.42) 1.25 (0.54–2.90) 1.24 (0.33–4.68) 2.12 (0.67–6.73) 2.27 (0.55–9.25) 0.67 (0.07–6.28) 0.85 (0.28–2.58) problems 

NotNoise noise-sensitive - - - - - - - -sensitivity (ref.) 
Noise-sensitive 1.28 (0.66–2.50) 1.61 (0.86–3.00) 0.87 (0.46–1.65) 1.36 (0.50–3.73) 1.65 (0.60–4.53) 1.02 (0.27–3.82) 0.35 (0.04–2.92) 1.31 (0.58–2.98) 

Income <$50 k (ref.) - - - - - - - -
$50–100 k 0.78 (0.37–1.67) 1.13 (0.53–2.41) 1.15 (0.56–2.37) 0.84 (0.27–2.62) 1.27 (0.39–4.13) 1.42 (0.34–5.94) 0.78 (0.13–4.64) 0.64 (0.22–1.92) 
>$100 k 0.22 (0.05–1.04) 2.03 (0.79–5.26) 1.98 (0.75–5.23) 0.36 (0.04–3.13) 0.94 (0.17–5.34) 1.03 (0.10–10.79) 1.47 (0.21–10.10) 1.3 (0.35–4.83) 

Prefer not to 1.30 (0.57–2.96) 1.60 (0.69–3.73) 1.10 (0.48–2.55) 0.60 (0.15–2.39) 0.73 (0.14–3.79) 0.57 (0.06–5.22) - 3.09 (1.13–8.48) * answer 
† Odds ratio of reporting health as poor or fair; ref. denotes reference category; p values for odds ratios that are statistically signifcant are denoted with asterisks (* <0.05; ** <0.01; 
*** <0.001; **** <0.0001). Among respondents who chose not to report income, none reported stomach ulcers, so the odds ratio could not be determined. 
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4. Discussion 

The primary purpose of this pilot study was to establish the feasibility of using postal questionnaires 
to recruit participants into a NSS investigating the relationship between aircraft noise and physiologic 
sleep. As part of this feasibility assessment, we were interested in the appropriateness of using these 
survey instruments to capture self-reported associations between aircraft noise and sleep and health 
in the NSS. To this end, we sent out 3600 postal surveys to residents near ATL that asked questions 
on self-reported sleep disturbance to noise and annoyance to noise. We also obtained demographic 
data, self-reported overall sleep quality and noise sensitivity, use of sleep aids in response to noise, 
and self-reported health information. These surveys allowed for an evaluation of subjective response 
to aircraft noise in the community, how residents perceive noise has affected their sleep, and how 
they adapt to noise using coping mechanisms. The results showed that nighttime aircraft noise was 
associated with sleep disturbance and annoyance, worse subjective sleep, and the adoption of sleep 
aids to mitigate the effects of noise on sleep. 

We found that residents living in regions with higher levels of nighttime aircraft noise were more 
likely to report poor overall sleep quality. They also reported greater difficulty falling asleep within 
30 min and trouble sleeping at night due to waking in the middle of the night or too early in the 
morning. These fndings are consistent with those of a recent World Health Organization (WHO) 
review on environmental noise and self-reported sleep outcomes [14]. While the WHO report found a 
statistically signifcant relationship between aircraft noise and disruptions to sleep only when noise 
was referred to in the question, in our study, Lnight was associated with poorer self-reported sleep 
quality without a reference to noise. However, the title of our survey referenced noise, which may 
have infuenced respondents when answering questions about their sleep. Furthermore, the choice of 
classifcation we used for coding the dichotomous variables of reporting difficulty sleeping, i.e., we 
coded a sleep difficulty as present if it occurred once a week or more, rather than the single highest 
response of three time a week or more, should moderate conclusions regarding associations between 
aircraft noise and subjective sleep. According to the American Psychiatric Association, a criterion for 
diagnosis of insomnia is that sleep difficulty occurs at least three times per week [23]. Few respondents 
reported that trouble with sleep occurred at least three times a week, precluding statistical analysis of 
this response category only, and further illustrating the need for the larger sample sizes that will be 
obtained in the NSS. Respondents were increasingly likely to report that they were very or extremely 
annoyed and sleep disturbed with increasing Lnight, which are responses corresponding to the “highly 
annoyed” and “highly sleep disturbed” classifcations used by the WHO in their estimations of the 
disease burden of environmental noise [11]. These level-dependent associations between aircraft 
noise and annoyance and sleep disturbance are consistent with what has been found previously in 
the literature [14,24,25]. Good quality sleep is important for many biological functions and overall 
health, and so public perception that aircraft noise is disrupting sleep is a relevant concern. However, 
questionnaires on self-reported sleep may not fully capture the magnitude of the effect of environmental 
noise on sleep. Nighttime awakenings due to noise often occur without conscious awareness, and 
so residents may not accurately estimate the degree to which noise affects their sleep. There is also 
some evidence that self-reported sleep may only be weakly associated with objective sleep measures 
of sleep [26]. Thus, future feld studies on the physiological responses to nighttime aircraft noise are 
needed to elucidate the objective impact of aircraft noise on sleep. 

Along with disrupting sleep, aircraft noise can be annoying to residents living near airports. It was 
found that residents living in regions with higher Lnight levels were signifcantly more likely to report 
feeling highly annoyed by aircraft noise over the last twelve months. This fnding is consistent with 
previous annoyance studies (e.g., [4,27,28]). A limitation of this fnding is that we only examined the 
associations between Lnight and annoyance to aircraft noise, and so we cannot exclude daytime noise 
exposure as the main source of annoyance. A high level of annoyance to aircraft noise is concerning 
not just because of its impact on mood, but also because of its potential to infuence sleep. While we 
sleep, the brain continues to processes and evaluate auditory stimuli, and so noise events that have 
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emotional relevancy may induce a nighttime arousal with a higher probability compared to those that 
are less emotionally relevant [29]. Addressing annoyance to aircraft noise may thus be an important 
component in preventing aircraft noise-induced sleep disturbance. Because of the limited sample size 
and low response rate, annoyance levels found in this study should not be generalized to the studied, or 
other, airports. A much larger national survey across a more representative selection of 20 airports was 
recently conducted by the FAA and is expected to provide more precise exposure–response functions 
for daytime and nighttime aircraft noise annoyance [30]. 

Residents who were sensitive to noise were more likely to report annoyance and sleep disturbance 
by aircraft noise, as well as worse subjective sleep overall in all measures of sleep quality. This is in 
line with previous fndings that noise-sensitive individuals report worse sleep [31–33]. As a result of 
noise, sensitive respondents were also more likely to report using three of the eight surveyed sleep 
aids at least once a week, further supporting the idea they were more psychologically susceptible to, 
or more cognizant of, nocturnal noise. It is, however, unclear how sensitivity might infuence the 
impact of noise on sleep biology, with several studies fnding minimal or no physiologic effects of 
sensitivity [32,34,35], or even that their sleep was objectively better [36]. Regardless of whether or 
not physiologic effects of noise are moderated by an individual’s sensitivity, consistent fndings, both 
here and previously, that they report worse subjective sleep and increased annoyance and disturbance 
remain relevant when considering the public health implications of nocturnal aircraft noise exposure. 

Those exposed to high levels of aircraft noise during sleep may try to adapt to the noise using 
various sleeping aids. We found that Lnight was signifcantly associated with an increased likelihood to 
frequently close windows when trying to sleep and to use alcohol, television and/or music as sleep 
aids because of noise. These fndings suggest that residents in communities with higher Lnight are 
concerned with noise affecting their sleep, and they engage in coping behaviors to adapt to the noise 
at night. A limitation is that our survey questions on sleep aids referenced noise in general, rather 
than aircraft noise specifcally. It may be possible that residents living in neighborhoods with higher 
Lnight use sleep aids to block out other sources of nighttime noise as well. However, given that these 
residents were signifcantly annoyed and disturbed in their sleep by aircraft noise, it is plausible that 
aircraft noise was the primary noise source that induced these coping behaviors. 

In the long-term, exposure to high levels of aircraft noise may have adverse health 
consequences [2,18]. It is thought that nighttime aircraft noise exposure increases the risk of 
cardiovascular disease [10] and is known to disturb sleep, which, when restricted on a chronic 
basis, is associated with increased risk of cancer, obesity, and diabetes [7]. However, we did not fnd an 
association between Lnight and poorer self-reported general health after adjusting for individual-level 
covariates and sociodemographic factors. Nor did we fnd an association between Lnight and diagnosis 
of heart disease, hypertension or diabetes. However, we were underpowered to detect the small effect 
sizes expected for these health outcomes. The signifcant relationships between BMI and age with a 
number of the health outcomes are all positive, as would be expected for sleep disorders, hypertension, 
heart disease and diabetes, indicating that the questionnaire items may be suitable for capturing the 
prevalence of diagnosis among the sampled population. 

Limitations 

Our fndings have several limitations, most notably that our study population was small, with an 
effective sample size of 268 (8.5% of the surveyed population). Our response rate was lower (10.1%) 
than the 46%–76% response rates seen in other postal questionnaires on attitudes towards aircraft 
noise [37], and survey responses may not accurately represent the attitudes and sleep patterns of the 
population around ATL. However, this survey was primarily aimed at recruitment for a feld study, 
and a number of the survey rounds used mailing strategies that were ineffective at eliciting responses. 
A comprehensive analysis of the survey response rate has been completed and is reported in another 
publication [16], and a higher response rate is expected in the NSS. Despite the low response rate, 
respondent demographics were similar to the demographics of the census blocks from which we 
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sampled, suggesting a degree of representativeness of the obtained survey data, although we have an 
overrepresentation of women in our sample. 

We did not have information on noise exposure levels in the bedrooms of survey participants. 
Our survey study used estimated outdoor nighttime aircraft exposure levels based on fight traffic 
data; however, these estimates may not always refect actual noise levels in the bedroom. If residents 
close their windows at night, as was more likely among residents in the most exposed areas, noise 
levels can be diminished by up to approximately 28 dB [38]. Aircraft noise can also be masked by, for 
example, noise from air conditioning, television or white noise machines. Accurate bedroom noise 
levels can only be obtained with measurement, which was outside of the scope of this survey analysis. 

Lastly, because of the exploratory design of this study, we decided not to correct for multiple 
hypothesis testing, and therefore inferences drawn from these tests may not be reproducible [39]. 

5. Conclusions 

In this pilot study, average nighttime aircraft noise was signifcantly associated with self-reports 
of worse overall sleep quality, trouble falling asleep within 30 min, greater difficulty to maintain sleep, 
annoyance, and sleep disturbance. Residents in areas exposed to higher levels of aircraft noise coped 
by closing the windows at night, consuming alcohol, and using television and music as sleep aids. 
After adjustment for sociodemographic factors, we did not fnd a signifcant effect of nocturnal aircraft 
noise exposure on any of the investigated self-reported health outcomes. Despite the limitations of this 
pilot study, this cross-sectional study suggests evidence of adverse effects of aircraft noise, warranting 
further investigation in larger subject cohorts. The results indicate that postal surveys with the primary 
objective of recruitment into the future NSS can also be used to obtain quality data on annoyance, 
sleep, health and coping behaviors among populations living around airports. 
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22. Textor, J.; van der Zander, B.; Gilthorpe, M.S.; Liśkiewicz, M.; Ellison, G.T. Robust causal inference using 
directed acyclic graphs: The R package ‘dagitty’. Int. J. Epidemiol. 2016, 45, 1887–1894. [CrossRef] [PubMed] 

23. American Psychiatric Association. DSM-5 Task Force. Diagnostic and Statistical Manual of Mental Disorders: 
DSM-5, 5th ed.; American Psychiatric Association: Washington, DC, USA, 2013; p. 947. 

24. Miedema, H.M.E.; Vos, H. Associations Between Self-Reported Sleep Disturbance and Environmental Noise 
Based on Reanalyses of Pooled Data from 24 Studies. Behav. Sleep Med. 2007, 5, 1–20. [CrossRef] [PubMed] 

25. Kim, S.J.; Chai, S.K.; Lee, K.W.; Park, J.B.; Min, K.B.; Kil, H.G.; Lee, C.; Lee, K.J. Exposure–Response 
Relationship Between Aircraft Noise and Sleep Quality: A Community-based Cross-sectional Study. 
Osong Public Health Res. Perspect. 2014, 5, 108–114. [CrossRef] [PubMed] 

26. Jackowska, M.; Ronaldson, A.; Brown, J.; Steptoe, A. Biological and psychological correlates of self-reported 
and objective sleep measures. J. Psychosom. Res. 2016, 84, 52–55. [CrossRef] 

http://dx.doi.org/10.1121/1.3533739
http://www.ncbi.nlm.nih.gov/pubmed/21476651
http://dx.doi.org/10.1016/j.envint.2009.07.012
http://www.ncbi.nlm.nih.gov/pubmed/19699524
http://dx.doi.org/10.1093/sleep/25.1.18
http://www.ncbi.nlm.nih.gov/pubmed/11833856
http://dx.doi.org/10.1371/journal.pbio.0060216
http://dx.doi.org/10.4103/1463-1741.104897
http://dx.doi.org/10.4103/1463-1741.80148
http://dx.doi.org/10.1121/1.413667
http://dx.doi.org/10.1121/1.428641
http://www.ncbi.nlm.nih.gov/pubmed/10830377
http://dx.doi.org/10.3390/ijerph15030519
http://www.ncbi.nlm.nih.gov/pubmed/29538344
http://dx.doi.org/10.4103/1463-1741.63208
http://dx.doi.org/10.13140/RG.2.2.21733.1456
http://dx.doi.org/10.1006/jsvi.2000.3384
http://dx.doi.org/10.1016/S0140-6736(13)61613-X
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1121/1.1810291
http://dx.doi.org/10.1037/0021-9010.63.4.458
http://dx.doi.org/10.1093/ije/dyw341
http://www.ncbi.nlm.nih.gov/pubmed/28089956
http://dx.doi.org/10.1207/s15402010bsm0501_1
http://www.ncbi.nlm.nih.gov/pubmed/17313321
http://dx.doi.org/10.1016/j.phrp.2014.03.004
http://www.ncbi.nlm.nih.gov/pubmed/24955321
http://dx.doi.org/10.1016/j.jpsychores.2016.03.017


Int. J. Environ. Res. Public Health 2019, 16, 4321 15 of 15 

27. Miedema, H.M.; Oudshoorn, C.G. Annoyance from transportation noise: Relationships with exposure 
metrics DNL and DENL and their confdence intervals. Environ. Health Perspect. 2001, 109, 409–416. 
[CrossRef] 

28. Quehl, J.; Müller, U.; Mendolia, F. Short-term annoyance from nocturnal aircraft noise exposure: Results of 
the NORAH and STRAIN sleep studies. Int. Arch. Occup. Environ. Health 2017, 90, 765–778. [CrossRef] 

29. Portas, C.M.; Krakow, K.; Allen, P.; Josephs, O.; Armony, J.L.; Frith, C.D. Auditory processing across the 
sleep-wake cycle: Simultaneous EEG and fMRI monitoring in humans. Neuron 2000, 28, 991–999. [CrossRef] 

30. Cointin, R.; Sizov, N.; Hileman, J.I. U.S. Civil Aircraft Noise Annoyance Survey Design. In Proceedings 
of the INTER-NOISE and NOISE-CON Congress and Conference Proceedings, Hamburg, Germany, 
21–24 August 2016. 

31. Miedema, H.M.E.; Vos, H. Demographic and attitudinal factors that modify annoyance from transportation 
noise. J. Acoust. Soc. Am. 1999, 105, 3336–3344. [CrossRef] 

32. Marks, A.; Griefahn, B. Associations between noise sensitivity and sleep, subjectively evaluated sleep quality, 
annoyance, and performance after exposure to nocturnal traffic noise. Noise Health 2007, 9, 1–7. 

33. Park, J.; Chung, S.; Lee, J.; Sung, J.H.; Cho, S.W.; Sim, C.S. Noise sensitivity, rather than noise level, predicts 
the non-auditory effects of noise in community samples: A population-based survey. BMC Public Health 

2017, 17, 315. [CrossRef] 
34. Smith, M.G.; Croy, I.; Ögren, M.; Hammar, O.; Lindberg, E.; Persson Waye, K. Physiological effects of railway 

vibration and noise on sleep. J. Acoust. Soc. Am. 2017, 141, 3262–3269. [CrossRef] [PubMed] 
35. Di Nisi, J.; Muzet, A.; Ehrhart, J.; Libert, J.P. Comparison of cardiovascular responses to noise during waking 

and sleeping in humans. Sleep 1990, 13, 108–120. [CrossRef] [PubMed] 
36. Smith, M.G.; Ögren, M.; Morsing, J.A.; Waye, K.P. Effects of ground-borne noise from railway tunnels on 

sleep: A polysomnographic study. Build. Environ. 2019, 149, 288–296. [CrossRef] 
37. Guski, R.; Schreckenberg, D.; Schuemer, R. WHO Environmental Noise Guidelines for the European Region: 

A Systematic Review on Environmental Noise and Annoyance. Int. J. Environ. Res. Public Health 2017, 14, 1539. 
[CrossRef] [PubMed] 

38. Locher, B.; Piquerez, A.; Habermacher, M.; Ragettli, M.; Röösli, M.; Brink, M.; Cajochen, C.; Vienneau, D.; 
Foraster, M.; Müller, U.; et al. Differences between Outdoor and Indoor Sound Levels for Open, Tilted, and 
Closed Windows. Int. J. Environ. Res. Public Health 2018, 15, 149. [CrossRef] [PubMed] 

39. Perneger, T.V. What’s wrong with Bonferroni adjustments. Br. Med, J. 1998, 316, 1236–1238. [CrossRef] 
[PubMed] 

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

http://dx.doi.org/10.1289/ehp.01109409
http://dx.doi.org/10.1007/s00420-017-1238-7
http://dx.doi.org/10.1016/S0896-6273(00)00169-0
http://dx.doi.org/10.1121/1.424662
http://dx.doi.org/10.1186/s12889-017-4244-5
http://dx.doi.org/10.1121/1.4983302
http://www.ncbi.nlm.nih.gov/pubmed/28599531
http://dx.doi.org/10.1093/sleep/13.2.108
http://www.ncbi.nlm.nih.gov/pubmed/2330471
http://dx.doi.org/10.1016/j.buildenv.2018.12.009
http://dx.doi.org/10.3390/ijerph14121539
http://www.ncbi.nlm.nih.gov/pubmed/29292769
http://dx.doi.org/10.3390/ijerph15010149
http://www.ncbi.nlm.nih.gov/pubmed/29346318
http://dx.doi.org/10.1136/bmj.316.7139.1236
http://www.ncbi.nlm.nih.gov/pubmed/9553006
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Survey Methodology 
	Independent Variables: Nighttime Aircraft Noise Exposure 
	Dependent Variables: Annoyance and Sleep Disturbance by Noise 
	Dependent Variables: Sleep Quality 
	Dependent Variables: Coping Behaviors 
	Dependent Variables: Health 
	Individual-Level Covariates 
	Statistical Analysis 

	Results 
	Population Demographics 
	Survey Responses 
	Sleep Disturbance by Noise, Annoyance by Noise and Sleep Quality 
	Use of Sleep Aids in Response to Noise 
	Health 


	Discussion 
	Conclusions 
	References



Accessibility Report


		Filename: 

		17-ijerph-16-04321_pub.pdf




		Report created by: 

		

		Organization: 

		




[Enter personal and organization information through the Preferences > Identity dialog.]


Summary


The checker found problems which may prevent the document from being fully accessible.


		Needs manual check: 1

		Passed manually: 2

		Failed manually: 0

		Skipped: 0

		Passed: 26

		Failed: 3




Detailed Report


		Document



		Rule Name		Status		Description

		Accessibility permission flag		Passed		Accessibility permission flag must be set

		Image-only PDF		Passed		Document is not image-only PDF

		Tagged PDF		Passed		Document is tagged PDF

		Logical Reading Order		Passed manually		Document structure provides a logical reading order

		Primary language		Passed		Text language is specified

		Title		Passed		Document title is showing in title bar

		Bookmarks		Passed		Bookmarks are present in large documents

		Color contrast		Passed manually		Document has appropriate color contrast

		Page Content



		Rule Name		Status		Description

		Tagged content		Passed		All page content is tagged

		Tagged annotations		Passed		All annotations are tagged

		Tab order		Passed		Tab order is consistent with structure order

		Character encoding		Failed		Reliable character encoding is provided

		Tagged multimedia		Passed		All multimedia objects are tagged

		Screen flicker		Passed		Page will not cause screen flicker

		Scripts		Passed		No inaccessible scripts

		Timed responses		Passed		Page does not require timed responses

		Navigation links		Needs manual check		Navigation links are not repetitive

		Forms



		Rule Name		Status		Description

		Tagged form fields		Passed		All form fields are tagged

		Field descriptions		Passed		All form fields have description

		Alternate Text



		Rule Name		Status		Description

		Figures alternate text		Passed		Figures require alternate text

		Nested alternate text		Passed		Alternate text that will never be read

		Associated with content		Passed		Alternate text must be associated with some content

		Hides annotation		Passed		Alternate text should not hide annotation

		Other elements alternate text		Failed		Other elements that require alternate text

		Tables



		Rule Name		Status		Description

		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot

		TH and TD		Passed		TH and TD must be children of TR

		Headers		Passed		Tables should have headers

		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column

		Summary		Passed		Tables must have a summary

		Lists



		Rule Name		Status		Description

		List items		Passed		LI must be a child of L

		Lbl and LBody		Passed		Lbl and LBody must be children of LI

		Headings



		Rule Name		Status		Description

		Appropriate nesting		Failed		Appropriate nesting






Back to Top
