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A B S T R A C T

Background: Self-reported data about environmental exposures can lead to measurement error.
Objectives: To validate the self-reported perception of proximity to industrial facilities.
Methods: MCC-Spain is a population-based multicase-control study of cancer in Spain that recruited incident
cases of breast, colorectal, prostate, and stomach cancer. The participant’s current residence and the location of
the industries were geocoded, and the linear distance between them was calculated (gold standard). The epi-
demiological questionnaire included a question to determine whether the participants perceived the presence of
any industry at ≤1 km from their residences. Sensitivity and specificity of individuals' perception of proximity to
industries were estimated as measures of classification accuracy, and the area under the curve (AUC) and ad-
justed odds ratios (aORs) of misclassification were calculated as measures of discrimination. Analyses were
performed for all cases and controls, and by tumor location, educational level, sex, industrial sector, and length
of residence. Finally, aORs of cancer associated with real and self-reported distances were calculated to explore
differences in the estimation of risk between these measures.
Results: Sensitivity of the questionnaire was limited (0.48) whereas specificity was excellent (0.89). AUC was
sufficient (0.68). Participants with breast (aOR(95%CI)= 2.03 (1.67;2.46)), colorectal (aOR(95%CI)= 1.41
(1.20;1.64)) and stomach (aOR(95%CI)= 1.59 (1.20;2.10)) cancer showed higher risk of misclassification than
controls. This risk was higher for lower educational levels (aOR<primary vs. university (95%CI)= 1.78 (1.44;2.20)),
among younger participants (aOR22-54 years vs. 73-85 years (95%CI)= 1.32 (1.09;1.60)), and for some industrial
sectors: pharmaceutical (aOR(95%CI)= 29.02 (19.52;43.14)), galvanization (aOR(95%CI)= 14.14
(6.78;29.47)), and ceramic (aOR(95%CI)= 12.73 (7.22;22.44)). Participants living ≤1 year in the study area
showed a lower risk of misclassification ((aOR≤1 vs. >15 years (95%CI)= 0.56 (0.36;0.85)). The use of self-
reported proximity vs. real distance to industrial facilities biased the effect on cancer risk towards the nullity.
Conclusions: Self-reported distance to industrial facilities can be a useful tool for hypothesis generation, but
hypothesis-testing studies should use real distance to report valid conclusions. The sensitivity of the question
might be improved with a more specific formulation.

1. Introduction

Epidemiological questionnaires usually include self-reported data
about exposures of interest, such as diet, personal and familiar back-
ground information, or occupational history (Härmä et al., 2017; Kee
et al., 2017; Naska et al., 2017; Sediq et al., 2018). The use of self-
reported measurements can be very useful, since this information is
inexpensive, feasible and relatively easy to obtain. However, if the
collection method is not validated, the obtained information might be
erroneous, leading to measurement error and potential biases when
these data are used in studies about exposure and risk assessment
(Hartge and Cahill, 2008).

In the case of studies that evaluate the effect of exposures to pol-
lutant sources in health, it is often difficult to know the exact locations
of individuals and/or hazardous sources (Cordioli et al., 2014; García-
Pérez et al., 2008; Piro et al., 2008). In these situations, the use of a
validated self-reported method to obtain the information is essential.
Accordingly, some authors have explored the validity of self-reported
residential exposure to environmental (Cordioli et al., 2014) and traffic
(Cesaroni et al., 2008; Heinrich et al., 2005) pollution. Some of them
showed a relatively high (Cesaroni et al., 2008; Cordioli et al., 2014)
and others a weak (Heinrich et al., 2005) agreement between real and
self-reported exposures. Similarly, Rull et al. (Rull et al., 2006) reported
a weak agreement between observational and questionnaire measures
of pesticide exposure and Daniau et al. (Daniau et al., 2013a, 2013b)
claimed that the perception of pollution, especially sensory information
such as odors, affects self-reported health. Also, some researchers, have
found a positively biased risk of disease when using self-reported in-
formation on proximity to agricultural industries and crops (Handal
et al., 2015) and others claimed a possible over reporting of pollution
problems among individuals with respiratory problems (Piro et al.,
2008). However, to our knowledge, no study assessed the concordance
between perceived (self-reported) and observed (real distance) proxi-
mity to pollutant factories from different sectors.

In the present paper, we explored the validity of the self-reported
perception of proximity to industrial facilities by sample characteristics
and type of industrial sectors in the context of a population-based
multicase-control study of incident cancers carried out in Spain (MCC-
Spain).

2. Materials and methods

2.1. Study area and subjects

Details of the MCC-Spain study are described in detail elsewhere
(Castaño-Vinyals et al., 2015). Briefly, between September 2008 and
December 2013 histologically confirmed incident cases of breast
(n= 1738), prostate (n=1112), colorectal (n= 2140) and stomach
(n= 459) cancers were recruited in 12 provinces from north, south,
east, west, and central Spain to ensure geographical representation
(map: http://www.mccspain.org/wp-content/uploads/2016/04/05_
Mapa_nodos2.jpg). All participants were between the age of 20 and
85 and resided in the catchment areas of the hospitals for at least
6months prior to recruitment. A common set of 3941 population-based
controls were randomly selected from administrative records of se-
lected primary care health centers located within the catchment areas
of the hospitals, and were frequency matched to the overall distribution
of cases by sex, age (in 5-year age groups), and region (province). The
Ethics Committee of each participating center approved the study
protocol and all participants signed an informed consent before the
recruitment.

2.2. Data collection

Information on socio-demographic factors, lifestyle, and personal/
family medical history was collected with a questionnaire administered
by trained personnel in a face-to-face interview. Such questionnaire
included the following question: “Is your current residence less than
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1 km from a factory or industry?” (See Supplementary Material I for
more detail). We classified as “yes”, if the participant perceived there
was some industry ≤1 km from her/his residence, or “no”, if the par-
ticipant did not perceive it. Missing responses were not included in the
analyses.

2.3. Residential locations

Each participant’s current residence was geocoded into Universal
Transverse Mercator Zone 30 (ED50) coordinates using Google Earth
Pro. All coordinates were individually checked using the “street-view”
application included in Google Earth Pro, and the National Cadastre,
which includes the names and numbers of streets and buildings.

2.4. Industrial facility locations

The information about industries governed by the Integrated
Pollution Prevention and Control Directive and installations included in
the European Pollutant Release and Transfer Register, corresponding to
2009, was used. Due to the identification of errors in the address of
several industries, each one of them was thoroughly checked. Following
the same methodology applied in previous studies (García-Pérez et al.,
2019, 2008), we used the “street-view” application included in Google
Earth Pro, the Google Maps server, the “Yellow pages” web page (which
allows the search of addresses and companies), the Spanish Agricultural
Plots Geographic Information System (which includes orthophotos and
topographic maps showing the names of the industries) (Spanish
Ministry of Agriculture and Fishing Food and Environment, 2019), and
the web pages of the industries themselves to ensure that the location of
the industrial facility was accurate. The final industrial database in-
cluded information about the coordinates of the 2809 industrial facil-
ities located in the study area.

2.5. Statistical analysis

The characteristics of the individuals and their proximity to in-
dustrial facilities were summarized using basic descriptive statistics

(frequencies, medians, and interquartile range (IQR)).
For each participant, the shortest Euclidean distance between the

coordinates of the individual’s residence and the coordinates of any of
the 2809 industrial facilities was calculated. This distance was used as
the gold standard in the analyses.

As measures of classification accuracy, sensitivity (probability of the
questionnaire to classify correctly those participants with residence at
≤1 km from any industry) and specificity (probability of the ques-
tionnaire to classify correctly those participants with residence at> 1
km from any industry), with their 95% confidence intervals (95%CIs)
were calculated. The agreement between observed and perceived
proximity to industrial facilities (discrimination of the question) was
assessed by the area under the curve (AUC) and its 95%CI. These
analyses were stratified by tumor location, educational level, age
(quartiles in controls), sex, length in the current residence, and in-
dustrial sector.

Additionally, with the purpose of providing an adjusted measure of
the discrimination, the risk of misclassification by sample character-
istics and industrial sector was calculated. To obtain these estimates,
three types of analyses were performed using binary mixed logistic
regression models with the province as a random effects term. For all
analyses, the outcome (misclassification) was defined as: 0= partici-
pant correctly classified (if she/he lived and perceived ≤1 km or lived
and perceived>1 km), or 1=participant misclassified (in the other
cases):

(a) First analysis: the adjusted odds ratios (aORs) of misclassification
(based on the distance to any type of industry) and 95%CIs by
tumor location were obtained with 4 different models, one for each
tumor, adjusted by educational level, age, length of residence and,
in the case of stomach and colorectal cancer, also by sex. The aORs
for educational level, age, sex, and length of residence were esti-
mated including in a different model these three variables and the
case/control status.

(b) Second analysis: we defined the observed proximity to each in-
dustrial sector as: 0=No industries of any sector ≤1 km; 1= at
least one industry of the industrial sector in question ≤1 km. The

Table 1
Description of sample characteristics, observed and perceived proximity to an industrial facility, and distance to the nearest industry by type of tumor.

Breast Cancer Prostate Cancer Colorectal and stomach cancer

Controls Cases Controls Cases Controls Colorectal Cases Stomach Cases

Educational level n (%)
University graduate 416 (21%) 312 (19%) 420 (22%) 169 (15%) 836 (22%) 206 (11%) 48 (11%)
Secondary school 607 (31%) 554 (33%) 537 (28%) 239 (22%) 1144 (29%) 380 (21%) 94 (21%)
Primary school completed 594 (30%) 552 (33%) 649 (34%) 434 (39%) 1243 (32%) 695 (38%) 177 (39%)
Less than primary school 336 (17%) 265 (16%) 329 (17%) 258 (23%) 665 (17%) 560 (30%) 132 (29%)

Age, n (%)
73–85 369 (19%) 220 (13%) 556 (29%) 230 (21%) 925 (24%) 649 (35%) 172 (38%)
65–72 378 (19%) 236 (14%) 624 (32%) 411 (37%) 1002 (26%) 447 (24%) 106 (24%)
55–64 432 (22%) 445 (26%) 540 (28%) 388 (35%) 972 (25%) 476 (26%) 85 (19%)
22–54 774 (40%) 782 (46%) 215 (11%) 71 (6%) 989 (25%) 269 (15%) 88 (20%)

Sex, n (%)
Male 0 (0%) 0 (0%) 1935 (100%) 1100 (100%) 1935 (50%) 1177 (64%) 304 (67%)
Female 1953 (100%) 1683 (100%) 0 (0%) 0 (0%) 1953 (50%) 664 (36%) 147 (33%)

Length of residence
>15 years 1251 (64%) 966 (57%) 1406 (73%) 828 (75%) 2657 (68%) 1362 (74%) 303 (67%)
11–15 years 202 (10%) 204 (12%) 162 (8%) 75 (7%) 364 (9%) 113 (6%) 43 (10%)
6–10 years 268 (14%) 234 (14%) 189 (10%) 98 (9%) 457 (12%) 185 (10%) 50 (11%)
1–5 years 184 (9%) 217 (13%) 132 (7%) 77 (7%) 316 (8%) 133 (7%) 48 (11%)
≤1 year 47 (2%) 61 (4%) 39 (2%) 19 (2%) 86 (2%) 44 (2%) 7 (2%)

Observed and perceived proximity to an industrial facility, n (%)
Observed distance ≤1 km 239 (12.2%) 291 (17.3%) 184 (9.5%) 133 (12.1%) 423 (10.9%) 314 (17.1%) 70 (15.5%)
Perceived distance ≤1 km 257 (13.2%) 335 (19.9%) 273 (14.1%) 167 (15.2%) 530 (13.6%) 374 (20.3%) 74 (16.4%)

Distance to the nearest industry in km, median (IQR)
All individuals 2.65 (2.30) 2.19 (2.15) 2.63 (2.13) 2.20 (1.92) 2.64 (2.20) 2.21 (2.32) 2.36 (2.31)
Among those who perceived ≤1 km 1.25 (2.10) 1.24 (1.46) 1.78 (1.94) 1.48 (1.51) 1.55 (2.05) 1.19 (1.45) 1.27 (1.40)
Among those who perceived > 1 km 2.77 (2.27) 2.42 (2.12) 2.75 (2.11) 2.34 (1.99) 2.76 (2.19) 2.48 (2.46) 2.57 (2.48)
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aORs of misclassification (based on the distance to any sector-spe-
cific industry) and 95%CIs by industrial activity were estimated in
19 independent models including each sector-specific mis-
classification variable in one of them and adjusting the estimations
by case control status, educational level, age, sex, and length of
residence.

(c) Third analysis: additionally, the differences in the aOR of mis-
classification between cases and controls by educational level, age,
sex, length of residence, and industrial sector were assessed, in-
cluding an interaction term between these variables and the case-
control status in each of the models described before.

(d) Fourth analysis: to explore possible differences in the effect of self-
reported and real distance to industrial facilities on cancer risk, we
estimated the OR of breast, prostate, colorectal, and stomach cancer
associated with these two measurements. For this purpose, we fitted
eight binary logistic regression models, one for each tumor vs. self-
reported/real distance combination, adjusted by educational level,
age length of residence and, in the case of stomach and colorectal
cancer, also by sex.

Finally, the following sensitivity and supplementary analyses were
carried out: in order to evaluate the effect of the number of industries
close by in the global percentage of misclassification, the percentage of
incorrect self-perception of proximity to an industrial facility among
individuals living close to one, two and three or more industrial facil-
ities was calculated. We also provided a comparison of the median

distance and interquartile range (IQR) between individuals who per-
ceived living ≤1 km from an industry and those who perceived
living>1 km by industrial sector as a complementary descriptive ma-
terial (Supplementary Material II). Additionally, to explore the possible
bias in sector-specific self-perception caused by the number of in-
dustries or the presence of industries from other sectors different from
the one under study, the models from the third analysis were adjusted
excluding individuals living close to more than one industry
(Supplementary Material III).

All analyses were performed with Stata/MP 15.0.

3. Results

After accounting for the missing information in the perceived dis-
tance from industrial pollutant sources, 1683 breast cancer cases, 1100
prostate cancer cases, 1841 colorectal cancer cases and 451 stomach
cancer cases were included in the study. For the analyses of stomach
and colorectal cancer, we used the full sample of 3888 controls, for
breast cancer, we selected only the 1953 female controls, and for the
analyses of prostate cancer, we selected only the 1935 male controls.

Table 1 shows the description of the sample by case/control status.
Cases were less educated than controls for all cancer locations explored.
Regarding the age, women with breast cancer (mean ±
sd=59.02 ± 13.25, data not shown) and men with prostate cancer
(mean ± sd=66.05 ± 7.35) were younger than controls (mean ±
sd=56.42 ± 12.67 and mean ± sd=66.23 ± 9.71 respectively),

Table 2
Measures of classification accuracy (sensitivity and specificity) and discrimination (area under the curve and adjusted odds ratio) of misclassification using observed
(“gold standard”) and perceived (questionnaire) proximity to industries (≤1 km), by control/tumor location, educational level, age, sex, and length of residence.

Observed/Perceived ≤1 km

No/No Yes/Yes No/Yes Yes/No Sens (95%CI) Spec (95%CI) AUCa (95%CI) %Misca ORb (95%CI)

Total 6843 591 889 640 0.48 (0.45;0.51) 0.89 (0.88;0.89) 0.68 (0.67;0.70) 17.1%
Breast Cancer
Controls 1576 119 138 120 0.50 (0.43;0.56) 0.92 (0.91;0.93) 0.71 (0.68;0.74) 13.2% 1
Cases 1199 142 193 149 0.49 (0.43;0.55) 0.86 (0.84;0.88) 0.67 (0.64;0.70) 20.3% 2.03 (1.67;2.46)

Prostate cancer
Controls 1563 85 188 99 0.46 (0.39;0.54) 0.89 (0.88;0.91) 0.68 (0.64;0.71) 14.8% 1
Cases 857 57 110 76 0.43 (0.34;0.52) 0.89 (0.86;0.91) 0.66 (0.61;0.70) 16.9% 0.95 (0.76;1.18)

Colorectal and stomach cancer
Controls 3139 204 326 219 0.48 (0.43;0.53) 0.91 (0.90;0.92) 0.69 (0.67;0.72) 14.0% 1
Colorectal cases 1310 157 217 157 0.50 (0.44;0.56) 0.86 (0.84;0.88) 0.68 (0.65;0.71) 20.3% 1.41 (1.20;1.64)
Stomach cases 338 31 43 39 0.44 (0.32;0.57) 0.89 (0.85;0.92) 0.66 (0.60;0.73) 18.2% 1.59 (1.20;2.10)

Educational level
University graduate 1342 49 115 65 0.43 (0.34;0.53) 0.92 (0.91;0.93) 0.68 (0.63;0.72) 11.5% 1
Secondary school 1862 151 245 153 0.50 (0.44;0.55) 0.88 (0.87;0.90) 0.69 (0.66;0.72) 16.5% 1.42 (1.17;1.72)
Primary school completed 2279 252 324 246 0.51 (0.46;0.55) 0.88 (0.86;0.89) 0.69 (0.67;0.71) 18.4% 1.68 (1.39;2.03)
Less than primary school 1360 139 205 176 0.44 (0.39;0.50) 0.87 (0.85;0.89) 0.66 (0.63;0.68) 20.3% 1.78 (1.44;2.20)

Agec

73–85 1709 116 207 164 0.41 (0.36;0.47) 0.89 (0.88;0.91) 0.65 (0.62;0.68) 16.9% 1
65–72 1710 134 231 127 0.51 (0.45;0.58) 0.88 (0.87;0.90) 0.70 (0.67;0.73) 16.3% 0.95 (0.80;1.12)
55–64 1778 155 251 182 0.46 (0.41;0.51) 0.88 (0.86;0.89) 0.67 (0.64;0.70) 18.3% 1.16 (0.98;1.37)
22–54 1646 186 200 167 0.53 (0.47;0.58) 0.89 (0.88;0.91) 0.71 (0.68;0.74) 16.7% 1.32 (1.09;1.60)

Sex
Male 3468 268 481 299 0.47 (0.43;0.51) 0.88 (0.87;0.89) 0.68 (0.65;0.70) 17.3% 1
Female 3375 323 408 341 0.49 (0.45;0.53) 0.89 (0.88;0.90) 0.69 (0.67;0.71) 16.8% 1.05 (0.93;1.19)

Length of residence
>15 years 4580 416 678 442 0.48 (0.45;0.52) 0.87 (0.86;0.88) 0.68 (0.66;0.70) 18.3% 1
11–15 years 633 50 61 55 0.48 (0.38;0.58) 0.91 (0.89;0.93) 0.69 (0.65;0.74) 14.5% 0.79 (0.64;0.98)
6–10 years 818 61 76 69 0.47 (0.38;0.56) 0.91 (0.89;0.93) 0.69 (0.65;0.74) 14.2% 0.74 (0.61;0.90)
1–5 years 622 50 56 63 0.44 (0.35;0.54) 0.92 (0.89;0.94) 0.68 (0.63;0.73) 15.0% 0.78 (0.63;0.97)
≤1 year 179 13 14 11 0.54 (0.33;0.74) 0.93 (0.88;0.96) 0.73 (0.63;0.84) 11.5% 0.56 (0.36;0.85)

a AUC: Area under the curve; %Misc: Percentage of misclassification.
b Adjusted odds ratio of misclassification, including classification (0=Correct; 1=Misclassified) as the outcome and: – case/control for breast and prostate

cancer (in two different models), educational level, age, and length of residence as independent variables to estimate the coefficients for breast and prostate cancer. –
case/control for colorectal and stomach cancer (in two different models), educational level, age, sex, and length of residence as independent variables to estimate the
coefficients for colorectal and stomach cancer. – case/control status, educational level, age, sex, and length of residence as independent variables to estimate the
coefficients for educational level, age, and sex.

c Quartiles of the distribution among controls.
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while colorectal (mean ± sd=66.77 ± 10.86) and stomach cancer
cases (mean ± sd=59.02 ± 13.25) were older than controls
(mean ± sd=66.37 ± 12.31). For these two last tumors, the per-
centage of males was bigger than the percentage of women. The per-
centage of individuals who have resided for less than 1 year was similar
for all subgroups explored except for breast cancer cases, which showed
a higher proportion of just arrived residents. The prevalence of in-
dividuals whose current residence was located at ≤1 km from any in-
dustry was lower for controls than for cases (10.9% for all controls,
17.3% for breast cancer cases, 12.1% for prostate cancer cases, 17.1%
for colorectal cancer cases, and 15.5% for stomach cancer cases). The
median distance was also smaller for cases than for controls (2.64 km
for all controls, 2.19 km for breast cancer cases, 2.20 km for prostate
cancer cases, 2.21 km for colorectal cancer cases, and 2.36 km for sto-
mach cancer cases)). Similarly, this median distance was smaller among
those who perceived living ≤1 km from an industry than among those
who perceived living>1 km for all subgroups explored (see
Supplementary Material II for data on median distance by industrial
sector).

Measures of classification accuracy (sensitivity and specificity) and
discrimination (AUC) using observed (“gold standard”) and perceived
(questionnaire) proximity to industries (≤1 km) are shown in Table 2
(by control/tumor location, educational level, age, and sex) and Table 3
(by industrial sector). As can be seen in Table 2, the capability of the
questionnaire to classify correctly those participants with residence at
≤1 km from an industrial facility (sensitivity) was limited for all sub-
groups explored (0.48 for the total population, and figures between
0.41 and 0.54 for the rest of the variables), while the validity of the
questionnaire to classify correctly those participants with residence
at> 1 km (specificity) was excellent (0.89 for the total population, and
figures between 0.86 and 0.93 for the rest of the variables). The general
capability of the questionnaire to classify the individuals into ≤1 km
or>1 km from an industrial facility was only sufficient (0.68 for the
total, and values between 0.65 and 0.73 for the rest of the variables)

according to the current cut-off points (Šimundić, 2009), mainly due to
the low sensitivity of the questionnaire. Breast cancer cases showed a
two-fold increase in the odds of misclassification with respect to con-
trols. This increase was 41% and 59% for stomach and colorectal cancer
cases, respectively. Similarly, the odds of misclassification was higher
for the youngest participants, with those aged 22–54 showing an 32%
higher odds than those aged 73–85. Additionally, the odds of mis-
classification was 78% higher among those with less than primary
school, 68% higher among those with primary school and 42% higher
among those with secondary school education than among university
graduates. Finally, when we compared with participants who resided in
the study area for> 15 years, those who reside for 11–15 years,
6–10 years, 1–5 years, and ≤ 1 year showed a 21%, 26%, 22%, and
44% lower odds of misclassification, respectively.

As for the self-reported perception of the presence of industrial fa-
cilities according to the industrial sector (Table 3), our results showed
no important aORs of misclassification for industries of inorganic che-
mical sectors, mining, non-hazardous waste, combustion, and cement
and lime in concordance with the higher sensitivity, specificity, and
AUC values showed for these industrial facilities. For the rest of the
industrial sectors, the aORs were substantial and especially striking for
industries of pharmaceutical products (29 times higher odds of mis-
classification), galvanization (> 14 times) and ceramic (> 12 times),
followed by installations belonging to the surface treatment using or-
ganic solvents, urban waste-water treatment, food and beverage, ship
building, surface treatment of metals and plastic, hazardous waste, and
paper and wood production sectors (with odds of misclassification be-
tween 5 and 8 times bigger). In all cases, the high misclassification risk
was explained by the low awareness of the individuals in the sample
about their proximity to industries (low sensitivity of the ques-
tionnaire). Specificity was the same for all industrial types, since the
question on self-reported proximity to industries did not differentiate
by sectors.

The stratified analyses by case-control status (Table 4) revealed that

Table 3
Measures of classification accuracy (sensitivity and specificity) and discrimination (area under the curve and adjusted odds ratio) of misclassification using observed
(“gold standard”) and perceived (questionnaire) proximity to industries (≤1km) by industrial sector.

Observed/Perceived ≤1 km

No/Noa Yes/Yes No/Yesa Yes/No Sensitivity
(95%CI)

Specificity
(95%CI)

AUCb (95%CI) %Miscb aORc (95%CI)

Industrial sector
Any industrial sector 6843 591 889 640 0.48 (0.45;0.51) 0.89 (0.88;0.89) 0.68 (0.67;0.70) 17.1% 7.49 (6.50;8.64)
Combustion installations 6843 36 889 11 0.77 (0.62;0.88) 0.89 (0.88;0.89) 0.83 (0.76;0.89) 11.6% 1.52 (0.75;3.08)
Production and processing of metals 6843 174 889 90 0.66 (0.60;0.72) 0.89 (0.88;0.89) 0.77 (0.74;0.80) 12.2% 3.83 (2.85;5.14)
Galvanization 6843 15 889 22 0.41 (0.25;0.58) 0.89 (0.88;0.89) 0.65 (0.56;0.73) 11.7% 14.14 (6.78;29.47)
Surface treatment of metals and plastic 6843 165 889 206 0.44 (0.39;0.50) 0.89 (0.88;0.89) 0.66 (0.64;0.69) 13.5% 6.67 (5.29;8.41)
Mining industry 6843 31 889 4 0.89 (0.73;0.97) 0.89 (0.88;0.89) 0.89 (0.83;0.94) 11.5% 1.32 (0.45;3.85)
Cement and lime 6843 27 889 6 0.82 (0.65;0.93) 0.89 (0.88;0.89) 0.85 (0.78;0.92) 11.5% 2.15 (0.87;5.36)
Glass and mineral fibers 6843 30 889 23 0.57 (0.42;0.70) 0.89 (0.88;0.89) 0.73 (0.66;0.79) 11.7% 2.38 (1.35;4.18)
Ceramic 6843 23 889 34 0.40 (0.28;0.54) 0.89 (0.88;0.89) 0.64 (0.58;0.71) 11.9% 12.73 (7.22;22.44)
Organic chemical industry 6843 56 889 44 0.56 (0.46;0.66) 0.89 (0.88;0.89) 0.72 (0.67;0.77) 11.9% 3.88 (2.54;5.94)
Inorganic chemical industry 6843 5 889 1 0.83 (0.36;1.00) 0.89 (0.88;0.89) 0.86 (0.70;1.00) 11.5% 0.75 (0.09;6.59)
Pharmaceutical products 6843 41 889 151 0.21 (0.16;0.28) 0.89 (0.88;0.89) 0.55 (0.52;0.58) 13.1% 29.02 (19.52;43.14)
Hazardous waste 6843 53 889 45 0.54 (0.44;0.64) 0.89 (0.88;0.89) 0.71 (0.66;0.76) 11.9% 5.35 (3.42;8.36)
Non-hazardous waste 6843 8 889 2 0.80 (0.44;0.97) 0.89 (0.88;0.89) 0.84 (0.71;0.97) 11.5% 1.49 (0.31;7.23)
Disposal or recycling of animal waste 6843 23 889 18 0.56 (0.40;0.72) 0.89 (0.88;0.89) 0.72 (0.65;0.80) 11.7% 2.54 (1.34;4.81)
Urban waste-water treatment plants 6843 9 889 18 0.33 (0.17;0.54) 0.89 (0.88;0.89) 0.61 (0.52;0.70) 11.7% 7.62 (3.33;17.45)
Paper and wood production 6843 42 889 34 0.55 (0.43;0.67) 0.89 (0.88;0.89) 0.72 (0.66;0.78) 11.8% 5.18 (3.14;8.55)
Food and beverage sector 6843 48 889 39 0.55 (0.44;0.66) 0.89 (0.88;0.89) 0.72 (0.67;0.77) 11.9% 7.59 (4.81;11.96)
Surface treatment using organic
solvents

6843 66 889 56 0.54 (0.45;0.63) 0.89 (0.88;0.89) 0.71 (0.67;0.76) 12.0% 7.66 (5.09;11.52)

Ship building 6843 19 889 17 0.53 (0.35;0.70) 0.89 (0.88;0.89) 0.71 (0.62;0.79) 11.7% 7.53 (3.74;15.19)

a Since the self-perception question is not sector-specific, those who report not living close (n= 6843) and those who report living near (n= 889) to an industrial
facility among the total number of individuals who do not reside at ≤1 km from an industrial facility (n=7732) are the same for all industrial sectors.

b AUC: Area under the curve; %Misc: Percentage of misclassification.
c Adjusted odds ratio of misclassification, including classification (0=Correct; 1=Misclassified) as the outcome, proximity to each industrial group as the main

exposure, and case/control, educational level, age, sex, and length of residence as potential confounders.
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there are differences between cases and controls regarding the aORs of
misclassification by educational level, sex and some industrial sectors.
Even if the direction of the aOR of misclassification by educational level
was the same for both groups it seemed to be stronger among controls.
The same happened to the industrial sectors: those with the highest
aORs of misclassification were the same for both cases and for controls,
but the magnitude of the association was significantly smaller among
cases. As for the case of sex, the risk of misclassification was higher in
women than in men but only among the cases.

Finally, the results revealed that the ORs of misclassification for
breast, prostate, colorectal, and stomach cancer were stronger when
using the real distance to industrial facilities (aORbreast (95%CI): 1.88
(1.53;2.33); aORprostate(95%CI): 1.13 (0.87;1.48); aORcolorectal (95%CI):
1.55 (1.30;1.84); ORstomach (95%CI): 2.23 (1.62;3.08)) than when using
the self-reported distance (aORbreast (95%CI): 1.64 (1.36;1.98);
aORprostate (95%CI): 0.86 (0.68;1.08); aORcolorectal (95%CI): 1.60
(1.36;1.87); ORstomach (95%CI): 1.30 (0.98;1.74)) (data only shown in
the text).

4. Discussion

To our knowledge, this is the first study assessing the concordance
between observational (real) and self-reported measures of proximity to
industries from different sectors. In summary, sensitivity of the ques-
tionnaire (capability to classify correctly proximity to industries) was
limited, whereas specificity (capability to classify correctly non-proxi-
mity to industries) was excellent. The risk of misclassification was
higher among cases of breast, colorectal, and stomach cancer, among
the youngest participants, those with lower education, individuals more
rooted in the study area and for industries of pharmaceutical products,
galvanization, ceramic, surface treatment using organic solvents, urban
waste-water treatment, food and beverage, ship building, surface
treatment of metals and plastic, hazardous waste, and paper and wood
production sectors. The misclassification resulting from the self-per-
ceived proximity to industrial facilities biased the associations with
cancer risk towards the null hypothesis for all explored types of cancer.

Breast cancer cases and, to a lesser extent, colorectal, and stomach
cancer cases, showed a higher risk of misclassification than controls
after adjusting for education, age, sex, and length of residence. A priori,
it would be expected a better accuracy in discriminating the proximity
to pollution sources and a certain tendency to overestimate the ex-
posure among cases since, after the diagnosis, cancer patients overthink
about past exposures that might be related to the disease (Coughlin,
1990). This is true for colorectal cancer cases that showed a lower
underestimation of the exposure (higher sensitivity) and a higher
overestimation the exposure (lower specificity). Breast and stomach
cancer cases showed lower sensitivity and lower specificity than con-
trols, showing that in these groups, both exposure and non-exposure are
partially wrongly classified. As for the case of prostate cancer, cases
showed lower sensibility and same specificity than controls, suggesting
that in this group only the exposure is underestimated. The stronger
aOR of breast, prostate, colorectal, and stomach cancer risk observed
when using the measured vs. self-reported distance to industrial facil-
ities is concordant with sensitivity and specificity data. Sensitivity is
bad for all groups. Therefore, many cases living near an industrial fa-
cility do not report proximity to pollutant sources, which biases the risk
towards the null. Even though the lower specificity indicates an over-
estimation of the exposure that might positively bias the risk, the ability
of the questionnaire to classify correctly the non-exposed, was very
good. Therefore, the lower sensitivity has a bigger impact in the results
than the moderate specificity, explaining why the observed effect of
proximity to industrial facilities on cancer risk is lower when using self-
reported data.

The overestimation of exposure among diseased people (Daniau
et al., 2013a, 2013b; Piro et al., 2008) and the lower concordance be-
tween observed and self-reported neighborhood data among less

educated and younger people (Bailey et al., 2014) found in this work,
have been reported in previous studies. Our results, which indicate that
more rooted people have a higher risk of misclassification (mainly due
to an overestimation of the exposure) than those that just arrived in the
study area, are in agreement with the results published by other authors
(Shi and He, 2012). These authors claim that the length of residence is
linked to a higher self-perception of air, water and noise pollution,
which can overestimate the real exposure. On the other hand, Avruskin
et al. (Avruskin et al., 2008) claimed that the number of years in re-
sidence do not influence the agreement between the measured and self-
reported proximity estimations. In our case, we believe that a possible
explanation for this is that people who moved recently has explored
more thoroughly the area and are more conscious about their real
distance to industries.

The results by industrial sector indicated a higher awareness of
proximity to industries from the cement and lime, mining, non-ha-
zardous waste, combustion, and inorganic chemical sectors, which can
be explained by different factors. Some of these industrial sectors, such
as mining or combustion installations, are located in northern areas of
Spain, which have a long tradition of industrial production and group
different type of industries in specific zones. In a sensitivity analysis
(data not shown), we found that the percentage of misclassification
decreased as the number of close industries increased (percentage of
misclassification: 60%, 43%, and 36% for proximity to one, two, and
three or more industrial facilities respectively). In relation to mining,
some authors have found a greater perception of pollution in residents
living in coal mine areas (Shi and He, 2012) possibly due to the eco-
nomical and working dependence of the inhabitants of these areas of
this industrial activity. Another explanation can be the great extension
of these industrial areas and the high visibility of the equipment used
for their exploitation. In the case of combustion or cement plants, they
have tall smokestacks, which are visible from large distances by the
nearest populations. Concerning non-hazardous waste industries, the
malodorous emissions they release have a large radius of spread (Cheng
et al., 2019), so populations residing close to these pollution sources
could be more aware of their presence nearby. On the other hand, their
poor visibility and their small smokestacks can explain the lack of
awareness of residential proximity to industries of pharmaceutical
products, galvanization, and ceramic.

Some authors have previously focused the problem of validation of
self-reported exposure to traffic-related pollution exclusively (Cesaroni
et al., 2008; Gunier et al., 2006; Heinrich et al., 2005), proximity to
crops (Avruskin et al., 2008; Rull et al., 2006), or occupational ex-
posures (Hu et al., 2002; Perry et al., 2006). Some of these studies re-
port a good agreement between self-reported and real measurements
(Cesaroni et al., 2008; Gunier et al., 2006; Heinrich et al., 2005; Hu
et al., 2002) while others claim that the validity of self-reported data is
weak (Avruskin et al., 2008; Perry et al., 2006; Rull et al., 2006). In
relation to industrial pollution sources, there are few studies and the
existing focus in a single type of activity (Shi and He, 2012) or in the
general perception of industrial pollution not considering the type of
activity (Cordioli et al., 2014). Shi et al. (Shi and He, 2012) evaluated
the association between the self-perceived air, water and noise pollu-
tion (scale of 1–5) with the real proximity to coal industries (< 1 km;
1–2 km; 2–3 km; 3–4 km; 4–5 km; and>5 km). They found no sig-
nificant correlation of measured distance to a coal mining area with
self-perceived air pollution and a slight negative relationship with self-
reported water and noise pollution. Cordioli et al. (Cordioli et al., 2014)
evaluated the association between self-reported type of zone of re-
sidence (rural/residential/industrial) and GIS-derived proxy for ex-
posure to industrial pollutants (presence/absence of emissions of total
suspended particles and volatile organic compounds into the atmo-
sphere inside three buffers within a radius of 100, 500, and 1000m
from each residence). The results showed a mild agreement between the
two methods for 100m buffer (50%) and a strong agreement for 500
(94%) and 1000m (100%) buffers. However, only 18 residences were
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within the industrial area and the conclusions were based on de-
scriptive analyses and unadjusted bivariate tests over categorical vari-
ables. In our study, the question included in the questionnaire was more
detailed, including the distance between the residence and the industry:
“Was your current residence less than 1 km from a factory or industry?”
and the gold standard was the measured Euclidean distance between
the last individual’s residence and the industrial installation.

One of the main lessons or conclusions obtained from our study is
that individuals do not perceive or identify the presence of nearby in-
dustries (low sensitivity). A similar result was presented in Marcon
et al. (2015) with a secondary result of a study of health risk perception
in environmental surveys. This study revealed that, despite the fact that
37.3% of the participants have their residence close (< 1 km) to a
chipboard or wood factory, only 5.8% reported living in industrial
areas. The differences in the measurement standard set for self-reported
and real distance might be behind this low sensitivity and the high
specificity of the question in our questionnaire. Measured distance is
calculated as the shortest straight line (Euclidean distance) between the
participant’s residence and the industrial facility. However, it is highly
probable that when participants answer the question about self-per-
ception they think about the geographical distance they need to travel
to get to the facility, which in most cases is longer than the Euclidian
distance. As a result, in most cases when the Euclidian distance is> 1
km, geographical distance also is> 1 km making participants correctly
classify themselves as further away from an industrial facility (high
specificity). However, in some cases the Euclidian distance might be
≤1 km but geographical distance might be>1 km, which makes par-
ticipants to classify themselves as further when they are ≤1 km in a
straight line from the facility (low sensitivity). Therefore, the re-
formulation of the question as “Is your current residence less than 1 km
in a straight line from a factory or industry?” might improve its sensi-
bility.

Regarding the limitations of the present study, it is important to
note that, even if we explored the validity of self-reported proximity to
industries by type of sector, the question did not differentiate by in-
dustrial activity. Therefore, sector-specific self-perception might be
biased by the number of industries in a 1 km radius or by the presence
of industries from other sectors different from the one under study. To
explore this possibility, we carried out some additional analyses ex-
cluding those individuals that reside ≤1 km from more than one in-
dustrial facilities, and the conclusions reached with the new results are
similar to those obtained with the full dataset (see Supplementary
material III). On the other hand, some industrial sectors such as in-
organic chemical industry or non-hazardous waste treatment plants
presented an insufficient number of individuals living nearby to obtain
reliable conclusions. As for the rest of the industrial sectors, numbers
are also moderate, so the analyses by industrial activity need to be
interpreted with caution and should be reproduced in future studies.
Special attention to these limitations must be paid out for the analyses
of cases and controls separately.

One of the main strengths of our study is the large sample size and
the completeness of its analyses, which consisted of an in-depth survey
study of validation stratified by tumor, educational level, sex, length of
residence, and industrial sector. Another strength was the exhaustive
process of address and industrial geocoding and validation carried out
in the study, which has allowed us to have the exact coordinates of
individuals and industrial installations.

5. Conclusions

The results showed a high specificity and a low sensitivity of the
question to classify correctly proximity to industries. Self-reported
perception to industrial facilities only partially captures the reality and
results in an underestimation of the real association between this ex-
posure and cancer risk. Therefore, the current question might be a
useful tool for hypothesis generation or pilot studies, but not for studies

testing scientific hypotheses. However, the sensitivity of the self-re-
ported data might be improved with a more specific formulation: “Is
your current residence less than 1 km in a straight line from a factory or
industry?”
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