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Systematic review and meta-analysis of cancer risks in
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OBJECTIVES: Various toxic substances can be generated from incinerators, exposing nearby residents, and epidemiological
studies have shown wide variations in risk estimates for cancer risk in populations living close to incinerators.

METHODS: Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, a liter-
ature search and systematic review were conducted to identify studies conducted on general populations exposed to environ-
mental incinerator emissions and cancer outcomes. Meta-analysis was performed according to the cancer types for which 2 or
more studies were reported. Subgroup analysis was done for sex, the exposure estimation method, the study period, and the

type of outcome.

RESULTS: Eleven studies were found for the qualitative review and meta-analysis. Seven studies had a case-control design, and
4 had a cohort design. The pooled effect size was not significant for breast, colorectal, liver, lung, lymphohematopoietic, stom-
ach, bladder, central nervous system, and laryngeal cancers, non-Hodgkin lymphoma, sarcoma, leukemia, and all cancers. In
the subgroup analysis, the pooled effect size of laryngeal cancer in females was 1.82 (95% confidence interval, 1.10 to 3.01), al-

though only 2 studies were identified.

CONCLUSIONS: The meta-analysis did not provide evidence of an increased risk for any cancer among populations living
near waste incinerators, except for laryngeal cancer in females. However, since relatively few studies were reviewed and some
cancer types showed significant increases in individual studies, this evidence needs to be updated regularly.
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INTRODUCTION

Populations living near incinerators may be exposed to various
pollutants (e.g., ash, odor, dust, or spores) [1], including carcino-

Correspondence: Kyeongmin Kwak

Department of Occupational and Environmental Medicine,
Korea University Ansan Hospital, 123 Jeokgeum-ro, Danwon-gu,
Ansan 15355, Korea

E-mail: pathfinder81@korea.ackr

Received: Jul 5,2022 / Accepted: Sep 1,2022 / Published: Sep 1, 2022
This article is available from: https://e-epih.org/

€9 This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

(© 2022, Korean Society of Epidemiology

gens such as dioxins and heavy metals [2,3]. Although regulations
on incinerators have been strengthened and pollutant emissions
and exposures are decreasing [4,5], concerns regarding the poten-
tial health effects of living near incinerators persist. To date, no
clear consensus exists on the increase in cancer risk owing to long-
term exposure to low concentrations of carcinogens [6]. Debate
continues regarding the extrapolation and application of the esti-
mated carcinogenic effect at high concentrations to the risk of
cancer in settings of low-dose exposure [7]. It is challenging to
confirm the level or even the existence of the carcinogenic thresh-
old at low concentrations of toxicants, and the estimation of carci-
nogenic risk through extrapolation is also uncertain [8].

Many studies, including well-designed ones, have reported that
living near incinerators poses a cancer risk; however, some studies
with relatively unsophisticated designs have also shown a low evi-
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dence level [9]. It is impossible and inefficient for the public and
decision-makers to review all the literature and data accumulated
to date. In addition, there is a risk of selectively obtaining and cit-
ing research results that support different claims. Thus, studies
with a high level of evidence and integrated results are warranted.

Despite a large number of systematic reviews on the risk of en-
vironmental exposure to toxicants from incinerators [10-12], no
meta-analysis has been reported. Therefore, we performed a sys-
tematic review and meta-analysis of case-control and cohort stud-
ies among populations living near incinerators, focusing on can-
cer risk.

MATERIALS AND METHODS

Study design, protocol, and registration

This systematic review and meta-analysis was performed ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [13,14]. The protocol
was registered in the International Prospective Register of Sys-
tematic Reviews on January 5, 2022 (CRD42022292049) [15].

Literature search

PubMed, Embase, and Web of Science were searched for articles
published up to December 3, 2021. The search strategy for each
database used during the literature search is shown in Table 1.
Those with duplicate data were excluded; the title and abstract
and then the full-text were checked in accordance with the inclu-
sion and exclusion criteria described below. References from the
included literature and the literature cited in the included literature
were manually checked to retrieve reports from the initial search
using the same method that was used for assessing the initial search
results. Individual studies and the corresponding extracted data
were reviewed independently by 2 unblinded authors, KB and
KK. If there were different opinions on the inclusion or exclusion
of the papers, a vote was taken by all 3 authors.

Inclusion criteria

We included studies on the increase in human cancer incidence
among general populations living near incinerators or those ex-
posed to emissions from incinerators, which provided risk estimates
and confidence intervals (CIs) for comparisons between non-
dose or low-dose exposure groups. We included studies reporting
any human cancer risk outcome. Studies with all types of inciner-
ators were searched, regardless of the construction period, gener-
ation, or incineration material. Only case-control and cohort
studies were included.

Exclusion criteria

The following studies were excluded: ecological studies; animal
studies; studies on occupational exposure to incinerator emis-
sions; studies on risk assessments or exposure assessments with-
out cancer-related data; review articles (including systematic re-
views); non-original research (such as case reports, case series,
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commentaries, and conference abstracts); and studies on general
industrial pollution wherein incinerator emissions were not eval-
uated.

Data extraction

From the included studies, data regarding the name of the first
author, publication year, sex of the participants, study design, re-
gion, size, period of the study, outcomes, exposure assessment
method, effect size, and 95% ClIs were extracted. If an exposure
was classified into several exposure levels, the effect size of the
lowest compared with that of the highest estimated exposure
group was extracted. When the exposure was classified based on
the distance from the incinerator, the effect size of the nearest area
compared with that of the farthest from the incinerator was ex-
tracted. If the effect size and CI were not provided explicitly in a
study, they were calculated using data presented in the article.
Cases in which several effect sizes were stratified by sex or age
were pooled. Among studies reporting both adjusted and unad-
justed values for confounders, the adjusted values were extracted.

Quality assessment
We evaluated each article using the Newcastle-Ottawa Scale

(NOS). The NOS contains 8-item categories in three components:
selection, comparability, and outcome (for cohort studies) or ex-
posure (for case-control studies) [16]. It is scored on a 0-point to
9-point scale, with 7-9 points indicating high quality, 4-6 points
indicating intermediate quality, and 0-3 points indicating low qual-
ity [17]. Individual studies were independently assessed by 2 au-
thors: KK and KB. If there were different opinions on whether to
include or exclude a study, a vote was taken by all authors.

Statistical analysis

The pooled effect size and the corresponding 95% ClIs were cal-
culated for each cancer type reported in at least 2 studies. The ef-
fect sizes for all cancer types were pooled. Although the outcomes
of the studies that included various cancers were heterogeneous,
this method has been previously used in the literature [18,19]. If
duplicate effect sizes were reported, the effect size for the upper
category was extracted and analyzed. Although the effect sizes
varied in terms of whether they were reported as the hazard ratio
(HR), rate ratio (RR), or odds ratio (OR), the results were pooled
together in consideration of the rare disease assumption [20]. RRs
and HRs for incidence or hospitalization from cohort studies were
pooled with ORs from case-control studies. A random-effects
model was used considering the heterogeneity of environmental
epidemiological studies [21]. The I2 statistics and p-values of the
Cochran Q test for each analysis are presented. Funnel plots and
the Egger test were used to evaluate publication bias. Meta-analy-
ses were conducted using Stata version 15 (StataCorp., College
Station, TX, USA) with the “metan” command. Publication bias
was assessed using R version 3.6.3 (https://R-project.org) with the
“metafor” package.



Baek K et al. : Meta-analysis of incinerator emissions and cancer

Table 1. Systematic review search strategy

PubMed

Embase

Web of Science (including ESCI)

#1  Incineration[mh] OR incinerat*[tiab] OR #1

thermal destruction*[tiab]

Refuse Disposal[mh:noexp] OR refuse
disposal[tiab] OR waste disposal[tiab] OR
waste plant*[tiab] OR waste treatment[tiab]
#1 OR#2

Occupational Exposure[mh:noexp] OR
Occupational Health[mh] OR occupational
exposure*[ti] OR worker*[ti]

#3 NOT #4

Neoplasms[mh] OR neoplasm*[tiab]

OR cancer*[tiab] OR tumor[tiab] OR
tumors[tiab] OR tumour*[tiab] OR
neoplasia*[tiab] OR carcinom*[tiab] OR
adenocarcinom*[tiab] OR (adenom*[tiab]
AND malignan*[tiab]) OR sarcomal[tiab] OR
sarcomas[tiab] OR adenosarcoma*|tiab] OR
carcinosarcoma*[tiab]

#5 AND #6

Risk Factors[mh:noexp] OR Risk[mh:noexp]
OR Incidence[mh] OR Mortality[mh:noexp]
OR risk[tiab] OR risks[tiab] OR incidence[tiab]
OR mortality[tiab] OR death rate*[tiab]

OR etiology[sh] OR etiology([tiab] OR
causel[tiab] OR causes|[tiab] OR caused][tiab]
OR causing[tiab] OR causative[tiab]

OR causality[tiab] OR due to[tiab] OR
epidemiol*[tiab] OR hospitalization[tiab]
OR hospitalisation[tiab] OR in hospital[tiab]
#7 AND #8

#2 #2

#3
#4

#3
#4

#5
#6

#5
#6

#7
#8

#7
#8

#9 #9

#10 (Animals[mh] NOT Humans[mh]) OR Models, #10
Animal[mh:noexp] OR Disease Models,

Animal[mh] OR Animal Experimentation[mh]
#11 Case-Control Studies[mh] OR Cohort
Studies[mh] OR case control[tiab] OR
cohort[tiab] OR follow-up[tiab] OR
longitudinalltiab] OR retrospective[tiab] OR
prospective[tiab]

#11

#12
#13

#12 English[la]
#13 #9NOT #10 AND #11 AND #12

incineration/de OR (incinerat* OR 'thermal  #1
destruction*'):ti,ab

(‘waste disposal'/exp OR (‘refuse disposal OR #2
'waste disposal' OR 'waste plant*' OR 'waste
treatment):ti,ab)

#1 OR #2 #3
(‘'occupational health'/exp OR (‘'occupational #4
exposure*' OR worker*):ti)

#3 NOT #4

neoplasm/exp OR (neoplasm* OR cancer*
OR tumor OR tumors OR tumour* OR
neoplasia* OR carcinom* OR adenocarci-
nom* OR (adenom* AND malignan*) OR
sarcoma OR sarcomas OR adenosarcoma*
OR carcinosarcoma®):ti,ab

#5
#6

#5 AND #6

risk/de OR 'risk factor'/de OR incidence/

de OR 'cancer incidence'/de OR mortality/
de OR 'cancer mortality'/de OR etiology/Ink
OR (risk OR risks OR incidence OR mortality
OR 'death rate*' OR etiology OR cause OR
causes OR caused OR causing OR causative
OR causality OR 'due to' OR epidemiol* OR
hospitali*ation OR 'in hospital'):ti,ab

#7
#8

#7 AND #8 #9

(animal/exp NOT human/exp) OR 'animal #10
model'/exp OR 'animal experiment'/exp OR
‘animal cell'/de OR 'animal tissue'/de OR'in
vitro study'/de OR 'nonhuman'/de

(‘case control study'/exp OR 'cohort
analysis'/de OR 'prospective study'/de OR
'retrospective study'/de OR 'longitudinal
study'/de OR 'follow up'/de OR (‘case control'
OR cohort OR follow-up OR longitudinal OR
retrospective OR prospective):ti,ab)
[english]/lim

#9NOT #10 AND #11 AND #12

#11

TS=(incinerat* OR "thermal destruc-
tion*")

TS=("refuse disposal" OR "waste
disposal" OR "waste plant*" OR "waste
treatment")

#1 OR #2

TI=("occupational exposure*" OR
worker¥)

#3 NOT #4

TS=(neoplasm* OR cancer* OR tumor
OR tumors OR tumour* OR neoplasia*
OR carcinom* OR adenocarcinom* OR
(adenom* AND malignan*) OR sarcoma
OR sarcomas OR adenosarcoma* OR
carcinosarcoma¥®)

#5 AND #6

TS=(risk OR risks OR incidence OR mor-
tality OR "death rate*" OR etiology OR
cause OR causes OR caused OR causing
OR causative OR causality OR "due to"
OR epidemiol* OR hospitali*ation OR
"in hospital")

TS=("case control" OR cohort OR
follow-up OR longitudinal OR retro-
spective OR prospective)

#7 AND #8 AND #9

English literature

Subgroup analysis

Ethics statement

The following subgroup analyses were performed: (1) A meta-
analysis was done with stratification by sex for studies that reported
the effect size by sex. (2) Since the method of exposure estimation
was different for each study; cases where the exposure was evaluated
by modeling emissions components were analyzed separately. (3)
A meta-analysis was performed of studies reporting the effect size
for mortality. (4) A meta-analysis was performed according to the
time of the start of exposure (before and after 2000), considering
the lower pollution emissions of recently built incinerators [11].

No ethical approval is required since this study was based on
published articles and did not involve human subjects.

RESULTS

Characteristics of the included studies
With search terms, 122 studies were identified from databases.

Sixteen studies were manually searched from citations and refer-
ences. Duplicate publications were removed, and the remaining
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Records excluded
(n=54)

Full-text articles excluded (n=31)

- Study on specific population (n=1)
- No information on cancer risk (n=2)
- No information on incinerator

emission exposure (n=11)
- Study design is neither cohort nor
case-control (n=11)

- Review article (n=1)
- Study on methodology (n=1)
- Not in English (n=2)

o Records identified through Manually searchin
2 database searching (n=122) (ny:1 7) ’
E (PubMed: 45, Embase: 49, WOS: 28)
£
S
- 4 \4
Records after duplicates removed
(n=96)
()}
(=
§ A4
S Records screened o
< (n=96)
y
= Full-text articles assessed q
E for eligibility (n=42)
=
w
\ 4
Studies included in
(M) qualitative synthesis (n=11)
©
()
E
E \ 4
= Studies included in quantitative
synthesis (meta-analysis) (n=11)

- Conference abstract (n=2)

Figure 1. Preferred Reporting Items for Systematic Re views and Meta-Analysis (PRISMA) flaw diagram of the selection of studies for the

systematic review. WOS, Web of Science.

articles were screened. We excluded 54 articles after screening
their abstracts and reviewed the full-text of 42 articles. Articles for
which we performed full-text review are presented in Supplemen-
tary Material 1. Finally, 11 articles were included in the final liter-
ature review and meta-analysis (Figure 1).

Briefly, 7 were case-control studies, and 4 were cohort studies.
The study periods spanned from 1979 to 2015. Among the cohort
studies, 1 study reported only the incidence; 2 studies reported
mortality and hospitalization; and 1 study reported mortality; in-
cidence, and hospitalization as outcomes. ORs were extracted
from the case-control studies. As for the types of incineration fa-
cilities, exposure evaluation was performed for municipal waste
in 6 studies, industrial waste in 2, and medical, municipal, sewage,
and hazardous waste in 1. There was no mention of the type of
incinerator in 1 study. One study evaluated incinerators and in-
dustrial exposure without distinction [22]; however, the incinera-
tor accounted for a large proportion of exposure, and the expo-
sure assessment (performed using dispersion modeling) was of
high quality; thus, we included this study. One case-control study
reported the modeling of the-estimated relative risk according to
the distance from the incinerator in cases based on lung cancer
autopsy results [4]. Other detailed information on each study is
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presented in Table 2. The NOS evaluation results are provided as
online Supplementary Material 2.

Effect size extraction and meta-analysis

ORs from case-control studies and RRs/HRs from cohort stud-
ies were extracted and pooled. Pronk et al. [23] reported the effect
sizes of 4 incinerators (medical, municipal, sewage, and hazard-
ous waste) and other industrial facilities. Because the exposed
populations of the 4 incinerators overlapped, the effect size (OR)
for medical waste incinerators, which caused the most exposure,
was extracted.

Forest plots presenting individual and pooled effect sizes for
breast, colorectal, liver, lung, lymphohematopoietic, and stomach
cancers, as well as non-Hodgkin lymphoma (NHL) and soft tis-
sue sarcoma, are presented in Figure 2. Forest plots for the out-
comes reported in 2 studies (bladder, central nervous system
[CNS], laryngeal cancers, leukemia, and all cancers) are presented
in Figure 3. The meta-analytic pooled effect sizes for all cancer
types combined are shown in Supplementary Material 3. A funnel
plot and coefficient from the Egger test are presented in Supple-
mentary Material 4.
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Cancertype and studyname

Breast
Ancona C (2015) Female
Ranzi A (2011) Female

%

exp(b) (95% Cl) Weight

1.13 (1.00, 1.27)
0.76 (0.51, 1.13)

36.95
21.88

Viel JF (2008) = 60
Viel JF (2008) 20-59

VoPham T (2020)

Subgroup, DL (I = 60.3%, p = 0.039)

Colorectal

Ancona C (2015) Male

Ancona C (2015) Female

Ranzi A (2011) Female

Ranzi A (2011) Male

Romanelli AM (2019) Male
Romanelli AM {2019) Female
Subgroup, DL (I? =0.0%, p=0.814)

Liver

Ancona C (2015) Male
Ancona C (2015) Female
Ranzi A (2011) Female

Ranzi A (2011) Male
Romanelli AM (2019) Male
Romanelli AM (2019) Female

Subgroup, DL (I = 27.2%, p = 0.230)

Lung

Ancona C (2015) Male

Ancona C (2015) Female

Ranzi A (2011) Female

Ranzi A (2011) Male

Romanelli AM (2019) Male
Romanelli AM (2019) Female
Subgroup, DL (I" = 0.0%, p=0.677)

1.11(0.70,1.77)  24.93
0.94 (0.55, 1.60) 21.06
1.05(0.78, 1.41) 100.00

1.01 (0.86, 1.18) 51.93
0.98(0.72,1.33) 13.80
0.81(0.27, 2.42) 1.08
0.96 (0.61, 1.52) 6.23
0.87 (0.67,1.12) 19.69
1.34 (0.88, 2.05) 7.27

0.99(0.88, 1.11) 100.00

= ' 0.31(0.09,1.03)  4.69

0.88 (0.43, 1.80) 10.98

1.39(1.00, 1.93) 25.50

1.00 (0.76, 1.32) 100.00

0.89(0.72, 1.11)  29.71

0.87 (067, 1.13) 19.71

1.33(0.71,2.49)  3.56

1.00 (0.57, 1.75)  4.42

0.95(0.74,1.22) 22.27

0.83 (0.64, 1.08) 20.33

0.90 (0.80, 1.02) 100.00

0.73 (0.42, 1.27) 20.07

: 1.55 (1.02, 2.35) 28.50

: 0.94 (0.20, 4.47)  3.48

. 0.26 (0.03,2.13)  1.96
| I | I | I |
A2 5 2 5 10

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 3. Forest plot of studies included in the meta-analysis of living close to an incinerator and the risk of cancer reported in 2 studies by
cancer type. exp(b), indicates effect size of each study; Cl, confidence interval.

Summary by cancer type
Breast cancer

The risk of breast cancer was reported in 4 studies, all performed
in females. VoPham et al. [24] reported that the incidence of breast
cancer was significantly higher in individuals living near incinera-
tors among a prospective cohort of nurses. For individuals living
within 3 km, 5 km, and 10 km of municipal solid waste incinera-
tors, the HRs were 1.20 (95% CI, 0.86 to 1.68), 1.25 (95% CI, 1.04
to 1.52), and 1.15 (95% CI, 1.03 to 1.28), respectively. The HRs
tended to increase as the period of residence near the incinerator
increased. Compared with the group without a period of residence
at a distance of 3 km near municipal solid waste incinerators, the
HR increased by 1.07 (95% CI, 0.77 to 1.49) for 1-6 years and 1.39
(95% CI, 1.00 to 1.93) for those with more than 6 years of residence.
In a case-control study conducted by Viel et al. [25], the results
were stratified between the 20-year to 59-year and > 60-year age
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groups, and no significant relationship with residence near incin-
erators was found in either group. Two retrospective cohort stud-
ies did not confirm a significant relationship [26,27]. The pooled
effect size was not significant.

Non-Hodgkin lymphoma

In a case-control study conducted in France by Floret et al. [28],
there was a significantly higher incidence of NHL in individuals
living near incinerators. In another case-control study from the
United States no significant difference was identified in a case-
control study reported later [23]. Two retrospective cohort studies
reported risk estimates for NHL. Romanelli et al. [29] reported no
significant increase in the HRs, while Ranzi et al. [27] reported
that the risk of NHL was significantly lower in males living near
incinerators. The pooled effect size was not significant.
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Soft tissue sarcoma

In a case-control study conducted by Comba et al. [30], the OR
for soft tissue sarcoma was calculated according to the distance
from an incinerator, and the result obtained was significant (OR,
31.4; 95% CI, 5.6 to 176.1) for the group living within 2 km of an
incinerator compared to the group living more than 5 km away.
There were 5 cases and 1 control in the group residing within 2 km
of an incinerator and 7 cases and 44 controls in the group residing
more than 5 km away.

In 2007, Zambon et al. [22] conducted a case-control study in
Italy and calculated the OR considering the estimated dioxin ex-
posure level and period through dispersion modeling. The study
included 172 patients and 405 controls. The OR (3.30; 95% CI,
1.24 to 8.77) was significantly higher in the group exposed to
>6 fg/m’ of polychlorinated dibenzo-p-dioxins and dibenzofurans
for more than 32 years than in the group exposed to <4 fg/m’ of
polychlorinated dibenzo-p-dioxins and dibenzofurans for less
than 32 years. Ten cases and 44 controls were exposed to <4 fg/m’
of dioxin for less than 32 years, while 20 cases and 26 controls in
the control group were exposed to > 6 fg/m” of dioxin for > 6 years.
In the assessment that did not consider the exposure period, a
significant result (OR, 2.41; 95% CI, 1.04 to 5.59) was reported in
the female group with exposure to > 6 fg/m’ of dioxin compared
to that in the group with exposure to <4 fg/m’ of dioxin. However,
in the study by Benedetti et al. [31], residential history was classi-
fied in various manners, but no significant increase was observed
with any method. The OR calculated in the exposure group for
the population exposed after 1961, excluding 10 years before the
diagnosis, was 0.81 (95% CI, 0.46 to 1.43); when the time-window
and high exposure period (1961-1991) ere considered in the ex-
posure history, the analysis showed no significant decrease in risk
(OR, 0.57; 95% CI, 0.27 to 1.21). The pooled effect size was not
significant.

Colorectal, stomach, lymphohematopoietic, and liver cancers
Colorectal, stomach, lymphohematopoietic, and liver cancers
were reported in 3 retrospective cohort studies [26,27,29] that an-
alyzed various cancers; no significant increase in the incidence or
mortality was observed in individual studies. All 3 studies were
conducted in Italy. Ancona et al. [26] reported the outcomes in
Rome based on data from the regional hospital information sys-
tem and the regional registry of causes of death. Ranzi et al. [27]
used data from the cancer database, hospital admissions database,
and regional mortality database in Forli. Romanelli et al. [29] re-
ported cancer outcomes based on the regional hospital informa-
tion system and regional mortality registry data in Pisa. In all
3 studies, codes from the International Classification of Diseases
(ICD), ninth revision, were used to analyze the cancer type as a
health outcome. The pooled effect sizes were not significant.

Lung cancer
Three retrospective cohort studies [26,27,29] reported non-sig-
nificant changes in lung cancer-specific incidence or mortality.

The pooled effect size was not significant. There was no signifi-
cant increase in the pooled effect size in the meta-analysis.

Biggeri et al. [4] conducted a case-control study that analyzed
the change in relative risk according to the distance from the city
center, an iron foundry, a shipyard, and an incinerator, with mod-
eling conducted through a point source analysis. Even after adjust-
ments for individual risk factors, the maximum OR (5.9, p < 0.001)
was estimated at the point of the incinerator and decreased sharp-
ly with distance. However, because this value was not the actual
outcome of research and the case definition was death (autopsy),
we excluded this study from the meta-analysis presented in Fig-
ure 2. This study was pooled in the subgroup meta-analysis for
mortality.

Laryngeal cancer, bladder cancer, central nervous system
cancer, and leukemia

Two studies reported the effect size of living near incinerators
on laryngeal cancer incidence. A significant increase in laryngeal
cancer-specific mortality and hospital admissions was reported
among females in a retrospective cohort study conducted by An-
cona et al. [26]. Significant differences in mortality (OR, 1.92; 95%
CI, 1.16 to 3.19) and hospital admissions (OR, 1.83, 95% CI, 1.09
to 3.06) were reported among the females exposed to waste incin-
erator emissions in the cohort. Exposure estimation was modeled
using particulate matter less than 10 um (PM,,). The OR was cal-
culated as the difference between the 95th and 5th percentiles. No
significant elevation in mortality or hospital admissions was ob-
served among males. Ranzi et al. [27] reported a non-significant
association between laryngeal cancer risk and living close to in-
cinerators. Exposure estimation was performed using dispersion
modeling for heavy metal exposure. RRs were calculated by strati-
fying the estimated exposure by quartiles. The number of cases
identified as laryngeal cancer was 18 in the first quartile of expo-
sure and 1 in the fourth quartile of exposure. Among males, the
RR was 0.15 (95% CI, 0.02 to 1.13). The incidence of laryngeal
cancer was 2 in the first quartile of exposure and 1 in the fourth
quartile of exposure; and the RR was 1.60 (95% CI, 0.15 to 17.35).
In the same study, the RR for mortality could not be calculated
because there were no deaths in the first and fourth quartiles
among females, while 0 deaths and 6 deaths were observed in the
fourth and first quartiles among males, respectively.

Two retrospective cohort studies [26,27] analyzed the risk of
bladder cancer in relation to living near incinerators and found
no significant results. The results were shown for males and fe-
males separately.

CNS cancer was analyzed in 2 retrospective cohort studies
[27,29]. In a study with dispersion modeling for heavy metal ex-
posure [27], the risk excess was not significant (RR, 1.35; 95% CI,
0.34 to 5.39) among males comparing the groups with the lowest
and highest exposures. No cases were identified in the highest ex-
posure group among females. Romanelli et al. [29] reported a
non-significant increase in the incidence of CNS cancer in males
(HR, 1.87;95% CI, 0.54 to 6.44) and a non-significant reduction
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in CNS cancer incidence in females (HR, 0.38; 95% CI, 014 to
1.05).

Some studies reported the risk of leukemia and myeloma sepa-
rately from that of lymphohematopoietic cancer. Leukemia was
reported in 2 studies [27,29], and the risk was presented separate-
ly for males and females; however, no significant difference was
found in effect size.

All cancers

Studies reporting the risk for all cancers in the original text were
analyzed. Two studies calculated the effect size by integrating all
types of cancers. Two retrospective cohort studies [26,27] report-
ed the effect size of all cancers based on ICD codes among cohort
participants. One study used ICD codes 140-239 to define all can-
cers [27], while another study used ICD codes 140-208 [26]. The
effect size was presented separately by sex. In the meta-analysis,
the 95% CI for the pooled effect size overlapped with the null hy-
pothesis.

Although the heterogeneity of the outcome was severe, in the
meta-analysis process, the effect size of incidence was pooled re-
gardless of the type of cancer. The pooled effect size was 1.00 (95%
CI, 0.94 to 1.06), which was not statistically significant.

Subgroup analysis

The results of the subgroup analysis are presented in Supple-
mentary Material 5. In the meta-analysis that analyzed only the
mortality outcome, a significant increase or decrease in the effect
size was not observed. No significant increase or decrease in the
effect size was observed in the meta-analysis of studies that esti-
mated exposure through modeling. When stratified based on the
study period (time of enrollment), the effect size for cancer did
not show a statistically significant result.

In the subgroup analysis by sex, the risk of laryngeal cancer was
significantly increased in females (effect size, 1.82; 95% CI, 1.10 to
3.01) with pooled results from 2 studies. Except for laryngeal can-
cer in females, there were no statistically significant results in the
analysis stratified by sex.

DISCUSSION

The articles reviewed in this study were case-control and cohort
studies, which are regarded to have relatively high epidemiological
evidence levels among observational study designs. However, the
results were inconsistent and varied, which could cause confusion
among the public and experts; thus, the need for quantitative pool-
ing of studies has been raised. We conducted a systematic review
and meta-analysis of 11 studies presenting the risk of cancer in
general populations living near incinerators. There have been re-
ports of clusters of various cancer types related to residence near a
waste management site [32], and research continues to be conduct-
ed on the increase in cancer incidence in populations residing near
incinerators. Individual studies have reported increases in the risk
of sarcoma [30], NHL [28], lung cancer [4], laryngeal cancer, and
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pancreatic cancer [26]. No significant results were noted in a me-
ta-analysis of cancers identified in 2 or more studies. In the sub-
group analysis, the pooled risk of laryngeal cancer in females re-
ported in two studies showed statistically significant results, though
only 2 studies presented data on laryngeal cancer risk in females.
Associations of laryngeal cancer with dioxins [33], PM,, [34], and
heavy metals [35] have been reported. Although epidemiological-
ly, laryngeal cancer is a rare disease, it has been suggested to be
related to residence near an incinerator since 1990; however, the
evidence for this has not been sufficient [36]. There have also been
inconsistencies in the evidence gathered since then. Several studies
that were not included in this systematic review process due to
their ecological study design have reported changes in the risk of
laryngeal cancer with residence near an incinerator. One study
showed that distance from a plant with an incinerator was associ-
ated with the standardized mortality ratio for laryngeal cancer,
with an increasing pattern as the distance decreased from the plant
area (p=0.03). However, this result became insignificant after ad-
justing for socioeconomic status (p=0.06) [37]. Other ecological-
design studies reported no significant change [38] or decrease [39]
in the association between the risk of laryngeal cancer and living
near an incinerator. The quality of evidence and the direction of
effects reported in various studies vary; thus, there is a risk of se-
lective selection in research and the media. Although our study
did not draw a clear conclusion, it will help in decision-making
and set directions for future research by presenting results with a
relatively high evidence level and suggesting a pooled effect. The
effect of exposure caused by incinerator emissions on laryngeal
cancer requires further investigation, and the accumulation of ev-
idence should be continuously monitored.

The substances emitted by incinerators include PM,,, dioxins,
heavy metals, and nitric oxide (NO) and nitrogen dioxide (NO,).
Although there are some critical views on the carcinogenic effects
of dioxin-like compounds [7,8], it is widely accepted that they
pose a cancer risk, according to studies on high-dose exposure
groups, such as workers or residents exposed to the Seveso acci-
dent [40-42]. The International Agency for Research on Cancer
reported that there was sufficient evidence for the carcinogenic ef-
fect of 2, 3, 7, 8-tetrachlorodibenzo-para-dioxin for all cancers
combined and limited evidence with respect to lung cancer, soft
tissue sarcoma, and NHL among individual cancers in humans
[43,44]. Studies have sporadically reported the association of di-
oxin exposure with other cancers, such as breast and rectal can-
cers [45,46]. However, it is difficult to confirm the dose-response
curve and threshold for extrapolation to low-dose exposure [47].
Similarly, heavy metals, such as cadmium, arsenic, and chromi-
um, are widely known carcinogens for lung cancer that can be
generated in incinerators [48]. Nonetheless, recent studies on en-
vironmental exposure to flue gas near incinerators have shown
that levels of pollutants are not substantially higher near incinera-
tors than in the general atmosphere [49]. Even if exposure is
higher than in a non-exposed area, it is difficult to assess the effect
of long-term exposure to low concentrations of carcinogens in the
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environment. Although some studies have estimated the risk
through substance exposure assessment [50], estimating the risk
without epidemiological evidence is insufficient, and these uncer-
tainties cause various obstacles to risk perception and risk com-
munication in residences and establishments around incinerators
[17,51,52].

In epidemiological studies of environmental factors, exposure
assessment for individuals is a challenging process [53] and has
been reported heterogeneously in various studies [54]. For instance,
Goria et al. [55] recommended using dispersion modeling to esti-
mate exposure rather than the distance from the source because
the results may depend on the exposure assessment methodology
used in the analysis of the same data. In general, in spatial analysis,
carcinogenic contaminants other than those produced by incin-
erators may coexist, and attempts have been made to use disper-
sion modeling to overcome this issue [26,29]. Various substances
are generated from incinerators, and exposure estimates for car-
cinogens, such as dioxins, vary depending on incinerator usage
and weather conditions; thus, risk assessment is difficult owing to
the high level of uncertainty [10]. In the studies included in this
review, distance from the source, region, and dispersion modeling
were used to assess individual exposure. However, the indicator
materials used for dispersion modeling were diverse, such as di-
oxins, heavy metals, PM,,, and NOx, and the modeling methods
were heterogeneous. No single tool has been optimized for assess-
ing carcinogens or other toxicants around incinerators. The sub-
group analysis was performed by pooling only cases where expo-
sure was estimated by modeling, regardless of the modeling meth-
od; however, there was no change in the trend of the results. A
more detailed subgroup analysis according to the exposure assess-
ment method is needed, but it was impossible to proceed further
because the number of studies was insufficient to stratify the meth-
od of exposure assessment.

It is difficult to conclude that incinerator emission exposure is
not associated with an increase in other cancer risks based on the
results of this study alone. In our review, studies from Italy (n=7),
France (n=2), and the United States (n=2) were included. The
European Union began to regulate incinerator emissions in ear-
nest from the early 1990s [56], and in the United States, the regu-
lation of incinerators was strengthened after 1995 [57]. Moreover,
the degree of regulation and incineration materials are different
for each country, resulting in a trend of differences in emissions.
The studies included in this meta-analysis were conducted in
countries with relatively strong regulations; therefore, the expo-
sure levels were expected to be relatively low [58]. Studies with
large weights, such as in our meta-analysis, are relatively recent,
and timed after strict emission regulations were implemented in
Europe and the United States. It is possible that the carcinogenic
effect size may have been underestimated due to the relatively low
exposure to emissions in the group classified as “high exposure”
It is necessary to update research results for regions with a rela-
tively high exposure level of pollutants caused by emissions, such
as underdeveloped or developing countries. In addition, most

studies classified exposure groups based on the place of residence,
and even if precise modeling is performed, individual exposure
cannot be perfectly estimated. Even given these technical diffi-
culties, there are still insufficient studies that have directly meas-
ured exposures or estimated exposures using biological exposure
markers.

The limitations of this meta-analysis are that there were varia-
tions in the design (participants, exposure estimation, compara-
tor, and outcome) among the studies, and the number of included
articles was relatively small. Studies involving different periods,
countries, types of incinerators, and incinerated materials were
pooled. There are differences in the definitions of disease outcomes
in the literature; for instance, the prevalence of sarcoma was low
and there were a variety of types. In 1 study, lymphatic vessel sar-
coma, nerve sheath sarcoma, and alveolar sarcoma were included
in the extraction process using the ICD for Oncology-II mor-
phology code [22], whereas in another study, it was not included
[30]. Two studies reported “all cancer” risk, using different selec-
tion criteria [26,27]. In addition, there were differences in the
confirmation of cancer outcomes across studies, as exemplified by
the use of medical reviews, cancer registries, questionnaires, or
biopsies and autopsies. Nevertheless, it was difficult to perform
meta-regression or further stratified subgroup analyses for various
factors because few studies have reported the effect size for each
cancer. Although a subgroup analysis was performed based on
sex, important general characteristics, such as age, country, and
race/ethnicity, were not stratified. Another limitation is that a
stratified analysis was not performed on the generation of incin-
erators, although it was attempted to supplement this gap by
stratification according to the enrollment dates of the study sub-
jects.

Moreover, there was a risk of bias in each study’s use of spatial
data as exposure variables. Due to the nature of spatial analyses
linked to addresses, there was a risk of selection and ecological
bias in reflecting actual individual exposure [21,59]. Several stud-
ies have been conducted on dioxin biomonitoring near incinera-
tors; however, it was difficult to find case-control or cohort studies
reporting both individual biomonitoring and cancer risk.

Atmospheric exposure to toxicants is low compared to work-
place standards; however, continuing exposure to air pollutants,
such as PM,, and dioxin, can cause various subclinical health ef-
fects [60,61]; thus, concerns regarding the cancer risk of individu-
als residing near incinerators persist [62]. Authorities such as the
US National Research Council [63] insist that the actual health
risk of individuals residing near modern incinerators is minimal
to moderate in normal, controlled operating conditions; nonethe-
less, uncertainty and potential risk remain. To overcome these
uncertainties, continuing epidemiological and mechanistic stud-
ies, as well as systematic literature reviews of such studies, are re-
quired to provide more clear information to the public and poli-
cy-makers. It is encouraging that studies with a high evidence lev-
el that synthesize various disease data, such as health insurance
data and cancer registration data, and atmospheric modeling data
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are being conducted, and evidence should continue to be collect-
ed and updated. The systematic search strategy used herein con-
stitutes a resource for regular literature searchers using the sug-
gested strategy to keep results up to date.

CONCLUSION

Several systematic reviews on the health risks, including cancer
risks, and health effects of living near incinerators have been pre-
viously conducted; however, a quantitative synthesis has not yet
been performed. So far, there is a lack of evidence of elevated risk
of specific cancers after pooling the effect sizes by cancer type, ex-
cept for laryngeal cancer in females. However, the evidence for
each cancer type is relatively small-scale; therefore, it is difficult to
conclude that sufficient evidence has been gathered. It is necessary
to monitor and update the evidence on a regular basis in the fu-
ture.
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