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Abstract 

 In the past two decades, thyroid cancer incidence has increased at a rate faster than any 

other malignancy. Environmental contamination has been a suspected risk factor in this trend. 

One potential source of environmental exposures is pollution from industrial manufacturing 

facilities. We investigated whether proximity to industrial facilities was associated with an 

increased risk of thyroid cancer in an exploratory analysis within an existing population-based 

case-control study in Connecticut using a novel data resource.  

 Complete residential histories of 408 thyroid cancer cases and 470 controls were 

collected and geocoded. Manufacturing facility addresses were gathered from a novel source of 

publicly available data, the Connecticut Point Source Inventory, and categorized by 2-digit 

Standard Industrial Classification (SIC) code from the years 1990-2009. Binary proximity 

exposure metrics were created and were defined as ever having lived within 5 km or 2 km of a 

facility in any manufacturing sector. Additional facility-specific binary markers were created that 

defined if an individual had ever lived within 5 km or 2 km of each specific SIC explored in this 

study (20-38).  

Additionally, for each participant, a cumulative inverse distance-weighted (IDW) metric 

was calculated for all facilities within 5 km of all residences lived in between 1990 and 2009. 

SIC-specific IDW metrics were also created. Odds ratios (OR) and confidence intervals (CI) 

detailing the relationship between each proximity metric and thyroid cancer were calculated 

using logistic regression, adjusting for potential confounders. Cumulative IDW was evaluated as 

a continuous variable, a natural-log-transformed variable, and as a categorical variable.  

In both unadjusted and adjusted analyses, nonsignificant elevated risk estimates were 

observed among individuals who lived within either 5 km (adjusted OR = 1.15, 95% CI: 0.86 – 

1.54) or 2 km of chemical facilities (SIC 28, adjusted OR = 1.20, 95% CI: 0.84 – 1.73). After 

adjustment, ever having lived within 5 km of lumber and wood products facilities (SIC 24, OR = 

0.64, 95% CI: 0.43 – 0.94) or within 2 km of transportation equipment facilities (SIC 37, OR = 

0.54, 95% CI: 0.31 – 0.96) was associated with decreased risk of thyroid cancer. All other 

associations were null. Analyses of the cumulative IDW exposure data revealed similar results. 

 The results of this exploratory analysis do not appear to support a link between residential 

proximity to manufacturing facilities and increased risk of thyroid cancer. However, this study 
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was limited by crude proximity metrics and imprecise recall of residential histories, which 

potentially led to exposure misclassification. Future studies could refine exposure metrics by 

incorporating emissions and meteorological data or by refining the accuracy of the residential 

addresses. 

  

Introduction 

In recent years, the incidence of thyroid cancer has increased at a faster rate than any 

other malignancy, especially in women.
1
 In 1988, the incidence rate of thyroid cancer among 

women was 6.88 cases/100,000 individuals; from there it doubled to 13.42 in 2002 and is rapidly 

approaching another doubling, with rates of 21.67 in 2012.
1
 Though it is not often a deadly 

disease (death rates < 0.5/100,000 from 1975-2012 for both genders, > 90% survival after 20 

years),
1
 there are significant costs associated with the surveillance, diagnosis, and treatment of 

these cancers. Additionally, individuals with differentiated thyroid cancer have a greater chance 

of developing secondary malignancies and a lower quality of life.
2,3 

The etiology of thyroid cancer remains largely unclear. Though some of this increased 

incidence is likely partially explained by increasing diagnostic capabilities, increased access to 

care, and overdiagnosis, recent evidence has suggested that environmental exposures may 

constitute between 30-50% of new incident cases.
4,5

 Radiation, diet, and chemical exposures are 

just a few of the many ways thyroid function can be modulated.
6
 For example, exposure to 

radiation through environmental disasters such as Chernobyl or through diagnostic radiography 

such as computed tomography scanning and nuclear medicine imaging have been shown to 

increase an individual’s odds of thyroid cancer.
5,7

 Additionally, studies have demonstrated that 

women consuming high levels of nitrites from contaminated water and processed meats have an 

increased risk of thyroid cancer.
8
  

In addition to the aforementioned exposures, an increasing range of industrial chemicals 

frequently present in the environment has been shown to interfere with typical thyroid function. 

Chemicals within the family of polyhalogenated aromatic hydrocarbons (PHAHs), such as 

polychlorinated biphenyls (PCBs), organochlorine pesticides (OCs), dioxins, and 

polybrominated diphenyl ethers (PBDEs) have all been observed to disrupt thyroid function, 

increasing the likelihood of autoimmune thyroid disease and thyroid cancer.
4,6,9

 Each of these are 

persistent organic pollutants (POPs): stable, lipophilic compounds that tend to bioaccumulate in 
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the environment through time. Though many of the chemicals in these families have been phased 

out of production due to their toxicity, many chemosimilar products have been introduced into 

the market as replacements.
10

 The health consequences of these replacements have not yet been 

fully realized.  

 The general mode of action of these chemicals is to disrupt the physiological processes 

and hormone production of the thyroid.
4
 For example, PBDEs are able to bind to thyroid 

hormone receptors and inhibit the binding of thyroid hormones to transport proteins.
6
 Dioxins, 

OCs, and PBDEs are able to induce hepatic uridine diphosphate glucuronyltransferases, which 

glucuronidates thyroxine, a major thyroid hormone.
4,6

 This conjugation increases clearance from 

the body, decreasing thyroxine's half-life. These hormonal changes may potentially lead to 

chronic thyroid stimulation and ultimately tumorigenesis.
8 

 One potential environmental source of these thyroid disrupting chemicals is from 

industrial facilities. Previous studies have observed that PCB and dioxin concentrations in carpet 

dust increased for residences in close proximity to industrial facilities.
11,12

 Additionally, excess 

thyroid cancer risk was observed in a community of 5,000 near an unintentional industrial 

release of the organochlorine pesticide hexachlorobenzene.
9
 Proximity to industrial facilities has 

been previously used as a surrogate for exposure.
13-16 

The objective of this study was to explore whether residential proximity to industrial 

manufacturing facilities was associated with increased odds of thyroid cancer within a 

population-based case-control study in Connecticut. An existing case-control set that had 

collected historical information on participant residences was used in conjunction with industrial 

facility locations from the Connecticut Point Source Inventory, provided by the Connecticut 

Department of Energy and Environmental Protection. Industries with a priori interest included 

those that potentially emit PHAHs or other xenobiotics with known thyroid antagonism.   

 

Methods 

Study Population 

 The study population for this research is comprised of individuals enrolled in a 

population-based case-control study conducted by Zhang et al. to investigate the impact of 

diagnostic radiation on DNA repair capacity and thyroid cancer risk.
5
 From 2010-2011, 462 

Connecticut residents newly diagnosed with histologically confirmed papillary, follicular, 



5 

 

medullary, or anaplastic thyroid cancer were enrolled (66% of the 701 eligible thyroid cancer 

cases) and completed in-person interviews. These interviews collected information detailing 

demographic information, diagnostic radiation use, occupational and residential histories, as well 

as other potential risk factors for thyroid cancer. Participants were between the ages of 21 and 84, 

had no previous cancer diagnoses (aside from nonmelanoma skin cancer), and were alive at the 

time of the interview. Cases were identified through the Yale Cancer Center's Rapid Case 

Ascertainment Shared Resources, a component of the Connecticut Tumor Registry. Since 

Connecticut public health code requires the reporting of all cancer cases, this tumor registry has 

high case coverage through the state. 498 controls were recruited by random-digit dialing 

Connecticut residents. The participation rate for controls was 62%. Controls were frequency 

matched to cases by age ± 5 years. 

 

Residential Locations 

Complete residential histories for cases and controls were collected as part of the 

interviewer-administered questionnaire. Participants were asked to provide complete addresses 

(street number and name, town/city, state, and country if applicable) of each home they lived in 

from birth to the date of the questionnaire, including year moved and age at move. Addresses 

were cleaned to correct spelling errors. Residential addresses were geocoded using ArcGIS 

(Version 10.2, ESRI, Redlands, WA). Information for 5,155 addresses were collected from the 

960 participants. Initially, all residences with complete address information (n = 648) were 

geocoded. Of these, 618 (95%) street addresses were assigned coordinates accurate to the exact 

parcel in the first round. Coordinates for the final 30 addresses were found using interactive 

geocoding processes.  

If the resident’s complete address was not recorded during the interview, coordinates 

were assigned at the finest geographic resolution possible. Reported residences that only 

contained street segment information (n=1,197) were assigned a latitude and longitude that 

corresponded to the street segment midpoint using ArcGIS. If the location reported by the study 

participant was a military base, college, or village/neighborhood (n = 188), an appropriate ZIP 

was used. For reported addresses that contained only city (n = 2,681), county (n = 16), or state (n 

= 147) information, the geographic centroid of the appropriate region was calculated via the 

‘Feature to Point’ and ‘Add XY Coordinates’ tools in ArcGIS. Since there were a significant 
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number of incomplete addresses, the quality of each address was marked for later sensitivity 

analyses, as previously described.
17

 The area of the matched geographic resolution was 

calculated. Zip code, town, county, and state areas were calculated as the total area of the 

polygon in ArcGIS, while street segment areas were calculated as the area within a 10 m setback 

on each side of the road (Supplemental Table 1).
17 

Parcel area was not collected in the study 

questionnaire, and was unable to be calculated. After restrictions, 1,955 addresses reported 

between 1990 and 2009 were included in the analyses (Table 2). 

 

Industrial Facility Locations and Classification 

 Facility information was obtained from the Connecticut Department of Energy and 

Environment’s (DEEP’s) Point Source Inventory, a component of the Connecticut Emissions 

Inventory.
18

 All facilities within Connecticut that have a Title V permit under the Clean Air Act 

are required to report to DEEP facility information and yearly emissions of a number of criteria 

air pollutants. DEEP assembles this information in a database containing the facility address, 

quantity of pollutant emitted, and facility information for the years 1967-2015. All historical data 

prior to 1990 was incomplete and updated infrequently, with methodological yearly collection 

beginning in 1990.
19

 To avoid unknown exposure classification error, industrial facilities were 

only included from 1990 onward. Latitude and longitude were present in the database, but were 

assumed to have some positional error, because many sites had been manually geocoded with 

topographical maps. To improve the accuracy of the facility coordinates, the addresses were 

geocoded using ArcGIS following an approach similar to that of the residential facilities. 

Geocoding using complete address information appropriately matched 76% of the facilities (n = 

15,221). Sites that could not be matched via geocoding were assigned the existing 

latitude/longitude coordinates within the database. Facilities that had known inaccurate 

coordinates (e.g. for the Connecticut Department of Public Health headquarters) and could not be 

geocoded were removed from the analysis (n = 280). Manufacturing facilities were classified 

according to their 2-digit primary Standard Industrial Classification (SIC) number.
20

 This 

number, defined by the Occupational Safety & Health Administration, identifies each facility by 

its primary manufacturing sector. SIC numbers 20-38 were considered in this study. Distances 

between each residence and each active facility within a 5 km buffer region of the residence for 

each year during 1990-2009 were calculated. 
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Geographic Exposure Assessment 

 A variety of exposure metrics were constructed to explore proximity and thyroid cancer 

risk. First, a binary exposure was created that determined whether an individual had ever lived 

within 5 km or 2 km of any manufacturing facility. Figure 1 provides a visual estimation of the 

binary 2 km exposure metric, using data from the year 2000 as an example. Second, binary 

metrics were created for ever living within 5 km or 2 km of each of the 18 specific 

manufacturing sectors. Third, a cumulative inverse distance weighted (IDW) facility count was 

calculated for each participant (Equation 1) using all residences and facilities within 5 km of the 

home from 1990-2009.  

                 ∑ ∑ (
 

   
)

  

    

 

   

 

IDW Facility Count is the IDW result from manufacturing facilities within a 5 km radius 

of participant residence for a given SIC in a given study year. dij is the distance to each given 

facility (i) of each given SIC (j) to the participant residence in a given year, and n is the total 

number of facilities within 5 km in a given year. IDW Facility Count was then summed across 

the years 1990-2009 to provide a cumulative IDW facility count. If a study participant reported 

living in more than one residence in a given year, it was assumed they spent half the year in each 

residence, because the date of the move was not recorded. 

 

Statistical Analyses 

 Since accurate facility data was reported from 1990 onwards, initial restrictions were 

limited to resident addresses from 1990 until 2009, a reference date 1-2 years before diagnosis. 

We then conducted analyses on two subsets of the parent study population. First, we included all 

participants with a geocoding accuracy of town centroid or better for at least 70% of the years 

included in the study analysis, from 1990-2009 (432 cases, 470 controls). We also created a 

subgroup that had 100% of addresses geocoded to an accuracy of town centroid or better during 

the study period (408 cases, 436 controls). Analyses presented in the present study were 

constructed using this second subgroup, with 100% of cases, in an attempt to optimize accurate 

exposure classification. Many of the state and county centroids were located in areas with a high 

number of facilities, which would overestimate exposures for those participants. Therefore, using 
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the 70% accuracy group would increase nondifferential misclassification, driving any observed 

odds estimates to the null. Table 1 compares demographic characteristics of the population used 

in this study with the parent population. Another subgroup was created that only explored 

exposures from 1990-1999, to test the impact of a longer latency period. SICs 21 and 31 were 

excluded from all analyses, because no cases ever lived within 5 km of a facility of either sector. 

Cumulative IDW exposure was evaluated as a continuous variable, a natural log-transformed 

variable, and as a categorical variable (separated into exposure quartiles based on control 

exposures). 

 Univariate analyses were conducted on select demographic variables and cumulative 

inverse IDW exposure to ascertain distributions for categorical analyses. Bivariate analyses were 

used to compare exposure distributions for the binary exposure metrics. P values were obtained 

from a t-test for univariate analyses and a χ
2 

test for bivariate analyses. 

 Unconditional logistic regression was used to determine odds ratios (ORs) and 95% 

confidence intervals (CIs) for all individuals with non-missing variables. To control for potential 

confounding, ORs and 95% CIs were generated via multivariate logistic regression while 

adjusting for age, BMI (<25, 25-29.9, ≥30), gender, race, education, prior alcohol use, smoking, 

family history of thyroid disease, family history of thyroid cancer, and previous exposure to 

diagnostic radiation. Backwards, stepwise elimination was used to determine covariate 

significance: race, education, and smoking status were eliminated as nonsignificant variables 

from the final model. Previous exposure to diagnostic radiation was retained despite 

nonsignificance (p = 0.13), because it is an established risk factor for thyroid cancer within this 

population. All statistical tests were conducted at α = 0.05, with a p < 0.05. All statistical 

analyses were conducted using SAS 9.3 (SAS Institute Inc., Cary, NC). 

 

Results 

Demographic Characteristics 

 In this study, 462 cases and 498 controls were analyzed to determine the risk of thyroid 

cancer due to residential proximity to industrial facilities. After excluding individuals who did 

not have address recall to the city resolution or better for 100% of the study years, 408 cases and 

436 controls remained in the final analyses. This subset was similar to the parent population with 

respect to both demographic characteristics and collected risk factors. Table 1 describes several 
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demographic characteristics and the distribution of important risk factors for both the case and 

control groups of the entire population and study population. Within this study population, a 

number of characteristics significantly differed between cases and controls. Cases were more 

likely to be female (p = <0.001), younger (p = 0.001), and less educated (p = 0.009). They were 

also more likely to have a family history of thyroid cancer (p = 0.002) or thyroid disease (p < 

0.001). Cases were more likely to be obese (p = 0.001), but less likely to have a history of 

alcohol consumption (p < 0.001). No significant changes between the two groups were seen for 

race, smoking history, or diagnostic radiation exposure. 

 

Geographic Recall and Exposure to Industrial Facilities 

 Residential recall was statistically similar between cases and controls in the restricted 

study population, during the study period (Table 2, p = 0.41). 23% of cases and 23% of controls 

reported complete street addresses for their residence during the study period, while 45% of 

cases and 48% of controls could only recall their address to the city level (Table 2). ZIP code 

information was not collected in the interview process, which may explain why the majority of 

addresses were recorded to the city level. Some differences were observed between cases and 

controls when considering their lifetime residential history (Supplemental Table 1). 

 Over the course of the entire study, 88% of both cases and controls lived within 5 km of 

at least one manufacturing facility during the study period (Table 3). The number of facilities 

within 5 km of a residence in a single year ranged from 0 to 110. Residence within 2 km (58% of 

cases and 59% of controls, Table 3) or 1km (32% of cases and 35% of controls, data not shown) 

of any facility was less common, though still fairly frequent. 

 Cases and controls were most likely to have ever lived within both 5 km (cases: n = 265, 

65%; controls: n = 274, 63%) and 2 km (cases: n = 137, 34%; controls: n = 138, 32%) of 

fabricated metal products facilities (SIC 34, excludes machinery and transportation equipment). 

The second most common manufacturing sector for cases to have ever lived with 5 km of was 

electronic and other electrical equipment and components (SIC 37, excludes computer equipment; 

n = 215, 53% of cases), whereas the second most common for controls was rubber and 

miscellaneous plastics products (SIC 30, n = 214, 49%). Complete exposure information can be 

seen in Table 3. 
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 Neither cases nor controls had significantly different exposures to any manufacturing 

sectors for our binary metrics. Only one sector was borderline significant—more cases lived 

within 2 km of chemical facilities (SIC 28, p = 0.06), which may have contributed to the elevated 

risk estimates seen for that sector.  

   

Exposure to Industrial Facilities and Risk of Thyroid Cancer 

 Several risk models were constructed using different exposure metrics to determine the 

impact residential proximity to industrial manufacturing facilities has on thyroid cancer. In 

unadjusted analyses (Supplemental Table 2), no significant changes in risk were seen from ever 

having lived within 5 km (OR = 0.99) or 2 km (OR = 0.96) of any manufacturing facility as 

compared to never having lived within 5km of a facility. Increased risk estimates of thyroid 

cancer were seen in individuals that had ever lived within 2 km of textile mill product facilities 

(SIC 22, OR = 1.52, 95% CI: 0.81 – 2.82), chemical facilities (chemicals and allied products; 

SIC 28, OR = 1.39, 95% CI: 0.98 – 1.96), and paper facilities (SIC 26, paper and allied products; 

OR = 1.21, 95% CI: 0.70 – 2.09), as compared to participants that were not exposed. 

Interestingly, decreased odds of thyroid cancer were observed in individuals that had ever lived 

within 2 km of transportation equipment facilities (SIC 37, OR = 0.63, 95% CI: 0.37 – 1.07), 

lumber and wood products, except furniture (SIC 24, OR = 0.70, 95% CI: 0.35 – 1.40), and 

printing and publishing facilities (SIC 27, OR = 0.78, 95% CI: 0.49 – 1.26), as compared to 

participants that had not lived near those facilities.  

 After adjusting for age, BMI, gender, prior alcohol use, family history of thyroid disease, 

family history of thyroid cancer, and previous exposure to diagnostic radiation, the odds of 

thyroid cancer were lower if a study participant had ever lived within 5 km (OR = 0.87, 95% CI: 

0.56 – 1.34) or 2 km (OR = 0.77, 95% CI: 0.58 – 1.04) of any manufacturing facility, compared 

to those who never lived near a facility (Table 3). Odds remained elevated for chemical facilities 

for both 5 km (SIC 28, OR = 1.15, 95% CI: 0.86 – 1.54) and 2 km (OR = 1.20, 95% CI 0.84 – 

1.73) metrics. Odds were significantly lower for individuals that ever versus never lived within 5 

km of lumber and wood products (SIC 24, OR = 0.64, 95% CI: 0.43 – 0.94). Additionally, odds 

were significantly lower for residents that had ever lived within 2 km of transportation 

equipment facilities (SIC 37, OR = 0.54, 95% CI: 0.31 – 0.96), as compared to those that had 

never lived within 2 km of those facilities.  
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 There did not appear to be any association with cumulative IDW facility count and risk of 

thyroid cancer (OR = 1.00, Table 4). No significant changes were seen when log-transforming 

the cumulative exposure metric (OR = 0.98). No trends were observed when the cumulative IDW 

facility count metric was categorized into exposure quartiles. Nonsignificant elevated odds were 

observed in the third quartile during unadjusted analyses (OR = 1.20, 95% CI: 0.82 – 1.74), but 

this observation was diminished after adjustment (OR = 1.05). Also, after adjusting, individuals 

in the highest exposure quartile had a nonsignificant decreased risk of thyroid cancer (OR = 0.76, 

95% CI: 0.51 – 1.15). 

 During explorations of the SIC-specific cumulative IDW exposure metric, no significant 

differences from the binary metrics were observed (data not shown). Additionally, analyses 

exploring the curtailed study period (1990-1999) to test the effects of a longer latency period did 

not reveal any significantly altered results (data not shown). 

  

Discussion 

  In these exploratory analyses, we observed no significant associations between proximity 

to industrial facilities and increased risk of thyroid cancer. The majority of this study population 

had ever lived within 2 km of any manufacturing facility through the course of this study. Both 

cases and controls were most likely to have ever lived within 5 km or 2 km of a fabricated metal 

products facility (SIC 34). Both cases and controls were also highly likely to have lived within 5 

km of electronic and other electrical equipment facilities (SIC 36), rubber and miscellaneous 

plastics facilities (SIC 30), and industrial and commercial machinery and computer equipment 

facilities (SIC 35). Elevated odds of thyroid cancer were observed for individuals living within 

either 5 km or 2 km of chemical facilities in both unadjusted and adjusted analyses. Exposure to 

a variety of manufacturing sectors appeared to confer a decreased risk of thyroid cancer, though 

only risk estimates for exposure to lumber and wood product facilities (SIC 24) appeared to 

remain consistently decreased across different exposure metrics. A ten-calendar-year latency 

period did not substantially change risk estimates across any metrics. 

Individuals that had ever lived within 5 km of lumber and wood product facilities (SIC 24) 

had a statistically significant decreased risk of thyroid cancer after adjustment, a relationship 

which persisted in both the log-transformed cumulative IDW and longer latency analyses. 

Lumber and wood products manufacturing facilities were thought to contribute to thyroid cancer 
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risk in a priori hypotheses due to their chemical emissions. A 2009 study by De Roos et al. 

demonstrated an increased risk of non-Hodgkin's lymphoma (NHL) for individuals within the 

closest proximity those facilities (SIC 24, ≤ 0.5 mile, OR = 2.22, 95% CI: 0.4 - 11.8).
13

 De Roos 

also found significantly elevated risks for NHL in individuals living within close proximity to 

chemical (SIC 28), petroleum (SIC 29), plastics (SIC 30), and primary metal industries (SIC 33). 

In the present study, risk estimates for chemical facilities were consistently elevated across 

binary metrics, but none of the other manufacturing sectors mentioned above had consistently 

elevated risk estimates.  

 Research is still emerging on how environmental exposures may impact thyroid cancer 

rates. Studies of the population exposed to radioactive iodine associated with the post-Chernobyl  

fallout have demonstrated marked increases in childhood thyroid cancers in the area.
7,21

 

Similarly, diagnostic radiation has been recently implicated as risk factor, observed in the same 

cohort used in this study.
5
 However, a geospatial study that investigated radon levels in 

Pennsylvania counties found no significant association between cumulative radon levels and 

thyroid cancer incidence.
22

 This may be attributable to the coarse resolution they were using—

radon levels can vary dramatically across a single county based on the underlying geology, 

which may not be an effective predictor of risk. Another recent study failed to demonstrate an 

association between serum PBDE levels and thyroid cancer, despite the established observations 

between PBDEs and thyroid activity.
8
 PBDEs are one of the major PHAHs residents were 

assumed to be exposed to through close proximity to manufacturing facilities; a finding of no 

association between PBDE exposures and thyroid cancer may explain some of the null results 

observed in this study. 

 

Strengths and Limitations 

 This study demonstrated a novel use of a unique publicly available data resource from the 

Connecticut Department of Energy and Environmental Protection. With this statewide database, 

we were able to investigate exposures to multiple industrial sources simultaneously. Further, the 

collection of residential histories allowed us to track our population over time, improving our 

exposure estimates. The specific population used in the current study uses only individuals with 

recall to the town level or better for the entire study period, which aimed to limit exposure 

misclassification. 
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It is important to qualify the observed results with the inherent limitations in this study. 

There is a certain amount of uncertainty built into the exposure metrics. Due to the relatively 

imprecise recall resolution of residential address (Table 2) as compared to similar studies,
13,16

 it 

was necessary to use town, zip code, and county centroids to assign coordinates for all study 

participants for every year. This potentially added exposure misclassification into the study, 

biasing the results toward the null. This study did not incorporate any meteorological effects into 

its exposure matrix creation, and therefore assumed an even distribution of pollution in a circular 

buffer around the facility. Additionally, actual exposure quantities were not considered, since 

none of the reported emission quantities in the CT Point Source Inventory reflected chemicals of 

relevance.  

 Multiplicity must be taken into account in the interpretation of this data as well. Though 

the objective of this study was intended to be hypothesis-generating in nature, it is important to 

consider that, due to the number of comparisons made, the significantly decreased odds seen in 

individuals that lived in close proximity to lumber and wood facilities (SIC 24) could have 

occurred due to random chance alone, considering the choice for α = 0.05.  

 Future research could refine exposure metrics, through the incorporation of emissions 

data, either directly, or through a proxy emission. Exposure metrics could also be refined by 

improving resident address information, potentially through the linkage to existing databases that 

may contain historical resident information, such as a real estate database. It may also be 

beneficial to consider a different range of SICs. Previous research has shown that landfills and 

waste incinerators may be additional potential sources of PHAHs.
11-12,23

  Applying the 

methodology explained here to include those types of facilities may help explain how alternative 

environmental sources of these pollutants impact thyroid cancer risk. 

 

Conclusion 

This research explored the impact residential proximity to industrial facilities has on the 

risk of thyroid cancer. We adapted existing methodologies and applied them to a new source of 

publically available data in Connecticut. Using inverse distance between geocoded residence and 

geocoded facility coordinates, we constructed a variety of exposure metrics, a novel approach to 

determine the impact of environmental exposures on thyroid cancer. Observed associations were 

generally null, though elevated risk estimates were seen in individuals who had ever lived within 
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5 or 2 km of chemical product manufacturing facilities, and significantly decreased risk estimates 

were consistently observed across metrics for individuals living in close proximity to lumber or 

wood product facilities. Our framework could be applied in future studies, which should aim to 

refine the exposure metrics used by improving resident coordinate accuracy, including emissions 

data, and incorporating additional pollution sources. 
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Table 1. Selected characteristics of cases and controls in the Connecticut Thyroid Cancer Case-Control study (Zhang et al, 2015) and in the current study of residential 

proximity to industrial facilities. Frequency (percentage), except where noted.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Analysis included participants with 100% of reported address information from 1990-2009 reported to the city resolution or finer. 
b p values generated from χ2-test or t-test (age).

  

 
Characteristic Connecticut Thyroid Cancer Case-Control study 

  
Study of residential proximity to industrial facilities

a
 

   
 

Cases (n = 462) 
 

Controls (n = 498) p
b
 

 
Cases (n = 408) 

 
Controls (n = 436) p

b
 

Gender 
   

 
    

 

 
Female 375 (81.2) 

 
344 (69.1) 

<0.0001  
332 (81.4) 

 
295 (67.7) 

<0.0001 

 
Male 87 (18.8) 

 
154 (30.9) 

 
76 (18.6) 

 
141 (32.3) 

Age (years) 
         

 
Mean Age (standard dev) 51.22 (12.3) 

 
54.15 (13.1) 0.0004 

 
52.04 (12.2) 

 
55.1 (13.0) 0.0005 

 
<40 86 (18.6) 

 
64 (12.9) 

0.0017 

 
66 (16.2) 

 
54 (12.4) 

0.0027 
 

40-49 115 (24.9) 
 

123 (24.7) 
 

101 (24.8) 
 

91 (20.9) 

 
50-59 149 (32.3) 

 
139 (27.9) 

 
137 (33.6) 

 
128 (29.4) 

 
≥60 112 (24.2) 

 
172 (34.5) 

 
104 (25.5) 

 
163 (37.4) 

Education 
         

 
No High School 5 (1.1) 

 
4 (0.8) 

0.0102 

 
5 (1.2) 

 
3 (0.7) 

0.0089 
 

Any high school 124 (26.8) 
 

84 (16.9) 
 

117 (28.7) 
 

81 (18.6) 

 
Trade School/College 216 (46.8) 

 
261 (52.4) 

 
190 (46.6) 

 
228 (52.3) 

 
Graduate School 100 (21.6) 

 
130 (26.1) 

 
85 (20.8) 

 
113 (25.9) 

 
Other 13 (2.8) 

 
13 (2.6) 

 
11 (2.7) 

 
11 (2.5) 

 
Missing 4 (0.9) 

 
6 (1.2) 

 
0 (0.0) 

 
0 (0.0) 

Race 
         

 
White 415 (89.8) 

 
450 (90.4) 

0.3259 
 

374 (91.7) 
 

398 (91.3) 

0.6560 

 
Black 18 (3.9) 

 
25 (5.0) 

 
17 (4.2) 

 
23 (5.3) 

 
Other 29 (6.3) 

 
22 (4.4) 

 
17 (4.2) 

 
15 (3.4) 

Family history of cancer 
         

 
Thyroid Cancer 74 (16.0) 

 
48 (9.6) 

0.0111 
 

66 (16.2) 
 

37 (8.5) 

0.0019 

 
Other Cancer 245 (53.0) 

 
291 (58.4) 

 
215 (52.7) 

 
264 (60.6) 

 
No 143 (31.0) 

 
159 (31.9) 

 
127 (31.1) 

 
135 (31.0) 

Family History of Disease 
         

 
Thyroid Disease 115 (24.9) 

 
76 (15.3) 

<0.0001 
 

95 (23.3) 
 

64 (14.7) 

0.0006 

 
Other Disease 7 (1.5) 

 
1 (0.2) 

 
6 (1.5) 

 
1 (0.2) 

 
No 340 (73.6) 

 
421 (84.5) 

 
307 (75.2) 

 
371 (85.1) 

Body mass index (kg/m²) 
         

 
<25 145 (31.4) 

 
203 (40.8) 

0.0003 

 
126 (30.9) 

 
173 (39.7) 

0.0002 
 

25.0-29.9 146 (31.6) 
 

168 (33.7) 
 

124 (30.4) 
 

151 (34.6) 

 
≥30 166 (35.9) 

 
118 (23.7) 

 
157 (38.5) 

 
108 (24.8) 

 
Missing 5 (1.1) 

 
9 (1.8) 

 
1 (0.2) 

 
4 (0.9) 

Smoking 
         

 
Yes 141 (30.5) 

 
172 (34.5) 

0.1844  
132 (32.4) 

 
156 (35.8) 

0.2940 

 
No 321 (69.5) 

 
326 (65.5) 

 
276 (67.6) 

 
280 (64.2) 

Alcohol consumption 
         

 
Yes 188 (40.7) 

 
267 (53.6) 

<0.001  
173 (42.4) 

 
237 (54.4) 

0.0005 

 
No 274 (59.3) 

 
231 (46.4) 

 
235 (57.6) 

 
199 (45.6) 

Any Diagnostic Radiation 
         

 
Yes 423 (91.6) 

 
440 (88.4) 

0.0997  
377 (92.4) 

 
391 (89.7) 

0.1673 
  No 39 (8.4) 

 
58 (11.6) 

 
31 (7.6) 

 
45 (10.3) 
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Figure 1. An example of the exposure metric used in this study. Resident addresses were geocoded to the greatest resolution possible with the available information. In 

this example, an exposure would be considered for all individuals who had a manufacturing facility within 2 km of their residence in the year 2000. 
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Table 2. Accuracy levels for geocoding of residential addresses reported in the study population (100% of reported address geocoded to city resolution or better between the years 

1990 and 2009. Frequency (percentage). 
 

Geographic Resolution Case (n = 974) Control (n = 981) 

Parcel 220 (22.6) 226 (23.0) 

Street Name/Segment 282 (29.0) 251 (25.6) 

Zip Code 35 (3.6) 37 (3.8) 

City 437 (44.9) 467 (47.6) 

p
 a

 = 0.4057 
  

a
 p value generated from χ

2
-test. 
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Table 3. Associations of thyroid cancer with residential proximity to industrial facilities from 1990-2009, using binary metrics. Significance at p < 0.05 shown in bold.
a
 

 Ever Lived Within 5 km of a Facility 
 

Ever Lived Within 2 km of a Facility 

Industry Sector: SIC Case (n = 408) Control = (436) p
b
 OR (95% CI)

c
  Case (n = 408)

 
 Control = (436)

 
 p

b
 OR (95% CI)

c
 

Any Manufacturing SIC 358 (87.7) 383 (87.8) 0.97 0.87 (0.56-1.34)  236 (57.8) 257 (58.9) 0.75 0.77 (0.58-1.04) 

Food and Kindred Products:20 122 (29.9) 132 (30.3) 0.91 0.88 (0.65-1.21)  26 (6.4) 28 (6.4) 0.98 0.84 (0.47-1.53) 

Textile Mill Products: 22 104 (25.5) 93 (21.3) 0.15 1.07 (0.76-1.50)  25 (6.1) 18 (4.1) 0.19 1.05 (0.55-2.02) 

Apparel and other Finished Products: 23 45 (11.0) 50 (11.5) 0.84 0.84 (0.54-1.33)  16 (3.9) 16 (3.7) 0.85 1.10 (0.52-2.34) 

Lumber and Wood Products, except Furniture: 24 59 (14.5) 78 (17.9) 0.18 0.64 (0.43-0.94)  14 (3.4) 21 (4.8) 0.31 0.57 (0.27-1.18) 

Furniture and Fixtures: 25 61 (15.0) 72 (16.5) 0.53 0.87 (0.59-1.29)  15 (3.7) 19 (4.4) 0.61 0.74 (0.36-1.53) 

Paper and Allied Products: 26 142 (34.8) 156 (35.8) 0.77 0.86 (0.64-1.17)  29 (7.1) 26 (6.0) 0.50 1.17 (0.65-2.10) 

Printing, Publishing, and Allied Industries: 27 194 (47.5) 184 (42.2) 0.12 1.09 (0.82-1.45)  33 (8.1) 44 (10.1) 0.31 0.63 (0.38-1.04) 

Chemicals and Allied Products: 28 191 (46.8) 185 (42.4) 0.20 1.15 (0.86-1.54)  89 (21.8) 73 (16.7) 0.06 1.20 (0.84-1.73) 

Petroleum Refining and Related Industries: 29 181 (44.4) 193 (44.3) 0.98 0.89 (0.67-1.19)  41 (10.0) 44 (10.1) 0.98 0.84 (0.52-1.36) 

Rubber and Miscellaneous Plastics Products: 30 206 (50.5) 214 (49.1) 0.68 0.92 (0.69-1.23)  76 (18.6) 74 (17.0) 0.53 0.96 (0.66-1.39) 

Stone, Clay, Glass, and Concrete Products: 32 171 (41.9) 182 (41.7) 0.96 0.89 (0.66-1.18)  42 (10.3) 49 (11.2) 0.66 0.73 (0.46-1.16) 

Primary Metal Industries: 33 194 (47.5) 188 (43.1) 0.20 1.06 (0.80-1.42)  76 (18.6) 79 (18.1) 0.85 0.78 (0.53-1.13) 

Fabricated Metal Products, except Machinery and 
Transportation Equipment:34 

265 (65.0) 274 (62.8) 0.52 1.03 (0.76-1.38) 
 

137 (33.6) 138 (31.7) 0.55 0.93 (0.69-1.27) 

Industrial and Commercial Machinery and 
Computer Equipment: 35 

203 (49.8) 196 (45.0) 0.16 1.11 (0.84-1.48) 
 

63 (15.4) 78 (17.9) 0.34 0.69 (0.47-1.02) 

Electronic and other Electrical Equipment and 
Components, except Computer Equipment: 36 

215 (52.7) 212 (48.6) 0.24 1.09 (0.82-1.45) 
 

58 (14.2) 65 (14.9) 0.78 0.78 (0.52-1.17) 

Transportation Equipment: 37 167 (40.9) 190 (43.6) 0.44 0.82 (0.61-1.10)  23 (5.6) 38 (8.7) 0.08 0.54 (0.31-0.96) 

Measuring, Analyzing, and Controlling 
Instruments; Photographic, Medical and Optical 

Goods; Watches and Clocks: 38 
143 (35.0) 152 (34.9) 0.95 0.97 (0.72-1.30) 

 

39 (9.6) 41 (9.4) 0.94 0.96 (0.60-1.55) 

a
 Analysis included participants with 100% of reported address information from 1990-2009 reported to the city resolution or finer. 

b 
p values generated from χ

2
-test.

 

c
 Odds Ratio and 95% Confidence intervals generated from unconditional logistic regression models adjusting for age, BMI, gender, prior alcohol use, family history of thyroid 

disease, family history of thyroid cancer, and previous exposure to diagnostic radiation. 
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Table 4. Associations of thyroid cancer with residential proximity to industrial facilities from 1990-2009, using continuous metrics.
a
 

  
Unadjusted Adjusted 

Cumulative IDW Quartile
b
 Cumulative IDW Range OR (95% CI) OR (95% CI)

c
 

1 0 - 9.26 1.00 1.00 

2 9.31 - 45.20 0.89 (0.60-1.32) 0.81 (0.54-1.22) 

3 42.21 - 138.36 1.20 (0.82-1.74) 1.05 (0.71-1.56) 

4 140.57 - 1398.77 0.95 (0.65-1.40) 0.76 (0.51-1.15) 

    
    

    OR (95% CI) OR (95% CI)
c
 

Cumulative IDW Exposure
d
 

 
1.00 (1.00-1.00) 1.00 (1.00-1.00) 

ln(Cumulative IDW Exposure) 
 

1.00 (0.96-1.05) 0.98 (0.89-1.08) 
a 
Analysis included participants with 100% of reported address information from 1990-2009 reported to the city resolution or finer.

 

b 
Inverse Distance Weighted Quartiles generated from control exposure data. 

c 
Odds Ratio and 95% Confidence intervals generated from unconditional logistic regression models adjusting for age, BMI, gender, prior alcohol use, family history of thyroid 

disease, family history of thyroid cancer, and previous exposure to diagnostic radiation. 
d 
See Equation 1. 
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