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sions:  Residential proximity to sources of POP is associated 
with an increase in RR of IS-DM hospitalization. Our findings 
support the hypothesis of POP being a risk factor for IS. Fur-
ther studies are warranted.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Cerebrovascular disease is the second leading cause of 
death, causing about 5.7 million annual deaths world-
wide  [1] . Ischemic strokes (IS) account for 87% of all 
strokes  [2] . Diabetes mellitus (DM) is not only a well-es-
tablished risk factor for stroke  [2, 3] , but also a predictor 
of poor outcome of IS  [4] , making the combination of IS 
with DM as a comorbidity (IS-DM) particularly danger-
ous. DM is highly prevalent among stroke patients, but 
often remains unrecognized until hospitalization  [5, 6] .

  Up to 20% of atherosclerotic IS cases are not explained 
by traditional risk factors for atherosclerosis, such as dia-
betes, hypertension, hypercholesterolemia and smoking 
 [7] . Evidence from a number of epidemiological and ex-
perimental animal studies indicates that exposure to per-
sistent organic pollutants (POP) is an important risk fac-
tor both for atherosclerosis-related diseases  [8–10] , in-
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 Abstract 
  Background:  Evidence is emerging that exposure to persis-
tent organic pollutants (POP) is a risk factor for atherosclero-
sis-related diseases and for diabetes mellitus (DM). We hy-
pothesized that residential proximity to sources of POP will 
be associated with an increase in hospitalization rates for 
ischemic stroke (IS) with comorbid DM (IS-DM).  Methods: 
We examined IS-DM hospitalization rates in the New York 
State (exclusive of New York City) during a 12-year period. 
POP exposure status was assessed based on residency in a 
zip code containing or abutting environmental sources of 
POP. Adjusted relative risks (RR) of IS-DM hospitalization 
were estimated by multivariate Poisson regression.  Results:  
A statistically significant 10% increase in IS-DM hospitaliza-
tion rates was observed in populations environmentally ex-
posed to POP (adjusted RR 1.10, 95% confidence interval, CI, 
1.01–1.20; p = 0.031). IS-DM hospitalization rates were also 
higher in males (adjusted RR 1.34, 95% CI 1.30–1.39; p  !  
0.001), in blacks (adjusted RR 4.54, 95% CI 4.16–4.94; p  !  
0.001) and in older age groups (p for trend  ! 0.001).  Conclu-
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cluding stroke  [11] , and for DM  [12–14] . POP constitute a 
group of polychlorinated organic compounds, including 
polychlorinated biphenyls, persistent pesticides, such as 
dichlorodiphenyltrichloroethane, and dioxins and fu-
rans. They are characterized by semivolatility and high 
resistance to biological, chemical and photolytic degrada-
tion  [15] . Due to their lipophilicity, POP can bioaccumu-
late in lipid-rich tissues, including the liver, the nervous 
tissue and the adipose tissue  [16, 17] . We hypothesized 
that residential proximity to sources of POP will be asso-
ciated with an increase in IS-DM hospitalization rates.

  Materials and Methods 

 Study Population 
 We conducted a population-based study of hospitalization 

rates for IS-DM in New York State excluding New York City. IS-
DM hospitalization data for a 12-year period (1993–2004) were 
obtained from the New York Statewide Planning and Research 
Cooperative System maintained by the New York State Depart-
ment of Health. Along with patients’ age, race, gender and zip 
code of residence, we used information on the principal and up to 
14 secondary diagnoses which is mandatory reporting on every 
hospitalized patient. To identify IS, we used the International 
Classification of Diseases, 9th revision (ICD-9), codes 433.x1,
434.x1 and 436, which have been shown to identify IS patients ac-
curately  [18, 19] . ICD-9 code 250 was used to identify comorbid 
type 1 or type 2 DM.

  The primary outcome variable was the rate of hospitalizations 
for IS with comorbid DM by zip code of residence. Demographic 
information on the total population, including age, gender and 
race, was used to adjust for confounding by these variables. Me-
dian household income on the zip code level, obtained from Clar-
itas Inc. (San Diego, Calif., USA), was used as a measure of socio-
economic status  [20] . Because lower socioeconomic status is a 
known barrier to health care utilization  [21] , we included only the 
3 upper quartiles of the medium-household income distribution.

  We included only patients of the 2 largest racial groups – Af-
rican Americans (blacks) and Caucasians (whites) – that com-
prised a total of 98.6% of IS-DM hospitalizations. Other racial 
groups were not included in the study due to their extremely small 
numbers that can compromise the parsimony of the statistical 
model. The upper age limit was set at 74 years inclusive, because 
for atherosclerosis-related diseases, including stroke, the effect of 
age becomes very strong in older age groups to the extent that it 
can obscure the effect of other risk factors. The effect of DM as an 
IS risk factor is particularly prominent in patients younger than 
65 years  [5] .

  Exposure status was classified as POP or no-POP based on the 
patients’ zip codes of residence. Patients residing in zip codes con-
taining or abutting hazardous waste sites contaminated with POP 
were presumed to be environmentally exposed. Most of the POP 
the patients were exposed to were polychlorinated biphenyls 
(75.7%). Other POP were dichlorodiphenyldichloroethane, di-
chlorodiphenyltrichloroethane, chlordane, dieldrin, endosulfan, 
endrin, hexachlorobenzene, heptachlor, pyranol, pesticides and 

herbicides. Zip codes containing or abutting environmental 
sources of POP were identified using the National Priority List of 
the hazardous waste sites (as determined by the US Environmen-
tal Protection Agency) and the list of the State Superfund sites (as 
determined by the New York State Department of Environmental 
Conservation). Also, polluted portions of the Great Lakes and St. 
Lawrence River known as Areas of Concern were identified by the 
International Joint Commission. Details of these classifications 
have been previously described somewhere else  [22] . Exclusive of 
New York City, there were 196 zip codes in New York State classi-
fied as POP and 1,207 as no-POP. Of the 1,207 no-POP zip codes, 
215 contained known waste sites having other than POP pollut-
ants (such as metals), and 992 did not contain any known envi-
ronmental source of pollutants.

  The study was approved by the Institutional Review Boards of 
Ohio University and University at Albany.

  Statistical Analyses 
 In preliminary unadjusted analyses, IS-DM hospitalization 

rates were compared separately for each population group by a 
presumed exposure status (residential proximity to sources of 
POP), gender, race and age. Bonferroni correction was applied to 
multiple comparisons. The Wald statistic was used to assess the 
significance of age trend. Relative risks (RR) for IS-DM hospital-
ization were calculated as hospitalization rate ratios.

  In adjusted analysis, RR and their respective 95% confidence 
intervals (CI) were obtained by using multivariate Poisson regres-
sion. Confounding by gender, race and age was adjusted for by 
including the respective variables in the multivariate Poisson re-
gression model. Overdispersion in the multivariate Poisson re-
gression model was adjusted for by using a scaling factor; the 
scaled Pearson  �  2  was equal to 1. We also adjusted for clustering 
of observations within zip codes by using the generalized estimat-
ing equations method. SAS software, version 9.1 (SAS Institute 
Inc., Cary, N.C., USA), was used for statistical analyses.

  Results 

 Patient Characteristics 
 We identified a total of 19,502 hospital admissions for 

IS-DM from 1993 to 2004. Residents of the POP zip codes 
constituted 24.3% of the population from which IS-DM 
cases were ascertained, but they accounted for 27.9% of 
admissions (5,440 cases). Males comprised 53.8% of IS-
DM admissions (10,493 cases). The mean  8  SD age of the 
patients was 64.3  8  8.3 years. Although blacks com-
prised only 6.7% of the study population from which cas-
es were ascertained, they accounted for 15.2% of IS-DM 
admissions (2,973 cases), which indicates that African 
American race is a risk factor for stroke and diabetes.

  Unadjusted Analyses 
 Unadjusted analysis of IS-DM hospitalization rates in 

POP and no-POP groups demonstrated that residency in 
a zip code containing or abutting environmental sources 
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of POP is associated with a 21% increase in RR of IS-DM 
hospitalization (unadjusted RR 1.21, 95% CI 1.17–1.25; 
 table 1 ). Also, unadjusted analyses indicated that RR of 
IS-DM hospitalization is higher in males than females, in 
blacks than in whites, and in older age groups. Results of 
unadjusted stratified analyses, stratified by the POP ex-
posure status, are presented in  figures 1  and  2 . Being 
male, African American and older were associated with 
higher RR of IS-DM hospitalization in residents of both 
POP and no-POP zip codes.

  Adjusted Analyses 
 Results of the adjusted analysis ( table 2 ) demonstrated 

that after controlling for the effect of known confounders 
(race, gender and age), residency in POP zip codes is as-
sociated with a statistically significant 10% increase in 
IS-DM hospitalization rates (adjusted RR 1.10, 95% CI 
1.01–1.20, p = 0.031). Also, adjusted analysis demonstrat-
ed, as expected, that African American race, male gender 
and older age are associated with a statistically significant 
increase in IS-DM hospitalization rates. While it was not 
a primary goal of our study, we also investigated the rela-
tionship between POP exposure status and RR of hospi-
talization for IS only (without DM comorbidity): residen-
cy in POP zip codes was associated with a statistically 
significant 9% increase in IS-only hospitalization rates 
(adjusted RR 1.09, 95% CI 1.02–1.17, p = 0.016;  table 3 ).

  Discussion 

 Residential proximity to environmental sources of 
POP is associated with a statistically significant 10% in-
crease in IS-DM hospitalization rates (p = 0.031). Given a 
high worldwide burden of stroke fatality and disability 
 [23, 24] , it is imperative to investigate emerging risk fac-
tors to better understand the distribution and determi-
nants of disease and to improve effectiveness of existing 
prevention strategies. Environmental risk factors are of 
particular concern because they are involuntary and can 

Table 1.  Unadjusted IS-DM hospitalization rates and unadjusted RR of IS-DM hospitalization

Characteristic Unadjusted IS-DM
hospitalization rates
n/100,000 person-years

Unadjusted RR p
value

Exposure status POP 34.22 (33.31–35.12) 1.21 (1.17–1.25) <0.01
No-POP (ref.) 28.34 (27.87–28.81) 1.0

Gender Males 33.00 (32.37–33.63) 1.24 (1.20–1.27) <0.001
Females (ref.) 26.71 (26.16–27.27) 1.0

Race Blacks 81.85 (69.27–74.43) 2.67 (2.57–2.77) <0.001
Whites (ref.) 26.93 (26.52–27.34) 1.0

Age <0.011

35–44 years 2.63 (2.39–2.87) 6.82 (5.34–69.23)
45–54 years 15.30 (14.65–15.94) 39.69 (31.54–53.26)
55–64 years 53.04 (51.63–54.45) 137.61 (109.64–184.39)
65–74 years 136.25 (133.75–138.75) 353.47 (281.87–473.42)
25–34 years (ref.) 0.39 (0.29–0.48) 1.0

F igures in parentheses indicate 95% CI. 1 p value for trend, Wald statistic.
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  Fig. 1.  Unadjusted IS-DM hospitalization rates with 95% CI indi-
cated by vertical bars: gender and race, stratified by POP exposure 
status.  *  p  !  0.01, with Bonferroni correction. 
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affect large population groups. Residential proximity to 
POP-contaminated waste sites is associated with an in-
crease in POP serum levels  [25] .

  The results of our study are consistent with existing 
evidence that POP are a risk factor for atherosclerosis-
related diseases and DM. It should be noted that exposure 
to POP is not the only risk factor which can be linked
to a number of diseases and health conditions. Another 
well-known example of such an exposure is smoking, an 
established risk factor for atherosclerosis-related diseas-
es, chronic obstructive pulmonary disease, and a number 
of malignancies, including lung and oral cancer.

  Other authors reported an increase in coronary heart 
disease morbidity and mortality in populations exposed to 
dioxins  [9, 26, 27]  and demonstrated a dose-response gradi-
ent for coronary heart disease mortality  [28] . Exposure to 
POP is associated with atherogenic dyslipidemias  [29]  and 
development of detectable atherosclerotic lesions in arteries 
 [30] . Results of human studies indicate that the leading 
mechanism responsible for the atherogenic effect of POP is 
their interference with lipid metabolism in the liver that 
promotes development of atherogenic dyslipidemias. Ani-
mal studies have provided evidence supporting this obser-
vation  [10, 31] . Other plausible mechanisms of the athero-
genic effect of POP include oxidative stress-mediated direct 
damage to endothelial cells and inflammation  [32, 33] .

  Several epidemiological and animal studies have dem-
onstrated a strong association between exposure to POP 

and risk of type 1 and type 2 DM  [13, 14, 34] . The most 
likely mechanism is gene expression dysregulation  [33–
35]  leading to impaired glucose transport and  � -cell in-
sulin depletion.

  We investigated the association between residential 
proximity to POP and hospitalization rates for IS with co-
morbid DM for a reason. DM is not only a risk factor for 
IS, but it also worsens prognosis for IS patients  [4] . This 
makes exposure to POP, as a risk factor for both IS and 
DM, particularly harmful and alarming from the public 
health perspective. A previous study from our group has 
shown that residential proximity to POP is associated 
with an increased risk of hospitalization for DM  [35] .

  As expected, the adjusted analysis demonstrated a sta-
tistically significant positive association of IS-DM hospi-
talization rates with African American race, male gender 
and older age. While investigation of these associations 
was not a primary goal of our study, they are consistent 
with the current knowledge of well-established stroke 
risk factors and thus serve as indirect quality indicators 
for our adjusted analysis model proving its biological 
plausibility.

  Our study is not free from limitations. Information on 
hospital discharges from federally regulated facilities, 
such as those operated by the US Department of Veterans 
Affairs, was not available, nor was information on some 
risk factors, such as smoking and diet. Our study’s cor-
relational data are not sufficient to draw an ultimate 
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cause-effect conclusion. Zip code of residence is a crude 
measure of residential proximity to the environmental 
sources of POP; individual-level information on the ex-
posure status would be helpful, but was unavailable in 
this study. However, a nondifferential misclassification of 
exposure status can cause bias towards the null resulting 
in underestimation of the obtained RR. Thus, if residen-
tial proximity had been measured more precisely, we 
would likely have found an even stronger association be-
tween living near POP-contaminated waste sites and the 
increase in IS-DM hospitalization rates.

  In conclusion, the present study of 19,502 IS-DM hos-
pitalizations has demonstrated that residential proximity 
to the environmental sources of POP is associated with a 
statistically significant increase in IS-DM hospitalization 
rates. Our findings support the growing body of evidence 
of POP being an important risk factor for atherosclerosis-

related diseases. Given the involuntary nature of residen-
tial exposure to POP, our results not only provide an ad-
ditional insight into determinants of the disease frequen-
cy in populations, but also carry implications for public 
health approaches aiming to reduce the incidence and 
burden of cerebrovascular disease. Further studies inves-
tigating pathophysiological mechanisms of the athero-
genic effect of POP are warranted.

  Acknowledgements 

 This study was supported by the Ohio University Research 
Challenge Award (to A.V.S.) and a grant from the Fogarty Inter-
national Center, National Institutes of Health (TW000636, to 
D.O.C.), with additional support from the Institute for Health and 
the Environment (to D.O.C.). We thank Robbie Huang for assis-
tance with the demographics data.
 

Table 2.  Adjusted RR of IS-DM hospitalization in relation to environmental POP exposure status and demographic characteristics

Parameter �-Coefficient Standard error Adjusted RR p value

POP (compared to no-POP)1 0.096 0.045 1.10 (1.01–1.20) 0.031
Males (compared to females)2 0.295 0.018 1.34 (1.30–1.39) <0.001
Blacks (compared to whites)3 1.512 0.044 4.54 (4.16–4.94) <0.001
Age (compared to 25–34 years old)4 <0.0015

35–44 years 0.326 0.143 1.39 (1.05–1.83)
45–54 years 1.377 0.141 3.96 (3.01–5.22)
55–64 years 2.439 0.141 11.46 (8.69–15.11)
65–74 years 3.368 0.140 29.02 (22.04–38.22)

F igures in parentheses indicate 95% CI. 1 Adjusted for gender, race and age. 2 Adjusted for exposure status, race and age. 3 Adjust-
ed for exposure status, gender and age. 4 Adjusted for exposure status, gender, and race. 5 p value for trend, Wald statistic.

Table 3.  Adjusted RR of IS-only (without DM comorbidity) hospitalization in relation to environmental POP exposure status and de-
mographic characteristics

Parameter �-Coefficient Standard error Adjusted RR p value

POP (compared to no-POP)1 0.085 0.035 1.09 (1.02–1.17) 0.016
Males (compared to females)2 0.364 0.013 1.44 (1.40–1.48) <0.001
Blacks (compared to whites)3 1.040 0.044 2.83 (2.60–3.09) <0.001
Age (compared to 25–34 years old)4 <0.0015

35–44 years 0.621 0.064 1.86 (1.64–2.11)
45–54 years 1.571 0.073 4.81 (4.17–5.56)
55–64 years 2.517 0.074 12.39 (10.72–14.32)
65–74 years 3.520 0.074 33.79 (29.23–39.06)

F igures in parentheses indicate 95% CI. 1 Adjusted for gender, race and age. 2 Adjusted for exposure status, race and age. 3 Adjust-
ed for exposure status, gender and age. 4 Adjusted for exposure status, gender and race. 5 p value for trend, Wald statistic.
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