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Why Does Rhode Island Have the Greatest Incidence of
Bladder Cancer In the United States?
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For years, Rhode Island (RI)Rhode Island (RI)Rhode Island (RI)Rhode Island (RI)Rhode Island (RI) has had the
greatest incidence of bladder cancer in
the United States for both men and
women.  In fact, compared with the
United States (US) overall, all of the New
England states and New Jersey have dis-
proportionately elevated bladder cancer
rates.  (Figure 1) From 2002-2006, the
age-adjusted incidence of bladder can-
cer for men was 53.1/100,000 in Rhode
Island versus 37.4/100,000 in the US;
for women, it was 13/100,000 versus 9.4/
100,000, respectively.1 (Table 1) In the
US, urothelial (transitional cell) carci-
noma accounts for about 90% of all blad-
der cancers.   Less commonly, bladder
neoplasms may be squamous cell (5%),
adenocarcinoma (2%), and rarely small
cell, lymphoma, or sarcoma.  Because
urothelial carcinoma is the predominant
form of bladder cancer in the US and in
RI, this review will focus on the epidemi-
ology and risk factors of urothelial blad-
der carcinoma and some potential causes
for the regional disparities.

NATIONAL AND STATE
EPIDEMIOLOGY

About 71,000 people (53,000 men
and 18,000 women) were diagnosed
with urothelial bladder cancer in the US
in 2009. The median age at diagnosis was
69 years in men, 71 years in women.
There were an estimated 14,000 deaths.2

Nationally, bladder cancer is more com-
mon in men, with a 3:1 ratio of males to
females.  Among men, it is more com-
mon in Caucasians, with a 2:1 ratio of
Caucasians to African Americans.
Whether this racial disparity is due to
differences in genetics, exposure patterns
or other health-related behaviors remains
under investigation. Although bladder
cancer is more common in men and Cau-
casians, women and African Americans
are more likely to present at later stages
and have a worse prognosis.3

In RI, about 370 people were newly
diagnosed with bladder cancer in 2008.
Among Rhode Island men, bladder can-
cer is the fourth most common new can-

cer diagnosis, after prostate, lung, and
colorectal cancer.  Of the 6674 Rhode
Islanders diagnosed with bladder cancer
from 1987-2007, 73% were male and
27% female.1 (Table 2)  Most (58%)
were 70 years or older, but 18% were
younger than 60 years at diagnosis. The
vast majority (98%) were Caucasian,
which likely reflects Rhode Island’s over-
all racial and ethnic distribution.

About 75% of urothelial cancers are
diagnosed at a superficial stage and 25%
are muscle invasive or metastatic at diag-
nosis. According to data from 2004-
2007, about 77% of Rhode Island cases
were diagnosed at a superficial stage, com-
pared with 74% of US cases in that pe-
riod.1 (Table 3) This is a critical distinc-
tion because superficial cancers are gen-

erally managed with localized therapies
and careful urologic surveillance. In con-
trast, muscle invasive or metastatic can-
cers may also require systemic therapy and
have a worse prognosis. Unfortunately,
about 80% of those with superficial dis-
ease eventually have a recurrence or pro-
gression.

Because most bladder cancers are
diagnosed at an early stage, the preva-
lence of people living with bladder can-
cer is quite high. It is estimated that over
500,000 people are living with bladder
cancer in the United States, with about
390,000 men and 140,000 women.  In
fact, among middle-aged and elderly men
in the United States, bladder cancer is
the 2nd most prevalent malignancy, after
prostate cancer.  In addition, the United
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States spends about $3.7 billion per year
on surveillance and treatment for patients
with bladder cancer, making this one of
the most expensive malignancies to moni-
tor and treat.4

PATHOGENESIS
As the surface epithelium lining the

urinary tract mucosa, the urothelium is
exposed to carcinogens excreted in the
urine or activated from precursors by

hydrolyzing enzymes in the urine.  The
latency period from carcinogen exposure
to urothelial cancer development lasts
from years to decades. Aberrations in ei-
ther carcinogen activation or detoxifica-
tion may lead to neoplastic development.
Several metabolic pathways are involved
in carcinogen activation, including the
cytochrome P450 enzymes. Some re-
search has shown that smokers with a
genotype for extensive metabolic activa-

tion have an increased incidence of
urothelial carcinoma.5 Conversely, aber-
rations in carcinogen detoxification have
also been implicated.  For example, aro-
matic amines are detoxified by acetyla-
tion. “Slow” acetylators may have in-
creased risk of cancer development, es-
pecially when faced with additional toxic
exposures.6 In addition, several oncogenes
and tumor suppressor genes have been
implicated in the development of
urothelial carcinoma, including p53, re-
tinoblastoma, and p16.7

RISK FACTORS AND REGIONAL
SIGNIFICANCE

In examining the etiology of Rhode
Island’s persistently elevated bladder can-
cer incidence, it is important to consider
risk factors for bladder cancer and spe-
cifically those factors that may be more
prevalent in Rhode Island. Cigarette
smoking and occupational exposures are
the leading identified risk factors for
bladder cancer in the United States and
in Rhode Island. Other possible risk fac-
tors have been described (Table 4).

Tobacco Use
The association between tobacco use

and bladder cancer has been described
extensively. Cigarette smoke contains
numerous chemicals identified as
urothelial carcinogens, including aro-
matic amines and polycyclic aromatic
hydrocarbons. In the US, smoking is im-
plicated in 50-60% of bladder cancer
cases in men and 30% in women.8 The
rate of bladder cancer in smokers is two
to three times that in nonsmokers, with
long-term heavy smokers having a five-
fold or more increased risk. The latency
period from exposure to cancer develop-
ment is thought to be 20 years or more.
Smoking cessation has been found to re-
duce bladder cancer risk, but not to re-
turn it to baseline; a meta-analysis of
eleven case-control studies found that
after one to four years of smoking cessa-
tion, bladder cancer risk decreased by
35%. After 25 years, it decreased by 60%,
but remained greater than that in never
smokers.8

In 1978, the National Cancer Insti-
tute initiated the landmark National
Bladder Cancer Study (NBCS), the larg-
est and most detailed bladder cancer in-
vestigation of its time. The NBCS was the
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first study to use data from the entire
Surveillance, Epidemiology, and End
Results (SEER) network of 10 centers,
and included nearly 3000 cases diag-
nosed over one year and 5800 controls.
Interview data examined occupational,
medical, environmental, and lifestyle in-
fluences on risk. This was the first study
to report excess bladder cancer risk asso-
ciated not just with cigarette use but also
with pipe or cigar smoking.  It also found
that smoking cessation was associated
with a reduction in risk.9

According to the Centers for Dis-
ease Control and Prevention, over 50%
of men and 34% of women smoked ciga-
rettes in the US in the 1960s.10 Although
Rhode Island did not officially monitor
cigarette smoking prevalence until the
1970s, local health officials have esti-
mated that smoking rates in men in the
1950s exceeded this already high na-
tional average and remained elevated for
many years. Over the last 50 years, how-
ever, Rhode Islanders have made signifi-
cant progress in smoking cessation, and
it is estimated that they have had below
average smoking rates for several decades.
Currently, Rhode Island has the 12th low-
est rate of tobacco use in the country, with
about 19% of men and 20% of women
continuing to smoke cigarettes.11 Given
the long latency period and the persis-
tently elevated risk of bladder cancer in
former smokers, the state’s historical to-
bacco use patterns may play a role in the
elevated rates seen in more recent de-
cades.  However, this effect should at-
tenuate with time, and it is unlikely that
smoking alone is causing Rhode Island’s
persistently elevated bladder cancer rates.

Occupational Exposures
Numerous studies have identified an

association between certain occupational
exposures and bladder cancer. Occupa-
tional exposures are thought to account
for 10-20% of bladder cancers. The most
compelling and consistent evidence im-
plicates textile workers including dye us-
ers and weavers, dyestuff manufacturers,
aromatic amine manufacturing workers,
rubber workers, leather workers, paint-
ers, aluminum workers, and truck driv-
ers. It is thought that occupation-related
exposures to aromatic amines, including
2-naphthylamine and benzidine, are re-
sponsible for these elevated bladder can-
cer rates, particularly in dyestuff and rub-
ber workers.12 Exposure to diesel exhaust
and decreased micturition have been sug-
gested as potential risk factors in truck
drivers. As with exposure to carcinogens
in cigarette smoke, the latency period for
these exposures is likely 20 years or more.
New England has had a long history in
the textile industry, and it is likely but not
proven that these and other occupational
exposures have contributed to our in-
creased incidence of bladder cancer.

The New Hampshire Bladder Can-
cer Study (NHBCS) further investigated
occupational and other exposure risks.13

A population based case-control study
begun in 1994 and expanded to include
Maine and Vermont as the New England
Bladder Cancer Study (NEBCS) in
2002, this study collected not just inter-
view data but also water samples, toenail
clippings, blood, and urine samples for
analysis. The NHBCS confirmed the re-
sults of previous studies showing excess

risk in male truck drivers, and male
metal/plastics workers, after adjusting for
age and smoking status. Among truck
drivers, they found a positive trend of
increasing risk with duration of employ-
ment. In addition, they identified excess
risk in female sales clerks and female
health service workers, mainly nursing
aides. The etiology of these associations
was unclear, but the authors postulated
that decreased micturition in the former
and possibly exposure to chemotherapeu-
tic agents in the latter group could play a
role. Unfortunately, this study was lim-
ited in its ability to identify workers in
the specific fields of textile, rubber,
leather, and aromatic amine manufactur-
ing industries.13

Water Contaminants
In addition, drinking water con-

taminants have been associated with blad-
der cancer. By-products of water chlori-
nation, such as halogenated hydrocarbon
compounds,14 and elevated arsenic lev-
els15 have been associated with increased
risk.  A well-described bladder carcino-
gen, arsenic has been associated with can-
cers of the bladder, skin, and lung. Spe-
cifically, arsenic concentrations greater
than 150 ug/L have been associated with
bladder cancer, and researchers have de-
scribed a dose-response relationship be-
tween arsenic levels and cancer develop-
ment.16

Under the Safe Drinking Water Act,
the US Environmental Protection
Agency (EPA) regulates the arsenic con-
centration of drinking water in the
United States.  In response to risk assess-
ments suggesting a link to cancers at even
lower arsenic concentrations than previ-
ously thought, the EPA reduced the
maximum accepted contaminant level
from 50ug/L to 10ug/L.15 While the EPA
regulates arsenic concentrations in pub-
lic water supplies, it has no regulatory
capacity over private well use.  In parts
of New England, particularly New
Hampshire and Maine, as many as 40%
of residents use private wells. Research-
ers have reported elevated arsenic levels
in bedrock aquifers in some regions in
these states.16 Noting these elevated ar-
senic levels and the fairly common use of
unregulated private well water in this
area, researchers hypothesized that this
might be contributing to the elevated
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rates of bladder cancer in New England.
In fact, this was a key question posed by
the NHBCS.

Unfortunately, the effects of arsenic
exposure on bladder cancer risk have
proven complicated to define clearly in
these populations.  In analyses completed
to date, the NHBCS has found no asso-
ciation between arsenic exposure and
bladder cancer risk among never smok-
ers.  However, among smokers, those
smokers in the uppermost arsenic expo-
sure category did demonstrate a non-sta-
tistically significant excess risk (OR 2.17,
95% CI 0.92 – 5.11).17 Research is on-
going to better define this potential in-
teraction.  Other researchers have also
suggested that tobacco use may enhance
the carcinogenic effect of arsenic expo-
sure. In addition, researchers are investi-

gating the potential role of DNA methy-
lation and other epigenetic events which
may be associated with increased blad-
der cancer risk.

While arsenic from well water remains
a possible contributor to elevated bladder
cancer rates in Rhode Island, it seems un-
likely that it contributes significantly if at
all.  While 30-40% of New Hampshire
residents rely on private well water, only
about 10% of Rhode Islanders do. In ad-
dition, Rhode Island does not appear to
have the elevated levels of arsenic in bed-
rock aquifers found in parts of northern
New England. Other potential sources of
arsenic exposure include soil contamina-
tion and pressure-treated lumber.  In most
areas with elevated arsenic levels, this has
been associated with prior land use, in-
cluding arsenic-containing pesticides at

former orchard sites. Currently, the pub-
lic water sources are in compliance with
the state’s regulations on safe arsenic lev-
els, and there is no evidence to suggest that
the 10% of residents who obtain water
from private wells have elevated arsenic
levels in their water, although this data is
not currently monitored.

Iatrogenic Factors
Cyclophosphamide, a chemothera-

peutic agent often used to treat non-
Hodgkin’s lymphoma, is an established
bladder carcinogen with a dose-depen-
dent relationship. One case-control study
reported a four-fold increased risk of
bladder cancer and an absolute risk of
between three and seven excess cancers,
depending on cumulative doses, per 100
non-Hodgkin’s lymphoma patients after
fifteen years of follow up.18  Pelvic irra-
diation for prostate, ovarian, and cervi-
cal cancer has been associated with a 1.5
to four times increased risk of bladder
cancer and a latency period of only five
to ten years.19 Historically, heavy use of
phenacetin-containing analgesics has
been associated with increased risk of can-
cer of the bladder, renal pelvis, and ure-
ter, prompting its classification as a car-
cinogen in 1987 and its removal from
most of the European countries and the
United States.

ADDITIONAL FACTORS
Decreased fluid intake has been as-

sociated with increased bladder cancer
incidence. In the Health Professionals
Follow Up study with 48,000 partici-
pants, those who drank <1.3 liters of
fluid daily had twice the risk of bladder
cancer as those who drank over 2.5 liters
daily.20 Chronic bladder irritation has
been implicated in the development of
squamous cell bladder cancer, rather than
urothelial carcinoma. Classically, infec-
tion with Schistosoma haematobium has
been associated with squamous cell blad-
der cancer, likely due to chronic bladder
inflammation. In regions with endemic
schistosomiasis, such as the Middle East,
Asia, and Africa, most bladder cancers
are squamous cell carcinomas, rather
than urothelial carcinomas. Similarly,
some data have shown that spinal cord
injury patients with neurogenic bladder
may be at increased risk of squamous cell
bladder cancers.21

* Modified from Negri E, La Vecchia C. Epidemiology and prevention of bladder cancer. Eur J Cancer
Prevention 2001;10:7-14. 
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In that Rhode Island welcomes
many new residents each year, it is im-
portant to consider not only local factors
but also exposures in recent immigrant
populations. Currently two of the larg-
est immigrant populations are Hispanics
and Africans.1 New residents may bring
both old and new exposures with them,
and environmental factors elsewhere may
affect cancer incidence in our state.  On
the basis of current immigration patterns,
there is no reason to expect a great im-
pact on our current trends in bladder
cancer incidence, but this remains an-
other factor to monitor.

CONCLUSIONS
In summary, Rhode Island has the

greatest incidence of bladder cancer in
the nation. The cause of this disparity
remains unproven, although compelling
explanations have emerged. The two his-
torical exposures that appear to have had
the greatest impact are high rates of to-
bacco use and specific occupational ex-
posures. Given the very long latency pe-
riod of bladder cancer development, it is
likely that we are continuing to see the
delayed effects of these exposures.  The
impact of arsenic and other water con-
taminants on our state’s bladder cancer
incidence appears to be small, if any, and
any effects they may have are likely to be
constant over time. Research is ongoing
in this area.

As Rhode Island’s rates of tobacco
use and specific occupational exposures
have significantly declined in the last sev-
eral decades, the magnitude of their com-
bined effects should attenuate with time.
If these truly are the main factors influ-
encing our currently elevated bladder
cancer incidence rates, then we predict
that these rates will level off and start to
decline over the next several years to de-
cades. We will continue to monitor these
trends vigilantly. Realizing that a height-
ened awareness of bladder cancer risk
could translate into increased surveillance
and increased detection of superficial
cancers, we will also continue to monitor
trends in the stage at which these can-
cers are diagnosed.  Bladder cancer con-
tinues to have a significant impact on the
health of Rhode Islanders, and we will
continue to investigate ways to better
understand and reduce this burden for
our residents.
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