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Sleep Apnea: A Common Mechanism for the Deadly
Triad—Cardiovascular Disease, Diabetes, and Cancer?

The last decade has produced compelling data implicating sleep-
disordered breathing (SDB) as a risk factor for hypertension,
diabetes, stroke, coronary artery disease, and heart failure. Al-
though SDB commonly occurs in obese individuals, these
relationships have persisted even after considering potential con-
founding by adiposity (1-5). Potential mediators include SDB-
associated oxidative stress, inflammation, insulin resistance, and
endothelial dysfunction. Such evidence from epidemiological
and translational research has stimulated efforts to understand
how SDB interventions may improve metabolic function and
reduce inflammation, with the goals of reducing cardicvascular
disease and diabetes incidence and morbidity.

Obesity, a frequent co-conspirator with SDB, is associated
not only with cardiovascular disease and diabetes, but also with
an increased incidence of cancer and cancer mortality. The
strength of associations linking obesity and cancer vary for pop-
ulation subgroups and for cancer type (6). Overall, obesity Is
estimated to account for 15 to 20% of cancer deaths (7). Asso-
ciations between cancer incidence and obesity generally suggest
dose-response relationships with progressively higher rates of
cancer of the colon, prostate, esophagus, and breast (postmen-
opausal) occurring with increasing body mass index (8, 9). In-
creased visceral obesity may better predict cancer than body
mass index (10), pointing to the importance of metabolic dys-
function in cancer biology. Components of the metabolic syn-
drome, including abnormalities in insulin and insulin-like growth
factor-1 pathways, may play mediating roles in obesity-related
cancer risk. The latter is supported by studies showing diabetics
to have increased rates of cancers of the kidney, breast (post-
menopausal), liver, pancreas, and endometrium (11).

Despite the high prevalence of obesity, diabetes, and meta-
bolic dysfunction in individuals with SDB, there has been surpris-
ingly little research that has addressed whether SDB is associated
with cancer. The article in this issue of the Journal by Nieto and
colleagues (pp. 190-194) provides important novel data impli-
cating SDB as a significant contributor to all-cause and cancer-
specific mortality (12). Specifically, the Wisconsin Sleep Cohort,
which previously had provided the first population-based prev-
alence data for SDB in the United States (13), and crilical data
linking SDB to incidence of hypertension and diabetes (5, 14),
now enriches the literature with new findings from a 22-year
follow-up analysis of over 1,500 study participants. Baseline
polysomnography was used to characterize SDB severity and
many important potential confounders were adjusted for, in-
cluding tobacco use, alcohol, and physical activity. Sleep dura-
tion, which has also been associated with colon polyps and
breast cancer (7, 15), also was considered in analyses. A total
of 112 deaths were identified over the follow-up period, includ-
ing 50 cancer deaths. A statistically significant trend for increas-
ing cancer mortality was observed with higher levels or SDB,
measured either by the apnea-hypopnea index or degree of
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overnight hypoxemia. Furthermore, results appeared to be
stronger in analyscs of nonobese participants and in analyses
that excluded participants who used continuous positive airway
pressure during the fellow-up peried. The authors speculated
that SDB may enhance angiogenesis within tumor tissues, lead-
ing to more aggressive tumor progression. Potential mediating
pathways noted were those potentially stimulated by SDB-
associated intermittent hypoxemia, including hypoxia-inducible
factor, with its up-regulation ol proangiogenic factors such as
vascular endothelial growth factor (16). However, because the
study did not have data on cancer incidence, it is unclear whether
the observed association was due to a higher rate of cancers
(which may be explained by metabolic and inflammatory mech-
anisms), rather than to a more aggressive cancer biology associ-
ated with angiogenesis or to other factors. Furthermore, because
the total absolute number of cancers of any given type was small,
it is difficult to determine whether the additional cancers were
those known to be associated with metabolic dysfunction and
obesity or were cancers that may occur or progress through path-
ways other than those associated with adiposity.

The authors noted that only baseline data were used to mini-
mize the effects of reverse causality. However, it is known that in
addition to adiposity, weight gain, reflecting changing metabolic
and nutritional profiles, may influence the propensity for certain
cancers. Furthermore, only limited data on nutrition and physical
activity were available. Compared with those with less severe SDB,
participants with SDB were more obese, had lower education, and
had poorer overall health status. Thus, it is possible that despite the
careful statistical modeling, there were unmeasured confounders
that may have accounted for the observed associations.

Although the data provided by Nieto and colleagues suggest
an intriguing link between SDB and cancer, it is only a first step.
As noted by the authors, their study was underpowered to deter-
mine whether risks for cancer mortality differed among various
types of cancer. Furthermore, although some of the analyses sug-
gest a dose-response relationship between cancer mortality and
severity of SDB, it is unclear whether there is a threshold value
of SDB or hypoxemia that confers increased risk. Thus, addi-
tional adequately powered cohort studies are needed to address
the aforementioned important questions as well as to determine
whether the increase in cancer mortality is related to a greater
incidence rate, more aggressive biology of prevalent discase, or
both. Moreover, future studies are needed to elucidate whether
hypoxia-induced angiogenesis, as hypothesized by the authors,
is the mechanism underlying the increase in mortality, or an-
other as yet unidentified factor.

Cardiovascular disease, cancer, and diabetes account for ap-
proximately two-thirds of all deaths in the United States, resulting
in $700 billion dollars in direct and indirect economic costs. It is
estimated that economic costs of SDB are $65-165 billion dollars
(17). Thus, there are substantial personal and econormic impacts
of these conditions. In 2004, the American Heart Association,
American Diabetes Association, and American Cancer Society
issued a call for a collaborative effort to identily and treat common
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risk factors for cardiovascular discase, cancer, and diabetes such as
obesity, tobacco exposure, poor diet, and reduced physical activity
(18). The findings by Nieto and colleagues suggest that in addition,
SDB also may be a modifiable risk factor common to these other
diseases with major public health burden, but additional confirma-
tory data are required.
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