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Appendix A: Breast cancer, body weight, insulin resistance, and diabetes
Diet, physical activity levels, and body weight are major determinants of blood glucose
levels, baseline insulin levels, insulin sensitivity, and general metabolic profiles.1,2,3,4,5,6 Other factors that contribute to insulin resistance include stress and sleep deprivation. Newly
emerging data also find an association between insulin resistance and exposure to certain
environmental chemicals.7,8
Obesity is associated with increased risk of post-menopausal breast cancer as well as cancers of the colon, uterus, esophagus, gallbladder, pancreas, kidney, and thyroid.9 Obesity is
also a risk factor for diabetes among other disorders. Epidemiologic studies have found an
increased risk of several kinds of cancer in association with diabetes, including liver, pancreatic, colorectal, gynecologic, and breast.
Type 2 diabetes is characterized by elevated blood glucose caused by insulin resistance and
ultimate defects in insulin secretion. Early in the development of the disorder as insulin resistance develops, increased secretion of insulin helps to keep blood glucose levels relatively
normal.10, 11 Ultimately β-cell function in the pancreas declines, insulin levels fall, and blood
glucose begins to rise.
Insulin increases the biologic activity of insulin-like growth factor I (IGF-I) by stimulating
IGF-1 production and decreasing some IGF binding proteins. Both insulin and IGF-1 can
promote tumor development and/or progression by stimulating cell proliferation and inhibiting apoptosis (programmed cell death).12 Insulin and IGF-1 also decrease levels of sex
hormone binding globulin (SHBG), thereby increasing bioavailable levels of testosterone
and estrogen. Insulin also stimulates sex hormone production in the ovary, primarily androgens.13 Solid tumors are able to utilize glucose for energy production, even in the presence of relatively low oxygen levels.14 For these reasons, there is considerable interest and
concern about the role of elevated blood glucose, insulin, and IGF-1 levels in breast cancer
development, progression, and outcomes, whether or not clinical diabetes is present and
recognized. A number of large prospective studies report increased risk of breast cancer
with elevated levels of fasting blood glucose, although associations with insulin and IGF
levels are mixed.
Studies of glucose metabolism and breast cancer occurrence
In the Italian (ORDET) cohort of 10,673 participants, after an average follow up of 13.5
years, women with the highest glucose levels at baseline had a significantly greater risk of
breast cancer than those in the lowest. (RR 1.63)15 This association remained significant
when data from pre- and post-menopausal cases were analyzed separately. Highest insulin
resistance was also significantly associated with higher risk. In women over 55 years old at
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diagnosis, the relative risk was more than 2-fold higher in those with the highest quartile of
glucose levels compared to the lowest.
In a population based study of 33,293 women and 31,304 men in Sweden, total cancer risk
in women increased by 26 percent with higher fasting blood sugar compared to lowest.
Pre-menopausal breast cancer risk was increased 2-fold with higher fasting blood sugar.16
In a population cohort study of 140,000 Austrian adults, after an average 8.4 yrs follow
up highest fasting blood sugar was associated with an increased likelihood of all cancers
combined (HR 1.20 in men; 1.28 in women). In post-menopausal women over 65, higher
fasting blood sugar was associated with increased breast cancer risk (HR 1.38).17
A pooled cohort study of 290,000 women from Austria, Norway, Sweden identified increased risk of breast cancer incidence and mortality with increased glucose (RR=1.57)
and BMI in women over 60 after 11 years of follow up. In women less than 50, breast cancer
risk decreased with higher BMI but increased with higher levels of blood glucose.18
A nested case control study of 10,786 women who were 35-69 years old found significantly increased risk of breast cancer in premenopausal and heavier post-menopausal women
with higher levels of fasting blood glucose after 5.5 years of follow up. With longer follow
up, (see the ORDET study above; the same cohort) breast cancer risk was increased for
all post-menopausal women with higher blood glucose. The findings were independent of
insulin and IGF-1 levels 19
In a study of 7,894 women aged 45-64 years from four U.S. communities, authors examined the association of breast cancer incidence with serum levels of insulin and glucose over
an average follow-up period of 7.1 years. 187 breast cancer cases were identified. Breast
cancer risk increased with higher BMI but not with serum insulin level. After adjustment
for age, race, and study site, the incidence of breast cancer was 60 percent higher among
diabetic women than among women with normal fasting glucose levels, but this increase
was no longer statistically significant after adjustment for body mass index.20
A study of 5,450 participants enrolled in the Women’s Health Initiative examined the relationship between glucose, insulin, and insulin resistance measures at baseline and the risk
of breast cancer with an average 8-year follow-up period. All participants were post-menopausal (age 50-79 at entry); it included black, Hispanic, Asian-Pacific, and white women;
during the follow up period 153 cases of invasive and 37 cases of carcinoma in situ were
diagnosed. Mean serum glucose and insulin levels were measured at baseline and at years 1,
3, and for some at year 6 of follow up. Glucose levels were higher in women who developed
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breast cancer than in those that did not, and this relationship was significantly greater in
black women. Baseline insulin levels and insulin resistance were both significantly higher in
women who developed breast cancer.21
One prospective study of 9738 women, however, with up to 24 years follow up, found no
association of breast cancer with fasting blood sugar in pre- or post-menopausal women.22
Effect of diabetes on breast cancer outcome/prognosis
A meta-analysis of 8 studies showed a 49 percent increased risk of all cause mortality in
women with diabetes and breast cancer during the follow up period that ranged from 1-12
years.The authors noted that women with diabetes tend to be diagnosed at a more advanced
stage of breast cancer than non-diabetics and the presence of diabetes appeared to modify
treatment choices in varying ways.23
A more recent study of 3003 early stage breast cancer survivors, not included in this meta-analysis, also found that chronically elevated blood sugar was associated with a shorter
disease-free period and two-fold increased risk of all cause mortality compared to participants with normal blood sugar levels.24
A study of 331 African American and 257 white women with stage I, II, or III breast cancer found that diabetes significantly shortened the period of disease-free survival following
initial treatment, adjusted for age, stage, nodal involvement, ER/PR status, and co-morbidities.25
A prospective cohort study of 527 multiethnic women diagnosed with stage I-III breast cancer evaluated the association between adiponectin, insulin, glucose, and insulin resistance
levels and breast cancer mortality and all-cause mortality, over an average six years of follow-up. Most participants did not have diabetes. Increasing insulin resistance was associated
with reduced breast cancer survival and reduced all-cause survival when all participants
were considered as a group. When the data were analyzed by subsets, this relationship remained significant for African-American women and for women with ER positive tumors,
but not for Hispanic/non-Hispanic white women or women with ER negative tumors.
Higher levels of adiponectin were associated with longer breast cancer survival.26
Together, these studies show a less favorable prognosis in women with breast cancer who
also have diagnosed or undiagnosed diabetes or patients with different forms of glucose
intolerance, as measured by insulin resistance or elevated fasting blood glucose levels. As
noted in an editorial in the Journal of Oncology:
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“The findings…highlight the influence of insulin resistance on breast cancer
progression. In the era of treatment selectivity and molecular-targeted anticancer drugs, the accumulating evidence of common pathways linking breast
cancer and impaired glucose intolerance or diabetes is increasingly pointing the
way forward. The time has come to overcome the conventional tunnel vision
that results in two diseases being treated by separate clinicians, and to move
towards a comprehensive approach that ideally integrates oncologists, internists, nutritionists, and other health care professionals in an attempt to improve
breast cancer prognosis in a significant proportion of patients.”27
A number of plausible biologic pathways link obesity, insulin resistance, and diabetes to
increased breast cancer risk, particularly post-menopausal, and less favorable outcomes after diagnosis and treatment regardless of menopausal status. These biologic pathways are
favorably influenced by adoption of healthy dietary patterns, weight control, and regular
exercise, and their benefits are demonstrated in epidemiologic studies.28 They should be
routinely included in the daily lives of individuals and encouraged via public health policy
decisions.
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