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A B S T R A C T

Purpose
To examine the association between serum C-peptide, a marker of insulin secretion, measured 3
years after a breast cancer diagnosis, and death resulting from all causes and breast cancer.

Patients and Methods
This was a prospective, observational study of 604 women enrolled onto the Health, Eating,
Activity, and Lifestyle (HEAL) Study who were diagnosed with local or regional breast cancer
between 1995 and 1998 and observed until death or December 31, 2006, whichever came first.
The hazard ratio (HR) for all deaths and deaths owing to breast cancer and 95% CIs for the HR
were estimated using multivariable stratified Cox regression analyses.

Results
Among women without type 2 diabetes, fasting C-peptide levels were associated with an
increased risk of death resulting from all causes and from breast cancer. A 1-ng/mL increase
in C-peptide was associated with a 31% increased risk of any death (HR � 1.31; 95% CI, 1.06
to 1.63; P � .013) and a 35% increased risk of death as a result of breast cancer (HR � 1.35;
95% CI, 1.02 to 1.87, P � .048). Associations between C-peptide levels and death as a result
of breast cancer were stronger in certain subgroups, including women with type 2 diabetes,
women with a body mass index less than 25 kg/m2, women diagnosed with a higher stage of
disease, and women whose tumors were estrogen receptor positive.

Conclusion
Treatment strategies to reduce C-peptide levels in patients with breast cancer, including
dietary-induced weight loss, physical activity, and/or use of insulin-lowering medications, should
be explored.

J Clin Oncol 29:47-53. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Numerous studies have shown obesity and low
levels of physical activity to be associated with an
increased risk of breast cancer.1-4 Obesity at diag-
nosis and low levels of physical activity after a
diagnosis of breast cancer have been associated
with an increased risk of recurrence and death in
women with breast cancer.5-11 One potential
mechanism mediating the association between
obesity, physical activity, and breast cancer may
be circulating insulin levels.12-14

An increased risk of breast cancer has been
observed in women with high insulin levels and in
women with type 2 diabetes.15-17 A recent publi-
cation from the Women’s Health Initiative Obser-
vational Study showed that insulin levels were

associated with breast cancer risk (hazard ratio [HR]
for highest v lowest quartile of insulin level � 1.46;
95% CI, 1.00 to 2.13; P for trend � .02).18 Similar
findings suggest that insulin is a risk factor for endo-
metrial and colorectal cancer.19,20 Few studies
have examined the association between circulat-
ing insulin or C-peptide levels (a marker of insu-
lin production) and breast cancer recurrence or
death.21 Goodwin et al21 examined the association
between fasting insulin, measured within 3
months of diagnosis, and death in women with
breast cancer. Their findings, adjusted for age,
disease stage, treatment, and hormone receptor
status, showed a clinically meaningful and statis-
tically significant three-fold increased risk of
breast cancer death in women with high versus
low fasting insulin levels.
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Given the limited number of studies examining insulin or
C-peptide and breast cancer outcomes, and also the potential for
confounding (eg, by obesity and physical activity), more studies are
necessary to confirm the strong adverse association between insulin or
C-peptide and death owing to all causes and to breast cancer. The
purpose of our study was to examine the association between fasting
C-peptide levels, assessed approximately 3 years after diagnosis, and
subsequent death owing to all causes and breast cancer in an ethnically
diverse sample of women diagnosed with stage I to IIIa breast cancer
enrolled in the Health, Eating, Activity, and Lifestyle (HEAL) Study.
We also examined associations stratified by important prognostic,
demographic, and lifestyle variables, including age, body mass index
(BMI), disease stage, and estrogen receptor status.

PATIENTS AND METHODS

Study Participants

The HEAL Study is a multicenter, multiethnic, prospective cohort
study that has enrolled 1,183 women diagnosed with breast cancer to
determine whether lifestyle, hormones, and other exposures affect breast
cancer prognosis.22-24 Women were recruited through Surveillance, Epi-
demiology and End Results (SEER) registries in New Mexico, Los Angeles
County, and Western Washington. Women with first primary breast can-
cer were contacted to determine eligibility. Details of the study have been
published previously.22-24

Briefly, in New Mexico, we recruited 615 women aged 18 years or older
who were diagnosed with in situ to regional breast cancer between July 1996
and March 1999, and living in Bernalillo, Sante Fe, Sandoval, Valencia, or Taos
Counties. In Western Washington, we recruited 202 women between the ages
of 40 and 64 years diagnosed with in situ to regional breast cancer between
September 1997 and September 1998 and living in King, Pierce, or Snohomish
Counties. In Los Angeles County, we recruited 366 black women aged 35 to 64
years with in situ to regional breast cancer who had participated in the Los
Angeles portion of the Women’s Contraceptive and Reproductive Experiences
(CARE) Study, a case-control study of invasive breast cancer, or who had
participated in a parallel case-control study of in situ breast cancer. Eligible
participants from the two studies in Los Angeles included the subset of black
women who were diagnosed with breast cancer between May 1995 and May
1998. Washington and Los Angeles restricted age eligibility because of com-
peting studies or by design of the parent study.

A total of 1,183 women completed in-person baseline interviews, which
were conducted on average 6 months after diagnosis (Fig 1). A total of 944
women completed in-person interviews approximately 3 years after diagnosis.
Of these, 105 women were excluded because of a diagnosis of in situ breast
cancer, 32 women were excluded who had nonfatal breast cancer events less
than 9 months before their 3-year postdiagnosis interview to avoid confound-
ing from recent treatment, and 103 women did not have C-peptide results. The
final sample is based on data for 604 participants.

Of the 604 women, 58 reported having a physician-diagnosis of type 2
diabetes. We analyzed postdiagnosis fasting C-peptide in relation to all causes
of death and breast cancer deaths among 546 women without type 2 diabetes
and also compared risk of death among women with type 2 diabetes with that
among women without type 2 diabetes who had low C-peptide levels. We
conducted additional analyses of all 604 women, including those with type
2 diabetes.

The study was performed with the approval of the institutional review
boards of participating centers, in accord with assurances filed with and ap-
proved by the US Department of Health and Human Services.

Data Collection

Fasting C-peptide levels. A 30-mL 12-hour fasting blood sample was
collected at the 3-year follow-up visit. Blood was processed within 3 hours of
collection; serum was stored in 1.8-mL aliquot tubes at �80°C. Assays were

performed at the University of Southern California (USC) for California
subjects. For the other two sites, C-peptide assays were conducted in the
University of New Mexico (UNM) laboratory. All samples were randomly
assigned to assay batches and randomly ordered within each batch. Personnel
performing the assays were blinded to subject identity and characteristics.25 The
C-peptide of Insulin 125I RIA kit from Incstar (Stillwater, MN) was used to mea-
sure C-peptide levels (sensitivity of 0.1 ng/mL).25 The intra-assay coefficient of
variation for the USC-measured samples was 10.5% and for the UNM-measured
samples was 9.4% and 5.6%, respectively for low and high BioRad standards.

Outcome assessment. Follow-up ranged from 5 to 8 years from diagno-
sis, with a median follow-up of 6 years. Women were observed until death or
December 31, 2006. Total and breast cancer mortality were defined as time
from the 3-year postdiagnosis follow-up interview (when serum samples were
collected) to death from any cause or end of follow-up (December 31, 2006).
For breast cancer mortality, deaths from other causes were censored at date
of death.

SEER records and death certificates were used to determine the vital
status of participants. Prior literature indicates that breast cancer death is
accurately reported on death certificates with confirmation rates that are
greater than 93% when comparing death certificates with medical records.26

Covariates. Trained staff measured weight with a digital scale and height
with a stadiometer at the 3-year postdiagnosis clinic visit. Measurements were
made with women wearing light indoor clothing and no shoes to the nearest
0.1 kg and 0.1 cm. All measurements were performed twice and averaged for a
final value. BMI (weight in kilograms divided by height in meters squared) was
calculated for all participants.

Medical history and demographic and lifestyle information were
collected at the 3-year visit. Information on disease stage, hormone recep-
tor status, adjuvant therapy, and hormonal therapy was abstracted from
SEER records and medical records. Information on menopausal status
(postmenopausal defined as no menses in the past 12 months), race/
ethnicity, education, smoking status, family history of breast cancer, co-
morbidities (Charlson score) and physician-diagnosed type 2 diabetes
were self-reported at the 3-year postdiagnosis visit. Physical activity level
was determined using the interview-administered Modifiable Activity
Questionnaire, developed by Kriska et al,27 which assessed various types
and intensities of physical activity reported at the 3-year follow-up inter-
view. For these analyses, metabolic equivalent hours per week of sports/
recreational activities were included as a covariate in the analyses.

Statistical Analyses

Stratified Cox regression models were fit to our data. We estimated the
HR and 95% CI for risk of death in one exposure group compared to a referent
exposure group, adjusting for confounding factors. P values were estimated
using the Wald test for trend.

We conducted analyses with C-peptide classified (1) in tertiles excluding
women with type 2 diabetes; (2) in tertiles, but including a fourth category
of women with type 2 diabetes; and (3) as a continuous variable, excluding
women with type 2 diabetes. For categorical analyses, the reference group was
women without type 2 diabetes and a fasting C-peptide level less than 1.7
ng/mL. Size of tertile categories may not be equal because of some women
having similar C-peptide levels.

We evaluated the relationship between fasting C-peptide and death using
age-adjusted models, age and BMI-adjusted models, and multivariable mod-
els. The multivariable model included age, BMI (� 18.5, 18.5 to 24.9, 25 to
29.9, and 30.0� kg/m2), stage, treatment, estrogen receptor status, and race/
site (African American women and USC, Hispanic women and UNM, non-
Hispanic white women and Fred Hutchinson Cancer Research Center, and
non-Hispanic white women and UNM). Other covariates considered, but not
included in the final model, were menopausal status, education, physical
activity, smoking status, Charlson score, first-degree family history of breast
cancer, grade, and tamoxifen use. However, these variables did not signifi-
cantly change the likelihood ratio score nor alter the HR by more than 10%;
thus they were not included in the final model.

In addition, we also considered whether the association between postdi-
agnosis fasting C-peptide and death varied according to demographic and
prognostic variables, including age, BMI, disease stage, and estrogen receptor

Irwin et al

48 © 2010 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



status. All P values are two-sided, and all analyses were performed using SAS
version 8.2 (SAS Institute, Cary, NC).

RESULTS

Among the 604 women included in this analysis, there were 67 deaths,
33 as a result of breast cancer. Eighty percent of the non–breast cancer
deaths were due to cardiovascular disease. When we excluded the 58
women with type 2 diabetes, 546 women remained. Among these
women, there were 64 deaths, 28 as a result of breast cancer. The
distribution of covariates according to tertile of C-peptide is shown in
Table 1. Women with C-peptide levels more than 2.5 ng/mL were
older, heavier, less physically active, and more likely to have a family
history of breast cancer as compared with women with C-peptide
levels less than 1.7 ng/mL.

Table 2 shows the age-adjusted, age- and BMI-adjusted, and
multivariable-adjusted HRs for death due to all causes by postdiagno-
sis C-peptide levels. Six variables significantly changed the likelihood

ratio score and the hazard ratio by 10% and are included as covariates:
age, BMI, disease stage, estrogen receptor status, adjuvant treatment,
and race/site. A 1-ng/mL increase in C-peptide was associated with a
31% increased risk of death (HR � 1.31; 95% CI, 1.06 to 1.63;
P � .013) in the multivariable-adjusted model.

Results examining the association between C-peptide and deaths
owing to breast cancer are shown in Table 3. Women without type 2
diabetes but C-peptide levels more than 2.5 ng/mL, had a greater than
two-fold increased risk of breast cancer death compared with women
without type 2 diabetes but a C-peptide level less than 1.7 ng/mL
(multivariable-adjusted HR � 2.39; 95% CI, 1.00 to 7.50; P for
trend � .050). Results were slightly stronger when comparing women
with type 2 diabetes with those in the reference group (ie, women
without type 2 diabetes and a C-peptide levels � 1.7 ng/mL;
multivariable-adjusted HR � 2.83; 95% CI, 1.03 to 11.69). Lastly,
among women without type 2 diabetes, a 1-ng/mL increase in
C-peptide was associated with a 35% increased risk of breast cancer
death(multivariable-adjustedHR�1.35;95%CI,1.02to1.87,P� .048).

Data Collection

Conducted on average 6 months after diagnosis
   Age, education, race, measured weight and height
   Tamoxifen, oral contraceptives, menopausal status, 
       parity, age at first birth, breast cancer family 
       history, smoking, diet
   Physical activity (recalled for year before diagnosis 
       and past year post-diagnosis)
   Fasting blood draw

SEER/Medical Record Abstraction

Baseline Survey

3-Year Follow-Up Assessment

Conducted on average 2 years after baseline
Age, education, race, measured weight and height
Tamoxifen, oral contraceptives, menopausal status, 
   parity, age at first birth, breast cancer family 
   history, smoking, diet
Physical activity assessed for past year
Fasting blood draw

Date of diagnosis
Cancer stage and treatment
Hormone receptor status
Cause/date of death

SEER/Medical Record Abstraction

Cause/date of death

Recruitment Flow

Completed baseline survey
   New Mexico
   Western Washington
   Los Angeles County

(N = 1,183)
(n = 625)
(n = 202)
(n = 366)

Excluded from 3-year follow-up
   Deceased
   Refused to participate
   Unable to locate
   Unable to contact within study period
   Too ill to complete questionnaire

Completed the 3-year follow-up

(n = 239)
(n = 44)

(n = 104)
(n = 55)
(n = 17)
(n = 19)

(n = 944)

Excluded from 3-year follow-up for 
   C-peptide and death analyses
      In situ breast cancer
      Recurrent or new primary breast cancer 
          prior to follow-up assessment
      Missing C-peptide
      
Included in the C-peptide (measured 3 years 
   post-diagnosis) and death analyses

(n = 340)
(n = 205)

(n = 32)
(n = 103)

(n = 604)

Fig 1. Participant recruitment and timing
of data collection. SEER, Surveillance, Ep-
idemiology and End Results.

C-Peptide and Death
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The adverse association between C-peptide and breast cancer
death seemed to be even stronger in certain subgroups, including
women with a BMI less than 25 kg/m2, women diagnosed with a
higher stage of disease, and women whose tumors were estrogen

receptor positive (P � .10 for interaction terms for C-peptide with
BMI, stage, and estrogen receptor status; Table 4). However, asso-
ciations between C-peptide and breast cancer death were similar
among younger and older women (P � .68 for interaction for

Table 1. Demographic, Physiologic, and Prognostic Characteristics of HEAL Participants

Characteristic
C-Peptide � 1.7 ng/mL

(n � 184)
C-Peptide 1.7 to 2.5 ng/mL

(n � 187)
C-Peptide � 2.5 ng/mL

(n � 175)
Type 2 Diabetes

(n � 58)

C-peptide, ng/mL
Mean 1.32 2.14 3.49 2.77
SD 0.36 0.23 1.06 1.39

Age, years
Mean 54.2 58.3 59.2 62.2
SD 10.5 10.2� 11.6� 8.3�

BMI, kg/m2

Mean 24.5 26.1 30.3 32.5
SD 5.3 5.1 7.0�† 6.7�

Postmenopausal, % 67 81� 83� 90
High school graduate, % 96 96 95 93
Race/ethnicity, %

Black 32 17 26 36
Hispanic 9 11 15 10
Non-Hispanic white 55 72 56 45

Stage I, % 75 73 68 62
Treatment, %

Surgery only 21 23 27 21
Radiation 39 36 33 36
Chemotherapy 40 42 40 43

ER positive, % 68 76 71 64
Tamoxifen use, % 52 55 51 50
Recreational PA, MET hr/wk

Mean 17.7 13.3 9.9 7.7
SD 24.3 17.7� 14.4�† 57.2�

Family history of breast cancer, % 15 24� 28� 21
Current smoker, % 10 9 7�† 10

Abbreviations: HEAL, Health Eating Activity and Lifestyle Study; SD, standard deviation; BMI, body mass index; ER, estrogen receptor; PA, physical activity.
�Significantly different from C-peptide �1.7 ng/mL, P � .05.
†Significantly different from C-peptide 1.7 to 2.5 ng/mL, P � .05.

Table 2. Fasting C-Peptide and Risk of Death Resulting From All Causes in Women Diagnosed With Breast Cancer

C-Peptide Level
No. of
Events

Total No.
of Patients

Age-Adjusted Model
Age and BMI-Adjusted

Model
Multivariable-Adjusted

Model�

HR 95% CI HR 95% CI HR 95% CI

C-peptide, ng/mL†
� 1.7 19 184 1.00 1.00 1.00
1.7-2.5 22 187 0.91 0.49 to 1.69 1.06 0.57 to 1.99 0.91 0.46 to 1.80
� 2.5 23 175 0.99 0.53 to 1.84 1.24 0.64 to 2.38 0.98 0.48 to 2.02

P for trend .98 .53 .96
C-peptide, ng/mL

� 1.7 19 184 1.00 1.00 1.00
1.7-2.5 22 187 0.91 0.49 to 1.69 1.06 0.56 to 1.97 0.91 0.47 to 1.79
� 2.5 23 175 0.98 0.53 to 1.83 1.26 0.66 to 2.41 1.04 0.52 to 2.11

Women with type 2 diabetes 13 58 1.59 0.78 to 3.26 2.24 1.02 to 4.89 1.47 0.64 to 3.39
C-peptide, ng/mL (continuous)‡ 64 546 1.24 1.03 to 1.49 1.36 1.11 to 1.64 1.31 1.06 to 1.63
P .026 .0023 .013

Abbreviations: BMI, body mass index; HR, hazard ratio.
�Adjustment variables included age, race/site, and initial treatment; stratification variables included BMI, disease stage, and estrogen receptor status.
†C-peptide categories based on tertiles, excluding women with type 2 diabetes.
‡C-peptide (continuous) excludes women with type 2 diabetes. Range of C-peptide is 0.25 to 9.70 ng/mL.
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C-peptide with age). Taking multiple testing into account, sta-
tistical significance would be observed for a P value less than
.05/8 � .00625.

DISCUSSION

We found that women with high fasting C-peptide levels (values � 2.5
ng/mL) collected 3years after diagnosis) had more than a two-fold
increased risk of breast cancer death compared with women with low
C-peptide levels. Healthy or normal C-peptide levels are between 0.5
ng/mL and 2.0 ng/mL, and high levels indicate that the pancreas is
producing too much insulin.28 Women who reported having
physician-diagnosed type 2 diabetes were at an even higher risk of
breast cancer death than women without type 2 diabetes and low

C-peptide levels. However, because of wide 95% CIs in these categor-
ical analyses, these results should be interpreted with caution. Yet the
95% CIs were quite narrow when examining analyses between contin-
uous levels of C-peptide and death owing to all causes and breast
cancer, perhaps because of increased statistical power. Thus the statis-
tically significant and clinically meaningful continuous C-peptide
analyses suggest a strong association with death owing to all causes and
death resulting from breast cancer.

Our results of a positive association between postdiagnosis
C-peptide levels and breast cancer death are similar to the one other
published report by Goodwin et al21 examining this relationship.
However, our analyses also adjusted for (adjuvant treatment and race)
and stratified by (BMI, disease stage, and estrogen receptor status)
covariates known to be associated with insulin or C-peptide levels and
breast cancer outcomes. More specifically, although our sample size,
number of deaths, and greater than two-fold increased risk of breast
cancer death is similar to that of the results of Goodwin et al21 in 512
women (45 deaths, 42 from breast cancer; HR � 3.3; 95% CI, 1.5 to
7.0; P for trend � .002), Goodwin et al examined fasting insulin
collected approximately 3 months after diagnosis and breast cancer
death. C-peptide concentration may be a more stable measure of
insulin production than circulating insulin levels and may have ac-
tions distinct from that of insulin.28 Whether collecting blood close to
diagnosis rather than a couple years after diagnosis affects death dif-
ferently is unknown. A strength of the 3-month postdiagnosis blood
collection of Goodwin et al21 is the preadjuvant treatment assessment;
however, a strength of a 3-year postdiagnosis blood collection is that it
provides evidence that host factors long-term after diagnosis may play
a role in determining risk of death in breast cancer survivors. Lastly, a
limitation of both the study of Goodwin et al21 and our study that is
women were enrolled and treated for breast cancer before 2000 and
therefore before common use of aromatase inhibitors. Thus we are
uncertain whether our results would be similar among women taking
aromatase inhibitors; however, we did adjust for hormone recep-
tor status.

Table 3. Fasting C-Peptide and Risk of Death Resulting from Breast Cancer in Women Diagnosed With Breast Cancer

C-Peptide Level
No. of
Events

Total No.
of Patients

Age-Adjusted Model
Age and BMI-Adjusted

Model
Multivariable-Adjusted

Model�

HR 95% CI HR 95% CI HR 95% CI

C-peptide, ng/mL†
� 1.7 7 184 1.00 1.00 1.00
1.7-2.5 11 187 1.70 0.65 to 4.44 1.96 0.74 to 5.22 2.19 0.74 to 6.47
� 2.5 10 175 1.71 0.64 to 4.58 2.70 0.97 to 7.95 2.39 1.00 to 7.52

P for trend .28 .072 .050
C-peptide, ng/mL

� 1.7 7 184 1.00 1.00 1.00
1.7-2.5 11 187 1.69 0.65 to 4.41 1.92 0.72 to 5.07 2.19 0.75 to 6.42
� 2.5 10 175 1.70 0.64 to 4.54 2.67 0.98 to 7.68 2.55 0.82 to 7.89

Women with type 2 diabetes 5 58 2.81 0.86 to 9.23 4.69 1.30 to 16.91 2.83 1.03 to 11.69
C-peptide, ng/mL (continuous)‡ 28 546 1.21 0.92 to 1.58 1.37 1.04 to 1.82 1.35 1.02 to 1.87
P .18 .027 .048

Abbreviations: BMI, body mass index; HR, hazard ratio.
�Adjustment variables included age, race/site, and initial treatment; stratification variables included BMI, disease stage, and estrogen receptor status.
†C-peptide categories based on tertiles, excluding women with type 2 diabetes.
‡C-peptide (continuous) excludes women with type 2 diabetes. Range of C-peptide is 0.25 to 9.70 ng/mL.

Table 4. Subgroup Analyses of Fasting C-Peptide (continuous) and Risk of
Death Resulting From Breast Cancer

C-Peptide Category
No. of
Events

Total No.
of Patients

Multivariable-
Adjusted Model�

HR 95% CI P

Age � 55 years† 16 248 1.25 0.83 to 1.88 .28
Age � 55 years 12 298 1.42 0.73 to 2.75 .30
BMI 18.5 to 24.9 kg/m2 16 221 1.76 1.01 to 3.07 .046
BMI � 25 11 294 0.97 0.60 to 1.57 .90
Stage I 13 394 0.90 0.48 to 1.69 .74
Stage II to III 15 152 1.58 1.04 to 2.40 .034
ER positive 16 391 1.34 1.03 to 1.95 .041
ER negative 10 107 0.90 0.39 to 2.09 .81

Abbreviations: HR, hazard ratio; BMI, body mass index; ER, estro-
gen receptor.

�Adjustment variables included age, race/site, and initial treatment; stratifi-
cation variables included BMI, disease stage, and ER status. For each analysis,
the adjustment or stratification variable of interest (eg, age) was not included
as a covariate in the model.

†C-peptide (continuous) excludes women with type 2 diabetes. Range of
C-peptide is 0.25 to 9.70 ng/mL.
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When we examined C-peptide and breast cancer deaths in
subgroup analyses by estrogen receptor status, a stronger associa-
tion was observed among women with estrogen receptor–positive
tumors. Stronger associations have been observed between physi-
cal activity, BMI, and breast cancer outcomes in women with
estrogen receptor–positive tumors compared with women with
estrogen receptor–negative tumors.5-11 Given that physical activity
and BMI are associated with insulin and C-peptide levels in women
with and without breast cancer,12-14 we hypothesized that associa-
tions between C-peptide and breast cancer death would be stronger
in women with estrogen receptor–positive tumors. Fasting insulin
and C-peptide levels may then explain the observed associations
between BMI at diagnosis and postdiagnosis physical activity levels
and death in women with breast cancer.

Associations between C-peptide and breast cancer death were
hypothesized to be stronger in women with a higher versus lower BMI,
but the opposite was observed in our study. This finding may be
explained by the fact that, among leaner women (those with a BMI
� 25 kg/m2), average C-peptide levels were significantly lower among
women who were alive at follow-up (1.86 ng/mL, standard deviation
[SD] � 0.70) than among those who had died (2.58 ng/mL,
SD � 1.52). In contrast, average C-peptide levels were higher, less
variable, and quite similar among women with a BMI more than 25
kg/m2 (2.59 ng/mL, SD�1.20 and 2.57 ng/mL, SD�1.10, for women
alive and not alive at follow-up, respectively). Obesity is a strong
predictor of insulin resistance and hyperinsulinemia, and we showed
in our study that overweight and obese groups of women with breast
cancer had higher C-peptide levels. It is possible that the influence of
C-peptide on mortality could only be demonstrated in the lower BMI
group because C-peptide levels in the overweight and obese groups
were generally high and less variable.

Our study has several limitations. We collected one fasting blood
draw and therefore cannot completely characterize the women’s ex-
posure to C-peptide. However, other studies indicate that a single
fasting blood measure of this analyte is highly reproducible in fasting
postmenopausal women. This limitation would bias the hazard ratio
toward the null; thus we may have observed stronger associations
between C-peptide and death with repeat measures of C-peptide.
Also, we could not assess the effect of change in C-peptide on death,
which would require testing interventions to change this analyte such
as weight loss, physical activity, or medications to alter C-peptide or
insulin resistance.

In summary, our study indicates that C-peptide is associated with
increased risk of death among women with and without diabetes. Our
findings emphasize the importance of maintaining a low C-peptide
level. Physical activity is associated with C-peptide and insulin in
women with or without breast cancer.12-14 Previous findings from the
HEAL cohort indicated that moderate-intensity physical activity was
associated with a lower risk of death.9 The current study complements
this finding, indicating the importance of lower C-peptide levels and
lower BMI. Thus participating in recommended levels of 2 to 3
hours/wk of moderate-intensity physical activity before and after a
diagnosis of breast cancer may be beneficial to maintaining a low BMI
and low C-peptide level, as well as decreased risk of death resulting
from all causes and breast cancer. Randomized controlled trials exam-
ining changes in fasting C-peptide or insulin levels, via weight loss and
physical activity, on breast cancer outcomes are needed. Although no
trial has examined weight loss– or physical activity–induced changes
in insulin or C-peptide on breast cancer outcomes, trials testing met-
formin on breast cancer outcomes are in progress.29,30
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JCO’s Impact Factor, Annual Cita�ons, and Eigenfactor All Increased in 2009 

Journal of Clinical Oncology (JCO) has strengthened its posi�on as publisher of the most important clinical oncology 
research, with higher scores recorded in all key measures of a journal’s impact on the scien�fic community. 

 As reported by Thomson Reuters in its just-released 2009 Journal Cita�on Reports®: 

• JCO’s impact factor has increased, for the 5th year in a row, to 17.793, ranking it 4th among 165 oncology journals 
surveyed 

• Total annual cita�ons in the scien�fic literature now exceed 104,000, ranking JCO 2nd among oncology journals 
• JCO ranks 4th in impact factor and 2nd in total cita�ons among the 165 oncology journals surveyed 
• JCO’s Eigenfactor® score—a measure of the Journal’s total influence on the scien�fic research community—is the 

20th highest among all 7,347 STM journals included in the Reports. 
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