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Abstract 

Purpose: While research suggests that type 2 diabetes (DM-2) is associated with overall and 

breast-cancer specific decreased survival, results have been inconsistent.  Most prior studies of 

breast cancer survival have investigated the effect of pre-existing DM-2, without assessing the 

effect of DM-s diagnosed at or after breast cancer.  This study aimed to examine the effect of 

DM-2, diagnosed before and after breast cancer, on breast cancer survival. 

Methods: This study analyzed linked Department of Defense cancer registry and medical claims 

data from 9,398 women diagnosed with breast cancer between 1998 and 2007.  Cox proportional 

hazards models were used to assess the association between DM-2 and survival.   

Results: After adjustment for potential confounders, diabetes status (no/yes) was not associated 

with mortality risk (HR=1.00, 95% CI= 0.83, 1.20).  However, when taking into consideration 

the timing of diabetes diagnosis relative to breast cancer diagnosis, women with pre-existing 

diabetes had a risk of mortality twice that of women without diabetes (HR=2.00, 95% CI 1.53-

2.61) whereas women diagnosed with diabetes at or after breast cancer diagnosis had lower 

mortality than women without diabetes (HR= 0.81, 95% CI= 0.66-0.99).  This association did 

not vary by demographics, obesity, or tumor characteristics.   

Conclusion: Breast cancer patients who had pre-existing diabetes had increased mortality 

compared to those without diabetes.  In contrast, women diagnosed with diabetes at or after 

breast cancer diagnosis had decreased mortality.  These findings warrant further research 

confirmation.  
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Introduction  

In the United States, breast cancer remains the second most common cause of cancer-

specific mortality among women.1  While the five-year relative survival rate is approximately 

89%,1 some studies suggest that comorbid conditions may influence prognosis.2,3   

As of 2010 approximately 8.3% of the US population has diabetes, and this comorbid 

condition may affect breast cancer survival.  There are two main types of diabetes (type 1 and 

type 2) with type 2 accounting for 95% of all diagnoses.4  The association between diabetes 

(primarily type 2) and breast cancer survival has been inconsistent in the literature,5 but most 

studies have found that it is associated with decreased overall survival6-13 and breast cancer-

specific survival.11, 14-16 11-14  A prospective cohort of one million U.S. adults reported a two-fold 

increased risk of all-cause mortality and a 16% increased risk of death from breast cancer among 

persons with diabetes.10  In a large case-control study, diabetes was significantly associated with 

an elevated risk of all-cause mortality, with greater risk among those who were obese.6  

However, some studies have reported no association between diabetes and overall survival5 or 

breast cancer-specific survival.8,12  

Most previous studies have examined the association of breast cancer survival with 

diabetes diagnosed prior to breast cancer.5,6,8,9,11,17-19  In a large cohort study of stage I-III breast 

cancer patients treated at the MD Anderson Cancer Center, those with pre-existing diabetes had a 

higher risk of all-cause mortality (HR: 1.39, 95% CI: 1.10-1.77).8  In another study based on the 

SEER-Medicare data, women diagnosed with diabetes prior to breast cancer had a higher all-

cause mortality compared to women without diabetes.19  To the best of our knowledge, the 

association between diabetes and survival, when diabetes is diagnosed at or after breast cancer 

diagnosis, has not been studied.  Diabetes detected at or following breast cancer diagnosis may 
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differ from that diagnosed prior to breast cancer and it is possible that diabetes may be induced 

as a result breast cancer treatment.20  Thus, an examination of the breast cancer survival-diabetes 

relationship by timing of diabetes may help to better understand the basis of the association.  

Previous studies have been conducted in populations in which accessibility to healthcare 

may vary.  Access to healthcare has been found to influence the detection/diagnosis of diabetes 

and its management, cancer detection/diagnosis and treatment, and overall survival.21-24 If 

persons with and without diabetes differ in their accessibility to healthcare, any reported 

associations might be due to the effects of factors related to access to care.  Research in an equal 

access system can reduce these potential effects and provide additional information to assess 

whether the relationship varies by demographics, obesity, and tumor characteristics when the 

access to care is equal.  The Military Health System (MHS) of the U.S. Department of Defense 

(DoD) is an equal access system, providing all of its beneficiaries with healthcare at little or no 

charge. The objective of this study was to examine the relationship between timing of type 2 

diabetes (DM-2) diagnosis and overall survival among breast cancer patients in the MHS.   

 

Materials & Method  

Data source 

This study was based on the linked data from the DoD’s Central Cancer Registry (CCR) 

and the MHS Data Repository (MDR).   The linked data include cancer patients diagnosed 

between 1998 and 2007, who received healthcare through the DoD’s healthcare program, 

including active duty members, retirees, National Guard and Reserve members, and dependents.  

The CCR contains demographic, tumor characteristic, cancer treatment, and vital status data that 

are abstracted from the records of cancer patients diagnosed and/or treated at military treatment 
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facilities (MTFs) by certified cancer registrars.  The data are reviewed and edited according to 

North America Association of Central Cancer Registries guidelines.  The MDR data contain 

administrative and medical care records for in-patient and out-patient services that are either 

provided directly at MTFs (direct care) or paid for by the DoD at civilian facilities (indirect 

care).   The MDR data include information on clinical diagnoses, diagnostic procedures, 

prescription medications, treatment, and vital status.   

The data linkage project was reviewed and approved by the institutional review boards of 

the Walter Reed National Military Medical Center, Tricare Management Activity, and the 

National Institutes of Health Office of Human Subjects Research. 

Study subjects 

Women with histologically confirmed, first primary, malignant breast cancer (ICD-0-3 

codes C500-C506 and C508-C509) diagnosed between 1998 and 2007 were eligible for this 

study (n=9,944).  Women with type 1 diabetes (n=536), under 20 years of age (n=1), and those 

with missing survival information (n=9) were excluded from the analyses.   

Study variables 

  Medical conditions were obtained using MDR.  Women were classified as having DM-2 

if they had ICD-9 diagnoses codes (250.x0, 250.x2, 357.2, 362.0, and 366.41) seen at least once 

as an in-patient, or three/more times as an out-patient.25,26  DM-2 status was classified in two 

ways: (1) a dichotomized variable (no/yes) and (2) a categorical variable based on the timing of 

diabetes diagnosis relative to breast cancer diagnosis (no diagnosis, before breast cancer 

diagnosis, at or after breast cancer diagnosis).  Other medical conditions included in the analyses 

were obesity, heart disease, kidney disease, chronic obstructive pulmonary disease, stroke, and 
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hypertension.  They were considered to be present if codes were identified in one/more in-patient 

or three/more out-patient records.   

 Pathologic breast cancer features were obtained from CCR.  They consist of AJCC tumor 

stage, histological grade, and hormone receptor status.  AJCC tumor stage was categorized as 

stage I, stage II, stage III, stage IV, and unknown stage.  Histologic grade was classified based on 

level of differentiation as well differentiated, moderately differentiated, poorly differentiated, 

and unknown.  Hormone receptor status was categorized into four groupings as follows: 

ER+/PR+, ER-/PR-, ER+/PR- or ER-/PR+, unknown.   

Medical care/recurrence variables included breast cancer treatment (surgery, 

chemotherapy, radiation therapy, and hormone therapy), diabetes treatment, surveillance 

mammography, and recurrence.  Receipt of breast cancer surgery, chemotherapy, and radiation 

therapy was determined by combining data from CCR and MDR and considered “yes” if its 

occurrence was within three months following diagnosis in either database.  Information on 

diabetes specific treatment and surveillance mammography were obtained from MDR.  Hormone 

therapy data were obtained solely from CCR since the MDR hormone data were not available 

prior to 2002.  Information on diabetes treatment and surveillance mammography was obtained 

from MDR.  Use of diabetes medications (metformin, insulin, or insulin secretagogue), which 

may be related to cancer survival, 27,28 was defined as “yes” if there was at least one record of the 

medication being prescribed.  Surveillance mammography was categorized as ‘yes’ if  it was 

identified six months or more after a previous mammogram among women who received a 

bilateral mammogram and underwent breast conserving surgery or among women who received 

a unilateral mammogram and had undergone unilateral mastectomies.  Mammograms received 

two months prior to a breast mass/other breast symptom were not considered as surveillance 
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procedures.29   Recurrence was defined based on the CCR definition and supplemented with 

information obtained from MDR.30    

Demographic characteristics were obtained from CCR, with missing values supplemented 

by MDR.  Demographic variables included age at diagnosis, race, ethnicity, marital status at 

diagnosis, active duty status at diagnosis, affiliated service branch of the active duty 

member/sponsor, rank of the active duty member/sponsor, and insurance plan (TRICARE Prime, 

an HMO-like component, TRICARE Standard, and TRICARE Extra).    

Statistical analysis 

We first described the distributions of demographics, comorbid conditions, tumor 

features, surveillance, and treatment by diabetic status.  We then compared all-cause death 

among persons with and without diabetes using Kaplan-Meir analysis with follow-up beginning 

at the date of breast cancer diagnosis through the date of death, date of last contact, or study end 

(truncated to December 31, 2007).  The difference between the two groups was tested using the 

log rank test.  Finally, we used Cox proportional hazards models to assess the association 

between DM-2 and overall survival with adjustment for potential confounding factors.  A 

potential confounder was defined if it was associated with both survival and diabetes and was not 

an intervening variable between diabetes and survival.   The identified potential confounding 

variables included age at diagnosis, race, marital status at diagnosis, rank of active duty 

member/sponsor, insurance type at diagnosis, obesity, coronary heart disease, chronic obstructive 

pulmonary disease, stroke, hypertension, hormone receptor status, chemotherapy, metformin 

treatment, insulin treatment, tumor stage, and recurrence.  Although tumor stage did not meet the 

confounder criteria, it was adjusted for in multivariate analyses due to its complex effects and 

theoretical significance for research.  Since pharmacy data were available from 2002 onward, the 
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first date a beneficiary received either in-patient or out-patient services was used as a surrogate 

of missing information due to the lack of availability of data before 2002, and was adjusted in the 

models to distinguish between no use and no data.  When the analysis was conducted based on 

timing of diabetes diagnosis, additional potential confounders were identified and adjusted for, 

these included tumor grade, surgery, radiation, hormone therapy, and surveillance 

mammography.  We repeated Cox model analyses with the data stratified by race, menopausal 

status, obesity, hormone receptor status, and tumor stage.  Information on menopausal status was 

not available in this dataset; therefore, age at diagnosis (<50 and ≥ 50 years) was used as a proxy 

based on the average age of natural menopause.31  The proportional hazards assumption was 

tested for Cox model analyses, and no violations on model assumptions were found.   

Statistical Analysis System (SAS) software (SAS Institute, Inc., Cary, North Carolina) 

was used to perform statistical analyses.  All tests of significance were two-tailed and performed 

at an alpha of 0.05.   

Results  

Out of 9,398 study women, 1,991 had DM-2 (21%).  Table 1 shows the distributions of 

demographic factors and other medical conditions by DM-2 status.  Compared to women without 

diabetes, those with diabetes were more likely to be older, black or Asian/Pacific Islander, 

widowed, non-active duty service individuals, enlisted service members, and have non-prime 

TRICARE insurance at the time of diagnosis (p-value <0.01 for all the variables).  Additionally, 

diabetics tended to have a higher frequency of obesity, coronary heart disease, kidney disease, 

chronic obstructive pulmonary disease, stroke, and hypertension (p-value <0.01 for all the 

variables).   
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Table 2 shows the distributions of treatment, surveillance and tumor characteristics by 

diabetes status.  Diabetics were more likely to have estrogen and progesterone receptor positive 

(ER+/PR+) tumors compared to non-diabetics (p-value ≤ 0.03 for all).  Conversely, diabetics 

were less likely to receive chemotherapy and have a breast cancer recurrence in comparison to 

those without diabetes (p-value ≤ 0.03 for both variables). 

During the follow-up period, 11% of women with diabetes and 13% of those without 

diabetes died.  The Kaplan-Meier analysis showed that diabetics experienced significantly better 

survival than non-diabetics (log-rank p-value < 0.01) (Figure 1).   After adjusting for potential 

confounders, diabetes status was no longer associated with mortality risk (HR=1.00, 95% CI= 

0.83, 1.20) (Table 3).  However, women diagnosed with diabetes before breast cancer diagnosis 

had a risk of mortality two times higher than those without diabetes (HR=2.00, 95% CI 1.53-

2.61).  In contrast, women diagnosed with diabetes at or after breast cancer diagnosis had lower 

mortality than non-diabetics (HR= 0.81, 95% CI= 0.66-0.99).  The results remained significant 

after additional adjustment for tumor grade, surgery, radiation, hormone therapy, and 

surveillance mammography (data not shown).    

Among women diagnosed with diabetes before breast cancer, a significant increase in the 

risk of mortality was consistently seen across most subgroups stratified by race, menopausal 

status, obesity status, hormone receptor status, or tumor stage (Table 4).  For diabetes diagnosed 

at or after breast cancer, the risk of mortality tended to be lower than it was among women 

without diabetes who were white, 50+ years of age, ER+/PR- or ER-/PR+, or had stage I tumors.   

However, confidence intervals overlapped between these subgroups.   

Discussion 
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  This study showed no overall differences in survival between women with and without 

diabetes, after adjustment for demographic, health, and tumor and treatment variables.  However, 

when the temporal relationship between diabetes and breast cancer diagnosis was considered, 

women diagnosed with diabetes before breast cancer experienced a two-fold increase in 

mortality compared to women without diabetes.  In contrast, women diagnosed with diabetes at 

or after breast cancer tended to have increased survival compared to those without diabetes.  

These findings did not vary by demographics, obesity, or tumor characteristics.   

Most previous studies used history of diabetes prior to breast cancer diagnosis.  While the 

results were not consistent,5 most found an increase in all-cause mortality among women 

diagnosed with diabetes prior to breast cancer.6,8,9,17-19  This may be attributable to differences in 

the receipt of cancer treatments and the effects of diabetes on overall survival.   

As a result of diabetes and its complications, women with diabetes may be less likely to 

receive breast cancer treatment such as adjuvant chemotherapy or radiation therapy.19,32  

Research has reported that physicians may use chemotherapy less frequently or aggressively to 

treat breast cancer patients with diabetes due to an increase in hospitalization for chemotherapy 

toxicity, as well as an increase in breast cancer specific mortality among diabetic patients who 

received chemotherapy treatment.19  This was also demonstrated in the current study, in which 

women with diabetes tended to be less likely to receive chemotherapy than women without 

diabetes.  However, breast cancer treatments, including chemotherapy, were adjusted for in the 

analysis and thus the potential effects that treatment may have on survival were reduced.  

Nevertheless, we do not exclude the possibility that diabetics diagnosed prior to breast cancer 

and non-diabetics differed in the intensity, type, timing, frequency, or duration of chemotherapy 
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as well as other cancer treatments, which might be associated with the risk of death among 

diabetic patients.   

Since all-cause mortality was the study outcome, diabetes itself and related medical 

conditions affect the outcome.  Hyperglycemia, a serious problem for many individuals with 

DM-2, may play a role in the decreased survival among women diagnosed with diabetes prior to 

breast cancer.  Increased blood glucose levels have been found to increase cancer mortality,33-35 

with survival decreasing as glycemic control decreases.  In addition, diabetic patients are more 

likely to suffer from obesity, coronary heart disease, kidney disease, chronic obstructive 

pulmonary disorder, stroke, and hypertension.  Rates of these comorbid conditions were doubled 

among diabetics in our data; nonetheless, differences in survival were still apparent after 

adjustment for these variables.   

 To the best of our knowledge, our study is the first to assess the temporal relationship 

between the diagnoses of diabetes and breast cancer and overall survival.  Patients diagnosed 

with diabetes at or after breast cancer diagnosis tended to have a better survival than those 

without diabetes.  While the underlying reasons for this finding are not clear, there may be 

differences in the receipt of breast cancer treatment and follow-up care between diabetics 

diagnosed before and that at or after breast cancer diagnosis, which may contribute to the 

observed difference in survival.   

When diabetes is diagnosed coincidently at breast cancer diagnosis or follow-up care, 

patients may be more likely to have a milder form of diabetes compared to those who were 

diagnosed before breast cancer and had a longer history of the disease.  This possibility is 

suggested in our analysis showing that diabetics diagnosed at or after breast cancer diagnosis 

were less likely to receive metformin (52.7% for at or after breast cancer diagnosis vs. 72.5% for 
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before breast cancer diagnosis), insulin (10% for at or after breast cancer diagnosis vs. 21.3% for 

before breast cancer diagnosis), or insulin secretogogue treatment for diabetes (23.5% for at or 

after breast cancer diagnosis vs. 47% for before breast cancer diagnosis).   For those with 

diabetes diagnosed after breast cancer diagnosis, the initial breast cancer treatment may occur 

before diabetes diagnosis and thus is not affected by diabetic status.  Additionally, it is possible 

that women diagnosed with diabetes after breast cancer diagnosis receive more intensive 

therapies, such as chemotherapy, which may induce diabetes.20 Thus, the better outcomes 

experienced by women who develop diabetes following breast cancer diagnosis may partially be 

attributed to the receipt of aggressive breast cancer treatment.   

For those with diabetes initially diagnosed at breast cancer diagnosis, diabetes may be 

mild, which may not affect the utilization of breast cancer treatment.  On the other hand, these 

women may receive more follow-up care and surveillance of breast cancer as a result of newly 

diagnosed diabetes in addition to breast cancer itself.  Our analysis demonstrated more radiation 

treatment, chemotherapy, hormone therapy and surveillance mammography among diabetics 

diagnosed at or after breast cancer diagnosis than those diagnosed before breast cancer, 

supporting this conjecture (data not shown).  While the effects of mild diabetes itself on survival 

may not be identified without a very long follow up, the positive effects of more follow-up care 

and surveillance of breast cancer on survival may appear during the follow-up period of the 

study.     

Our additional analysis showed that women diagnosed with diabetes at or after breast 

cancer diagnosis are more likely to undergo surgery, radiation, and chemotherapy, as well as 

receive hormone therapy (data not shown).  Although cancer treatment variables defined as 

receipt or no receipt were adjusted for in our analysis, the timing, frequency, and duration of 
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breast cancer treatment might differ between this group and patients without or with diabetes 

diagnosed before breast cancer diagnosis.  However, when stratified by demographic, health, and 

tumor characteristics, no variation in survival was observed as confidence intervals overlapped 

between subgroups.   

Limitations in this study included possible misclassification of diabetes status because 

individuals who were diagnosed with diabetes before 1998 might have been classified as non-

diabetics due to the lack of data prior to 1998.  However, such misclassification was likely 

limited as patients were able to receive continuous medical care after medical records data 

became available in 1998 and thus could be identified in the data.  In addition, such 

misclassification was likely to occur only for diabetes diagnosed before breast cancer because 

the initial year for breast cancer diagnosis was 1998 and diabetes diagnosed in or after breast 

cancer diagnosis should be included in the data.  This misclassification might dilute rather than 

overestimate the association between diabetes prior to breast cancer and survival.  We cannot 

exclude residual confounding by the frequency, intensity, timing, and duration of breast cancer 

treatment, as mentioned above. We also do not exclude the possibility of immortal time bias 

(death could not occur before the occurrence of diabetes defined after breast cancer diagnosis 

and therefore survival is longer). If this had occurred, the group of diabetes identified after breast 

cancer diagnosis might have been more prone to factors associated with a longer survival, which 

led a higher possibility of diabetes diagnosis.  However, the group had a higher frequencies of 

factors related to a shorter survival such as obesity, coronary heart disease, hypertension, and 

stroke than those without diabetes and tumor stage was not significantly different between the 

two (data not shown).  In addition, these factors were adjusted in the analysis.  Furthermore, 

there might be incomplete information and inaccurate coding in our data as any medical records 
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data.  Nonetheless, the extent of these limitations might not be substantial enough to change the 

results.   

In addition to being the first study that took into account the temporal relationship 

between diabetes and breast diagnoses on overall survival, our study included and adjusted for a 

number of variables that might influence results, such as diabetes treatment and comorbid 

medical conditions, which other studies have not be able to do.5,6,9,10,15  Furthermore, by 

performing this study in an equal-access healthcare system, the effects of factors related to 

access to healthcare on the study results might have been reduced. 

In summary, our findings indicate that breast cancer patients with preexisting diabetes are 

at a two-fold risk of mortality compared to those without diabetes.  Conversely, women 

diagnosed with diabetes at/after breast cancer diagnosis had better survival than those who did 

not develop diabetes.  Further research is warranted to demonstrate our findings. 
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Table 1: Demographic and health characteristics of women diagnosed with breast cancer from 1998 
to 2007 in the Military Health System, by diabetes status (N=9,398). 

Diabetes 

No (n= 7,407)  Yes (n=1,991) 

Characteristic n %   n % p-valuea 

Age at diagnosis, years <0.01 

     20-39 1,032 13.9 77 3.9 

     40-49 1,987 26.8 291 14.6 

     50-59 1,858 25.1 583 29.3 

     60-69 1,540 20.8 635 31.9 

     70-79 737 10.0 322 16.2 

     80+ 253 3.4 83 4.2  
Race  <0.01 

     White 5,498 74.2 1,348 67.7 

     Black 1,055 14.2 325 16.3 

     Asian/Pacific Islander 649 8.8 261 13.1 

     American Indian/Alaska Native 14 0.2 8 0.4 

     Unknown 191 2.6 49 2.5 

Ethnicity  0.40 

     Non-Hispanic 6,458 87.2 1,721 86.4 

     Hispanic 344 4.6 107 5.4 

     Unknown 605 8.2 163 8.2 

Marital status at diagnosis  <0.01 

     Married 5,886 79.5 1,559 78.3 

     Never married 193 2.6 26 1.3 

     Separated 58 0.8 16 0.8 

     Divorced 258 3.5 54 2.7 

     Widowed 799 10.8 284 14.3 

     Unknown 213 2.9 52 2.6 

Active duty status at diagnosis  <0.01 

     No 6,937 93.7 1,946 97.7 

     Yes 470 6.3 45 2.3  
Service branch at diagnosisb  

0.14 

     Army 2,504 33.8 717 36.0  
     Air Force 2,001 27.0 483 24.3  
     Marines 1,314 17.7 356 17.9  
     Navy 1,235 16.7 337 16.9  
     Other 353 4.8 98 4.9  
Rankb  <0.01 

     Enlisted 3,573 48.2 1,118 56.2  
     Officer 1,868 25.2 336 16.9  
     Other 61 0.8 9 0.5  
     Unknown 1,905 25.7 528 26.5 

Benefit type at diagnosis 
     

<0.01 

     TRICARE prime  4,659 62.9 986 49.5  
     TRICARE non-prime 1,714 23.1 713 35.8  
     Unknown 1,034 14.0 292 14.7 
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Obese  <0.01 

     No 5,815 78.5 1,136 57.1  
     Yes 1,592 21.5 855 42.9 

Coronary heart diease  <0.01 

     No 6,646 89.7 1,496 75.1  
     Yes 761 10.3 495 24.9  
Kidney disease <0.01 

     No 6,375 86.1 1,528 76.7  
     Yes 1,032 13.9 463 23.3  
Chronic obstructive pulmonary disease  <0.01 

     No 6,633 89.6 1,631 81.9  
     Yes 774 10.4 360 18.1  
Stroke  <0.01 

     No 7,195 97.1 1,857 93.3  
     Yes 212 2.9 134 6.7  
Hypertension  <0.01 

     No 3,431 46.3 194 9.7 

     Yes 3,976 53.7   1,797 90.3   
a2-sided p-value.   
bService branch or rank of active duty member or sponsor of family member. 
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Table 2: Treatment, surveillance, and tumor characteristics of women diagnosed with 
breast cancer from 1998 to 2007 in the Military Health System, by diabetes status 
(N=9,398). 

Diabetes 

No (n= 7,407)  Yes (n=1,991) 

Characteristic n %   n % p-valuea 

Tumor stage  
0.11 

     Stage I 3,505 47.3 962 48.3  
     Stage II 2,706 36.5 746 37.5  
     Stage III 768 10.4 196 9.8  
     Stage IV 239 3.2 44 2.2  
     Unknown 189 2.6 43 2.2  
Tumor grade  

0.14 

     Well differentiated 1,502 20.3 428 21.5  
     Moderately differentiated 2,630 35.5 730 36.7  
     Poorly differentiated 2,386 32.2 588 29.5  
     Unknown 889 12.0 245 12.3  
Hormone receptor status  0.03 

     ER+/PR+ 3,928 53.0 1,119 56.2  
     ER-/PR- 1,481 20.0 345 17.3  
     ER+/PR- or ER-/PR+ 827 11.2 210 10.5  
     Unknown 1,171 15.8 317 15.9 

Surgery  
0.35 

     No 159 2.1 36 1.8  
     Yes 7,248 97.9 1,955 98.2  
Radiation  

0.06 

     No 2,644 35.7 756 38.0  
     Yes 4,763 64.3 1,235 62.0  
Chemotherapy  <0.01 

     No 2,486 33.6 786 39.5 

     Yes 4,921 66.4 1,205 60.5  
Hormone therapyb  0.07 

     No 1,838 38.7 498 37.5  
     Yes 2,647 55.7 733 55.2  
     Unknown 270 5.7 98 7.4  
Surveillance mammography  

1.00 

     No 3,218 67.7 865 65.1  
     Yes 4,189 88.1 1,126 84.7  
Metforminc  <0.01 

     No 4,115 98.3 366 33.5  
     Yes 72 1.7 726 66.5  
Insulinc  

 
<0.01 

     No 4,099 97.9 916 83.9  
     Yes 88 2.1 176 16.1  
Insulin secretogoguec  

 
<0.01 

     No 4,183 99.9 735 67.3  
     Yes 4 0.1 357 32.7  
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Recurrence  
0.03 

     No 5,906 79.7 1,631 81.9 

     Yes 1,501 20.3   360 18.1   
a2-sided p-value.   
bRestricted to women who are hormone receptor 
positive. 
cPharmacy detail was available in our data from 2002 onward; therefore, information on 
diabetes medications was restricted to women diagnosed with breast cancer between 2002 
and 2007. 
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Table 3. Multivariate analysis for diabetes in relation to survival among 9,398 Department of 
Defense beneficiaries with breast cancer, 1998-2007. 

 
Number of patients 

   Diabetes status Alive Dead HRa 95% CIb 
No 6,434 973 1.00 reference 
Yes 1,763 228 1.00 0.83 1.20 
     Before breast cancer diagnosis 696 96 2.00 1.53 2.61 
     At/after breast cancer diagnosis 1067 132 0.81 0.66 0.99 

aHazard  ratio (HR)  and b95% confidence intervals (CI) adjusted for age at diagnosis, race, 
marital status at diagnosis, rank of active duty member or sponsor of family members, 
beneficiary type at diagnosis, date of first visit, obesity, coronary heart disease, chronic 
obstructive pulmonary disease, stroke, hypertension, hormone receptor status, chemotherapy, 
metformin, insulin, tumor stage, and recurrence.  Missing pharmacy data for diabetes 
medications were adjusted as the missing category in the models. 
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Table 4. Multivariate analysis assessing the effect of diabetes status on survival among 9,398  
Department of Defense beneficiaries with breast cancer by race, menopausal status, hormone 
receptor status, and tumor stage. 

Number of 
patients 

Strata Diabetes Alive Dead HRa 95% CIb 

Racec    
     White No  4,757 741 1.00 reference 

Yes: Before BCd dx 448 67 2.08 1.51 2.85 

        At/after BC dx 743 90 0.72 0.56 0.92 
     Black No  891 164 1.00 reference 

Yes: Before BC dx 123 19 1.86 0.99 3.50 
        At/after BC dx 155 28 0.99 0.62 1.58 

     Asian/Pacific Islander No  593 56 1.00 reference 

Yes: Before BC dx 105 9 2.76 0.78 9.76 
        At/after BC dx 135 12 1.43 0.68 3.03 

Menopausal status 
     <50 years No  2,713 306 1.00 reference 

Yes: Before BC dx 83 9 2.82 1.34 5.93 
        At/after BC dx 244 32 1.35 0.84 2.16 

     ≥50 years No  3,721 667 1.00 reference 

Yes: Before BC dx 613 87 2.09 1.57 2.78 
        At/after BC dx 823 100 0.73 0.58 0.92 

Obese 

     No No  4,968 847 1.00 reference 

Yes: Before BC dx 362 60 1.62 1.17 2.24 
        At/after BC dx 612 102 0.84 0.67 1.06 

     Yes No  1,466 126 1.00 reference 

Yes: Before BC dx 334 36 3.46 2.07 5.78 
        At/after BC dx 455 30 0.74 0.47 1.17 

Hormone receptor status      
     ER+/PR+ No  3,552 376 1.00 reference 

Yes: Before BC dx 417 36 2.39 1.54 3.71 
        At/after BC dx 614 52 0.74 0.54 1.02 

     ER-/PR- No  1,223 258 1.00 reference 

Yes: Before BC dx 112 30 2.88 1.77 4.68 
        At/after BC dx 165 38 1.41 0.93 2.14 

     ER+/PR- or ER-/PR+ No  700 127 1.00 reference 

Yes: Before BC dx 76 9 1.75 0.71 4.35 
        At/after BC dx 111 14 0.32 0.15 0.68 

     Unknown No  959 212 1.00 reference 

Yes: Before BC dx 91 21 0.96 0.52 1.78 
        At/after BC dx 177 28 0.76 0.49 1.19 

Tumor stage   
     Stage I No  3,255 250 1.00 reference 

Yes: Before BC dx 368 23 1.34 0.77 2.32 
        At/after BC dx 535 36 0.57 0.39 0.84 

     Stage II No  2,361 345 1.00 reference 
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Yes: Before BC dx 254 30 2.13 1.33 3.42 
        At/after BC dx 406 56 1.07 0.78 1.48 

     Stage III No  583 185 1.00 reference 

Yes: Before BC dx 53 25 2.18 1.25 3.80 
        At/after BC dx 94 24 0.72 0.43 1.21 

     Stage IV No  82 157 1.00 reference 

Yes: Before BC dx 7 14 2.08 0.82 5.32 
        At/after BC dx 9 14 0.55 0.27 1.10 

     Unknown stage No  153 36 1.00 reference 

Yes: Before BC dx 14 4 16.83 2.54 111.39 

          At/after BC dx 23 2 1.15 0.18 7.39 

aHazard ratio (HR)  and b95% confidence intervals (CI) adjusting for age at diagnosis, race, 
marital status at diagnosis, rank of active duty member/sponsor, beneficiary type at diagnosis, 
date of first visit, obesity, coronary heart disease, chronic obstructive pulmonary disease, stroke, 
hypertension, hormone receptor status, chemotherapy, metformin, insulin, tumor stage, and 
recurrence.   Missing pharmacy data for diabetes medications were adjusted as the missing 
category in the models.  Stratified variables were not included in stratified analyses. 
cModels stratified by  American Indian/Alaska Native and unknown race had too few deaths to 
converge, therefore data was not presented. 

 

 

 

 


