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Introduction

African-American (AA) women in the U.S. experience the lowest breast cancer survival 

rates among all ethnic groups compared to European Americans. 1,2 Breast cancer (BrCA) is 

the second leading cause of cancer death in South Carolina regardless of race. 3 

Additionally, South Carolina has an overall BrCA mortality rate that is greater than the 

national average, driven exclusively by the high BrCA mortality rates seen in AAs. 4 The 

state ranks 7th in diabetes prevalence in the United States, affecting approximately 375,000 

people. 5 Because diabetes may promote the proliferation of cancer cells and metastasis 6 the 

increasing prevalence of diabetes raises important questions about the possible relationship 

between diabetes and BrCA.

Recent meta-analytic studies suggest that type 2 diabetes (T2DM) can have incongruous 

effects depending on the anatomic site of cancer; e.g., diabetes may show a protective effect 

in prostate cancer and a detrimental effect in BrCA. 6 The population of SC is an ideal 

environment to examine the ethnic differences in T2DM and BrCA due to the large 

percentage of AAs (28%) residing in SC 7 and the excellent quality of available cancer 

incidence and mortality data. 1,4 Also, T2DM prevalence has increased 51% over the past 10 

years in SC and now affects 1 in 8 AAs. 5
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For this analysis, we sought to link information from the South Carolina Central Cancer 

Registry (SCCCR) 4 and Medicaid records, as we previously had done with colorectal 

cancer,8 to examine the association between incident T2DM and BrCA stage at diagnosis 

and mortality due to the disease. The rising disparities between EAs and minorities in BrCA 

patterns of incidence and mortality has been well-documented in the US.1,9 These racial 

disparities are evident in age at diagnosis, disease virulence, and prognosis; and, ultimately, 

survival and death. Reasons for the differences are unclear; however, they may be attributed 

to actual biological differences by race in the nature of the disease; comorbidities; and 

variable access to, and willingness to use, health care services. In this study, we examine the 

association of T2DM and BrCA stage and survival rates in both AA and EA women. In 

addition to understanding the relationship between T2DM and BrCA, we also will compare 

the association by race to consider potential differences that might be necessary to include in 

future implementations of race-specific health interventions related to diabetes and BrCA.

Methods

For the use of de-identified data collected for other purposes, the University of South 

Carolina Office of Research’ Institutional Review Board granted an exemption.

Study participants

This retrospective cohort study was conducted using linked data drawn from the Medicaid 

records between 1993 and 2002 and the South Carolina Central Cancer Registry (SCCCR) 

between 1996 and 2001. Both data sets consist of administrative claims data from AA and 

EA women. Only participants with a BrCA diagnosis in both the SCCCR ICD-O and 

Medicaid ICD-9 designations were classified as having BrCA (n=1,462). Women with a 

previous BrCA diagnosis were excluded from analyses.

The SCCCR, which is based in the SC Department of Health & Environmental Control 

(DHEC), is supported through a cooperative agreement with the Centers for Disease Control 

and Prevention (CDC). The SCCCR collects data on cancer incidence, changes in diagnosis 

or treatment, and survival rate 5 and has a gold rating for timeliness and data completion 

rates.

The study sample consisted of a total of 3835 EA women and 3475 AA women. A 

retrospective cohort study design was utilized to estimate the BRCA prevalence among 

women with and without a diagnosis of T2DM and to determine the risk of developing 

cancer based on diabetes status for the two races. Among women in our study with BrCA 

approximately half are EA (n=737) and half are AA (n=725). All modeling results are based 

upon the cohort of women diagnosed with BrCA.

Measures

T2DM was determined using Medicaid records. Women were considered to have diabetes if 

there was a diagnosis of T2DM or if a woman filled a prescription for a drug used for 

treating diabetes. Prescriptions included injectable (Humalog, Humulin, Iletin, Insulatard, 

Insulin, Lantus, Lente, Novolin, Semilente, Ultralente, and Velosulin) and oral 

(Acetohexamide, Acarbose, Actos, Amaryl, Avandia, Chlorpropamide, Diabeta, Diabinese, 
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Dymelor, Glimepiride, Glipizide, Glucatrol, Glucophage, Glyburide, Glycron, Glynase, 

Glyset, Insulase, Metformin, Micronase, Micronized Glyburide, Miglitol, Orinase, 

Phenazopyridine, Pioglitazone, Prandin, Precose, Rezulin, Repaglinide, Rosiglitazone, 

Tolazamide, Tolbutamide, Tolinase, Troglitazone) medications. The earliest date was kept 

when both indicators were present. We stratified AA and EA women into two groups based 

on T2DM presence at the time of BrCA diagnosis. The outcome variable was BrCA stage-

at-diagnosis in our first model and vital status (deceased at follow-up yes/no) in our second. 

The four 2000 SEER summary stage items of initial diagnosis were categorized as: in situ- 

0, localized- 1, regional- 2, and distant- 3. These designations are based on how far the 

carcinoma has spread from the breast. The initial seven summary stages from SEER 2000 

were broken down into these 4 categories, as noted above: in situ includes noninvasive 

tumors; localized is confined to the breast tissue; regional includes direct extension, 

involvement of lymph nodes, or a combination of both; and distant spread indicates 

involvement of other organs. Stage 9 was excluded from the analysis due to unknown nature 

of the tumor.

We also assessed potential confounding by diabetes medications and menopausal age, which 

has been associated with both T2DM and BrCA. Menopause was deduced from age 

obtained from the Medicaid records by categorizing non-menopausal as those women <55 

years and menopausal as ≥ 55 years of age. We stratified by race (AA vs. EA), which was 

self-reported by women in Medicaid. Continuous enrollment after diagnosis was monitored 

and the date of last follow-up was assigned as the date at which the woman was no longer 

enrolled in Medicaid or her eligibility status had changed.

Directed Acyclic Graph (DAG)

To reduce common errors made in confounder selection 10 the analytic approach was based 

on a causal diagram. The causal diagram in Figure 1 shows the variables as vertices 

connected by directed edges, or arrows. There are no directed cycles in the figure. These 

properties are characteristic of a directed acyclic graph (DAG). There is a causal pathway 

between the exposure (diabetes) and outcome of interest (BrCA stage), which represents a 

direct effect of T2DM on BrCA stage-at-diagnosis. In observational studies, a common 

approach to estimating direct effects yields biased information. 11 Using DAG’s, researchers 

can identify potential confounders and improved understanding of bias that may have 

occurred. 12Race is an effect modifier and was examined by stratifying analyses by race; i.e., 

AA and EA women considered separately.

For our DAG, we note a few assumptions:

1. Menopause/Age affects diabetes and BrCA diagnosis, unmeasured 

confounders (i.e., screening), and BrCA stage

2. Diabetes diagnosis affects diabetes prescription use (pharm). Diabetes 

medications are causally related to BrCA stage because the medications 

may mask symptoms of BrCA and delay BrCA diagnosis. 13

3. Early menopause is associated with variations in type 2 diabetes. The drop 

in estrogen after menopause may contribute to detrimental effects of 
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diabetes 14 and there may be underlying factors connecting menopause 

and the most common histological types BrCA. 15

Statistical Methods

All analyses were performed using SAS® version 9.3. Preliminary analyses were undertaken 

and results examined for the entire cohort using all demographic data by race with chi-

square tests. Conditional logistic regression models including data only from those women 

diagnosed with BrCA were used to calculate odds ratios with 95% confidence intervals (CI). 

Non-modifiable risk factors were fit in the model to reduce the effect of confounding. Age 

was categorized into a dichotomous variable based on our estimate of menopausal age (<55 

years of age and ≥55 years). Conditional logistic regression was conducted to model the 

relationship between T2DM and BrCA stage (using multinomial logistic regression) or death 

among women diagnosed with BrCA after adjusting for the same covariates for each race. 

Analyses were conducted by race for stratum-specific effects. All p-values were two-tailed 

and the significance level was assessed at α= .05 Type I error rate.

Results

Table 1 shows study population characteristics by race. The sample consisted of 7,310 

eligible participants. The median ages of diabetes for AA and EA were 61 and 63 years, 

respectively. However, a much higher percentage of AA women (46%) than EA women 

(25%) were under 55 years of age (our cut point for assuming women were premenopausal). 

A higher proportion of AA women were single (53%) compared to EA women (28%). 

Furthermore, 20% of AAs were using diabetes medication compared to 10% of EAs. The 

presence of diabetes differed significantly by race (p<0.01). AA women had twice the 

prevalence of diabetes in this BrCA sample compared to EAs.

Table 2 shows the crude measures of BrCA stage. For AA women with BrCA, there is a 

significant (protective) association between BrCA and menopause. The correlation between 

menopause and decreased risk of late-stage BrCA also is evident in EAs despite non-

significant point estimates. When adjusting for these covariates (Table 3) by race for the 

BrCA stage outcome, menopause remained significant in AA women with BrCA with the 

same lower odds of having BrCA diagnosed at more advanced stages. The other variables, 

T2DM and diabetes medication were not significant for either race.

Table 4 shows the crude, stratum-specific measures of association for mortality. For AA 

women with BrCA, menopause, diabetes diagnosis and having a cancer diagnosis at 

anything but in situ stage doubles the odds of death compared to EAs. For EA, each variable 

is significant; however, diabetes diagnosis and diabetes medications decrease the odds of 

dying relative to AAs. Comparing the two races’ odds of death at different stages of 

diagnosis compared to in situ, AA have twice the probability of death. When adjusting for 

each variable in the mortality model (Table 5), AA’s odds of death are increased 

significantly by menopause and BrCA stage. In EA women, menopause, diabetes and BrCA 

stage increased the odds of death. AA women have approximately twice the odds of not 

surviving within each BrCA stage compared to EA women with the corresponding BrCA 

stage in both the crude and adjusted models.
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Discussion

Our findings show that significant racial disparities in late-stage BrCA exist after accounting 

for diabetes medication and age at menopause. Studying reasons for differences in BrCA 

outcome has the potential for decreasing health disparities related to late-stage BrCA and 

poor survival. The point estimates for BrCA risk (Table 5) shows the magnitude of the effect 

under study: AAs suffer twice the mortality rate compared to EAs at virtually every disease 

stage (compared to in situ). AA women who have BrCA at younger ages also tend to have 

larger tumors and higher rates of local/ distant metastasis. These women have twice the 

incidence of invasive BrCA than do EAs.16 The significantly reduced risk of late-stage 

BrCA associated with menopause in AAs supports this (Table 3) and is consistent with what 

we know about the differences in the epidemiology of BrCA by menopausal status. 17,18 

More studies need to be conducted to understand this relationship, but based on emerging 

knowledge policymakers may have to consider race/ethnic- appropriate clinical guidelines to 

encourage earlier mammograms among AA women who are more likely to have late-stage 

breast cancer diagnosed at younger ages. 19,20

The DAG 21 helped us identify necessary variables to control for prior to conducting the 

study. An “unblocked backdoor path” (i.e., a path that has an arrow pointing into the 

exposure that ends with an arrow pointing to the outcome), such as menopause, is important 

to adjust for as it may otherwise bias results in our study (Figure 1).12 Our results show that 

age ≥55 years (which is our proxy for menopause) played a significant role in understanding 

the relationship between diabetes and BrCA. Since 94% of the US female population is 

menopausal by age 54, this cut-off point is a reasonable proxy for menopause. 22

Confining the analysis to cases of BrCA allows us to compare women at each stage of 

BrCA. Findings from our study show that women with more advanced stages of BrCA have 

an increased chance of death; however, the odds of death for EA were not significantly 

different between stage 0 and stage I and became significant in the last 2 stages. For AA, 

when compared to stage 0, the odds of death among those with stage III cancer was nearly 

70 times (OR=69.4 CI: 23.8, 203.0) higher; nearly twice the differential observed in EAs 

(OR=37.8 CI: 13.0, 110.0). The reasons for this dramatic difference are important to 

understand. Possible explanation include the interaction differences and BrCA, lack of 

access to health care services, pre-existing or co-morbid medical conditions, and genetic 

factors that may result in metabolic obesity (i.e., AAs appear to have attributes associated 

with obesity evident at relatively lower total body weight ). 23–25 This latter factor may help 

to explain the differential effect of T2DM by race.

T2DM is characterized by modifications in insulin levels, 26 which plays a vital role in the 

rate of cell proliferation and estrogen levels.14 The relationship between insulin receptors 

and BrCA suggests that the mechanisms involved in diabetes also may affect BrCA. 14 It is 

possible that the higher prevalence of T2DM in AA may be responsible for the increased 

incidence of late-stage BrCA and poorer survival. Previous research about the co-occurrence 

of DM and BrCA is limited in their ability to analyze by race or ethnicity. The association 

between diabetes and BrCA stage may be masked by diabetes medication. In Table 4, the 

univariate model shows that medication significantly protects EA’s from BrCA death (OR: 
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0.30 CI: 0.13, 0.72). Even though data on diabetes medication was not significant among 

AA in the crude or adjusted model, it is interesting to note that the point estimates are in 

inverse directions for the odds of death, which increase for AA women and significantly 

decrease for their EA counterparts. DM medications may modify BrCA risk differentially; 

for example, two diabetes medications can have different effects: metformin may reduce the 

risk while glargine increases BrCA risk. 13 Having more detailed information on the use of 

medications could reduce measurement bias.

With access to the same quality care, 27 evidence suggests that AAs and EAs respond 

homogeneously to similar treatments given at the same stage of cancer. Therefore, lack of 

access to essential preventive services may be an important underlying factor leading to AA 

experiencing almost twice as many BrCA deaths as EA. Other work indicates that 

participants with T2DM experienced a 2-fold increased risk of incident BrCA, which would 

align with our findings. The presence of pre-existing conditions in AA populations also 

might play an important role in determining BrCA survival, which is an under-studied topic. 

Compared to those individuals with no co-morbidities, participants with 3 or more co-

morbidities had a significantly higher risk of BrCA (Hazard Ratio: 2.1 CI: 1.3–3.3).28 

Because of the high prevalence of T2DM we need to understand its role as a potential cause 

of cancer. It is not clear if diabetes directly increases BrCA mortality in AAs; however, there 

is evidence that both diabetic women 29 and AA women present with later-stage BrCA. 30 

Patients with T2DM often have other co-morbidities and because of the simultaneous 

management of these chronic conditions they are less likely to be screened for BrCA. 

Furthermore, diabetes and other co-morbid conditions are significantly associated with 

chemotherapy toxicity, infection, fever, anemia, neutropenia and all-cause mortality. 31 

Controlling for co-morbidities could improve AA cancer prognosis. These findings raise 

questions for further research.

The genome-wide association studies (GWAS) have narrowed susceptible loci identified for 

BrCA that could link genetic factors to the risk of developing cancers. Being able to identify 

and treat genetic components of BrCA would allow researchers to focus on differences in 

cultural and ecological factors that could influence cancer susceptibility. AAs have the 

highest cancer burden of all racial minority groups.7 Evidence suggests AAs suffer more 

toxic side effects from certain therapies than EAs 32 due to differential biological responses. 

More research needs to be done to see the role of co-morbidities and genetic differences. 28 

However, isolating certain factors, such as a specific gene related to the aforementioned co-

morbidities and BrCA, is time-consuming, costly and may be difficult in large samples. 33 

Arguments can be made for both the genetic- based differences in cancer susceptibility and 

the importance of modifiable exposures. 7 Further studies should consider the genetic and 

non-genetic factors that contribute to varying effects of T2DM medication on BrCA survival 

by race.

Strengths

This research study has many strengths. The large sample allowed us to have a unique look 

at the incidence of BrCA among women with and without a diagnosis of diabetes mellitus in 

both AA and EA populations. It also highlighted the discrepancies in BrCA for these two 
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major racial groups. In addition, this dataset combined the strengths of both high-quality 

BrCA information (from a gold-rated state cancer registry) with the very detailed 

information on diabetes diagnosis and medication use from administrative claims data that 

avoided having to rely on patient self-report data which can often be biased. 34,35

Limitations

One potential limitation to this study is the misclassification of diabetes mellitus depending 

on disease onset and the period for determining T2DM. Approximately 100,000 people do 

not know that they have diabetes in South Carolina, 5 which has the potential change our 

results towards or away from the null. We had no direct information on menopausal status 

and, therefore, had to rely on age as a proxy. Another limitation to this study could be 

detection bias; women with T2DM might be less likely to get screened for BrCA. 14 This 

would lead to misclassification of the outcome variable. Misclassifying our exposure or 

outcome of interest could have important consequences on study results. However, this 

effect was reduced by linking the Medicaid data to SCCCR and considering those using 

diabetes medication and diagnosed with diabetes as ‘diabetic.’ Both of these factors helped 

to reduce error. Additionally, registry datasets do not provide information on potential 

confounders such as diet, physical activity, serum lipids, blood pressure, family history, and 

anthropometric measurements from which we could compute waist to hip ratio or body mass 

index. These factors could have shed light on some of the underlying mechanisms that play a 

role in the relationship between T2DM and BrCA stage-at-diagnosis and survival. Because 

T2DM is strongly associated with sedentary behavior and, concomitantly, fitness, BMI could 

have served as a rough proxy for physical activity or fitness, both known risk factors for 

BrCA. 18,36–38

Conclusion

In this study we provide evidence of racial disparities in BrCA survival rate among AAs and 

EAs. The crude data shows T2DM had an opposite effect on AA and EA: AA had higher 

odds of developing BrCA and diabetes may even protect EAs from death. This might be due 

to diabetes management by race; the types of medications used; differential access to health 

care services and presence of co-morbidities; genetic components; changes in insulin level; 

and cell proliferation. The presence of these factors might mask BrCA symptoms and lead to 

late-stage diagnosis in AAs. The results suggest that the negative association between 

diabetes and BrCA is stronger in AAs, especially among pre-menopausal women.

Future studies should delve into the various factors that may affect BrCA trajectories by 

race/ ethnicity. Understanding this association may promote healthy preventive measures for 

pre-diabetics or better diabetes management tools. Educating the public about the correlation 

between diabetes and BrCA could improve adherence to certain preventive health 

guidelines. Furthermore, patients suffering from multiple conditions should be encouraged 

to continue regular screenings. Due to similarly high incidence and mortality rates among 

AA in the southeastern part of the US, future research should examine the relationship 

between diabetes and breast cancer by state.
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Figure 1. Directed Acyclic Graph (DAG) for diabetes and breast cancer stage
*(Textor, Hardt, and Knüppel)

Abbreviation: BrCA = Breast Cancer; Pharm: Pharmacological Medicine/ Diabetes Drugs; 

BrCA_diag: Breast Cancer Diagnosis
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Table 1

Characteristics of the Study Population according to Medicaid and South Carolina Central Cancer Registry 

(SCCCR), 1996–2001

Race

African-American, N (%) European-American, N (%)

No. of patients 3429 (47) 3790 (53)

Menopause

    No 310 (46) 172 (25)

    Yes 369 (54) 520 (75)

Breast Cancer Stage

    0 (in situ) 98 (14) 74 (11)

    I 292 (43) 382 (55)

    II 243 (36) 193 (28)

    III 46 (7) 43 (6)

Marital Status

    Divorced 118 (4) 268 (8)

    Married 653 (21) 874 (26)

    Single 1652 (53) 978 (28)

    Widowed 664 (22) 1301 (38)

Breast Cancer

    Present 679 (20) 692 (18)

    Absent 2750 (80) 3098 (82)

Diabetes Medication

Diabetes 687 (20) 365 (10)

    Present

    Absent 834 (24) 459 (12)

Mean age of diabetes
diagnosis (SD)

2595 (76) 3331(88)

Mean age of breast 61 (12) 63 (13)

    cancer diagnosis

    (SD) 57 (15) 65 (15)

Mean death age (SD) 75 (15) 80 (11)
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