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Abstract

Background: We investigated the influence preexisting type 2 diabetes mellitus (T2DM) and
antidiabetic drugs have on all-cause and cause-specific mortality among Medicaid-insured women
diagnosed with breast cancer.

"Corresponding author at: Department of Epidemiology and Biostatistics, School of Public Health, State University of New York

at Albany, George Education Center, One University Place, Rensselaer, NY, 12144, United States. wlawrence@albany.edu (W.R.
Lawrence).

Authorship contribution statement

Wayne Lawrence: Conceptualization of the study, formal analysis, interpretation of data, draft manuscript, and reviewed final
manuscript for publication.

Akiko S. Hosler: Interpretation of data, draft manuscript, and reviewed final manuscript for publication.

Margaret Gates Kuliszewski: Interpretation of data, draft manuscript, and reviewed final manuscript for publication.

Matthew C. Leinung: Interpretation of data, draft manuscript, and reviewed final manuscript for publication.

Xiuling Zhang: Acquisition of data, formal analysis, revising the manuscript critically for important intellectual content, and reviewed
final manuscript for publication.

Maria J. Schymura: Acquisition of data, revising the manuscript critically for important intellectual content, and reviewed final
manuscript for publication.

Francis P. Boscoe: Conceptualization of the study, acquisition of data, formal analysis, revising the manuscript critically for important
intellectual content, supervision, and reviewed final manuscript for publication.

All authors read and approved the final manuscript.

Disclaimer

The interpretation and reporting of these data are the responsibility of the authors and in no way should be viewed as an official policy
or interpretation of the New York State government.

CRediT authorship contribution statement

Wayne R. Lawrence: Writing - original draft. Akiko S. Hosler: Methodology, Writing - review & editing. Margaret Gates
Kuliszewski: Writing - review & editing. Matthew C. Leinung: Validation, Writing - review & editing. Xiuling Zhang:
Methodology, Software. Maria J. Schymura: Supervision, Project administration. Francis P. Boscoe: Conceptualization, Writing

- review & editing.

Declaration of Competing Interest

The authors declare no conflict of interest.

Appendix A. Supplementary data
Supplementary material related to this article can be found, in the online version, at doi:https://doi.org/10.1016/j.canep.2020.101710.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lawrence et al. Page 2

Methods: 9221 women aged < 64 years diagnosed with breast cancer and reported to the
New York State (NYS) Cancer Registry from 2004 to 2016 were linked with Medicaid claims.
Preexisting T2DM was determined by three diagnosis claims for T2DM with at least one claim
prior to breast cancer diagnosis and a prescription claim for an antidiabetic drug within three
months following breast cancer diagnosis. Estimated menopausal status was determined by age
(premenopausal age < 50; postmenopausal age =50). Hazard ratios (HR) and 95 % confidence
intervals (95 %CI) were calculated with Cox proportional hazards regression, adjusting for
confounders.

Results: Women with preexisting T2DM had greater all-cause (HR = 1.40; 95 %Cl 1.21,
1.63), cancer-specific (HR = 1.24; 95 %Cl 1.04, 1.47), and cardiovascular-specific (HR = 2.46;
95 %CI 1.54, 3.90) mortality hazard compared to nondiabetic women. In subgroup analyses,

the association between T2DM and all-cause mortality was found among non-Hispanic White
(HR 1.78 95 %CI 1.38, 2.30) and postmenopausal (HR = 1.47; 95 %Cl 1.23, 1.77) women,

but not among other race/ethnicity groups or premenopausal women. Additionally, compared to
women prescribed metformin, all-cause mortality hazard was elevated among women prescribed
sulfonylurea (HR = 1.44; 95 %ClI 1.06, 1.94) or insulin (HR = 1.54; 95 %CI 1.12, 2.11).

Conclusion: Among Medicaid-insured women with breast cancer, those with preexisting T2DM
have an increased mortality hazard, especially when prescribed sulfonylurea or insulin. Further
research is warranted to determine the role antidiabetic drugs have on survival among women with
breast cancer.

Keywords

Medicaid; Cancer registry; Diabetes; Breast cancer; Cardiovascular; Mortality; Glucose-lowering
drugs

Introduction

Breast cancer and type 2 diabetes mellitus (T2DM) are prevalent diseases in the United
States (U.S.) and associated with reduced quality of life. Over the past two decades, T2DM
has alarmingly increased in adults and is associated with an increased risk of mortality from
a wide range of sequelae of T2DM [1,2]. It is estimated that 8 %—20 % of women with
breast cancer have comorbid T2DM [3-7].

The relationship between T2DM and breast cancer risk has been well documented in large
epidemiological studies including an umbrella review of observational studies and meta-
analyses [8]. Several meta-analyses reported that patients with T2DM had greater than a

15 % increased risk of subsequent breast cancer [3,9,10]. Emerging epidemiological studies
have also suggested T2DM might contribute to increased mortality among breast cancer
patients. Factors suggested to contribute to increased mortality risk include diabetes-related
comorbidities, delay in breast cancer treatment, and altered treatment regimens [3,11-14].
Previous meta-analyses observed that patients with diabetes and breast cancer had poorer
breast cancer prognosis and elevated risk of mortality [3,15].

Evidence from pharmacotherapy studies suggests the type of T2DM drug prescribed can
increase or reduce mortality risk among breast cancer patients. Several meta-analyses found
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that metformin was protective against all-cause mortality [16,17]. Another study observed
insulin was associated with increased risk of all-cause mortality while sulfonylureas had
no influence [18]. In contrast, a study evaluating the influence glucose-lowering drugs
have on mortality among breast cancer patients found no association for individuals with
long-term use of sulfonylurea and insulin, but observed metformin was associated with
reduced all-cause mortality [19].

In the general population, cardiovascular disease and cancer are leading causes of

death among those diagnosed with T2DM or breast cancer [1,20,21]. However, most

studies assessing mortality among women with breast cancer and T2DM examined

all-cause mortality. Among the few studies that assessed cause-specific mortality, the
majority examined cancer mortality, where findings were inconsistent [13,19,22,23]. These
inconsistencies are potentially attributed to differences in how studies accounted for breast
cancer treatment, anti-diabetic drugs, comorbidities, and timing of initial T2DM diagnosis in
relation to breast cancer diagnosis.

Among the nonelderly population in the U.S., Medicaid-insured individuals have higher
breast cancer mortality and elevated risk of T2DM-related complications compared to
other insurance types [24-27]. Factors contributing to poorer health outcomes among the
Medicaid-insured are lower screening rates, lower probability of having a sole continuous
primary care physician, and lower likelihood of receiving recommended treatment [28-30].
For this reason, Medicaid-insured women with T2DM diagnosed with breast cancer are
potentially a vulnerable population.

Medicaid provides health insurance coverage to economically disadvantaged individuals at
low to no cost and collects complete detailed claims data on an individual’s encounter
throughout the healthcare system including prescription claims, which are not available
for most insurance types. In the present study, we investigated the association between
preexisting T2DM and all-cause, cardiovascular-specific, and cancer-specific mortality
among Medicaid-insured women diagnosed with breast cancer. We further assessed the
impact the type of anti-diabetic drug prescribed had on mortality. This study presents

a unique opportunity to investigate health outcomes among an underrepresented and
historically understudied population. New York State (NYS) is the ideal population for
this study due to having a large Medicaid-insured population that is racially and ethnically
diverse.

2. Methods

2.1. Study design and data sources

The present cohort study was based on linked data from NYS Department of Health

Cancer Registry and Medicaid Program. The Cancer Registry-Medicaid linkage allowed for
assessment of cancer stage, vital status including causes of death, Medicaid enrollment, and
healthcare utilization. Detailed information on the linkage method was previously published
[31]. Briefly, individuals were linked to Medicaid enrollment, eligibility, encounter, and
claims data by a unique Medicaid identification number. Women with histologically
confirmed, first primary, invasive breast cancer (SEER site recode 26000) diagnosed
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between 2004 and 2016 were eligible. Women were excluded if they were not enrolled
in Medicaid for at least 11 out of 12 months following breast cancer diagnosis.

2.2. Study population

We defined exposed individuals as women who had at least three claims containing
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9CM)
or Tenth Revision (ICD-10) codes for T2DM (250.0-250.93, E11x) including one claim
prior to first breast cancer diagnosis. Women were excluded if they did not have three
diagnosis claims for T2DM with at least one claim prior to breast cancer diagnosis

or no prescription claim for an antidiabetic drug within three months following breast
cancer diagnosis. The unexposed group consisted of women with no ICD-9CM or ICD-10
codes indicating diabetes and no prescription claim for an antidiabetic drug. Comorbidities
included as covariates in the analysis were stroke, chronic kidney disease, coronary heart
disease, and obesity.

Treatment variables in this analysis included (1) antidiabetic drugs (metformin,
sulfonylureas, insulin, other [incretin-based therapies, Meglitinides, Thiazolidinediones,
Sodium-glucose co-transporter-2 inhibitors, Alpha-glucosidase inhibitors, Amylin], and
combination drugs [two or more separate drugs for specific treatments related to T2DM]);
and (2) breast cancer treatment (hormone therapy, surgery, radiation, and chemotherapy). We
grouped certain antidiabetic drugs as “other” due to low number of women prescribed these
drugs for monotherapy. Antidiabetic drugs were determined by prescription claims within
three months after breast cancer diagnosis.

The study population’s demographic characteristics were obtained from the cancer registry
and included age at diagnosis in years (continuous), race/ethnicity (Non-Hispanic Black,
Non-Hispanic White, Non-Hispanic Asian/Pacific Islander, Non-Hispanic Other, Hispanic,
Unknown), marital status (Single, Married/Domestic partner, Divorced/Separated, Widowed,
Unknown), and date of death (continuous). Due to lack of information on menopausal status,
age was used as a proxy estimate (premenopausal < 50 years of age and postmenopausal =50
years of age) [32-34].

Breast cancer characteristics included SEER Summary Stage (local, regional, distant), tumor
grade, and molecular subtypes (estrogen receptor (ER), progesterone receptor, (PR), human
growth factor-neu receptor (HER2), and unknown). In the present study, molecular subtypes
were coded according to the North American Association of Central Cancer Registries
standards and grouped by all possible ER, PR, and HER2 combinations. Additionally, ER
and PR status were combined as a joint hormone receptor positive (HR+) status which

were HR+ (ER-/PR+ or ER+/PR- or ER+/PR+) and HR—-(ER-/PR-). The final categories
used in the analysis were HR+/HER2—-, HR+/HER2+, HR-/HER2+, and HR-/HER2- or
“triple-negative”.

Cause-specific mortality was determined by 1CD-10 codes for cardiovascular (100-199) and
cancer (C00-C97) mortality, while all-cause was based on vital status (alive or dead).
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2.3. Statistical analysis

Relative frequencies were calculated for categorical variables and means and standard
deviations (SD) were calculated for continuous variables. Contingency tables and X2 tests
were used to calculate the relationships between categorical variables. T2DM status prior

to breast cancer was dichotomized (yes/no) and identified by comparing breast cancer date
of diagnosis with first T2DM diagnosis claim date. For all-cause mortality, unadjusted
cumulative incidence functions were determined using Kaplan-Meier and compared patients
with T2DM and nondiabetics after breast cancer diagnosis using the log-rank test. This

was repeated for cause-specific mortality and compared using Gray’s method [35]. Cox
proportional hazards regression models were fit to assess the association of T2DM with
all-cause and cause-specific mortality, while adjusting for confounders (age at diagnosis,
breast cancer date of diagnosis, chemotherapy, coronary heart disease, molecular subtype,
chronic kidney disease, marital status at diagnosis, estimated menopausal status, obesity,
race/ethnicity, stroke, tumor stage, and days between first T2DM diagnosis claim and

breast cancer date of diagnosis). Potential confounders were determined based on being
associated with both T2DM and survival. Additionally, confounding variables could not be
an intervening variable between T2DM and survival. Cox proportional hazards models were
repeated for analyses stratified by race/ethnicity, estimated menopausal status, obesity status,
SEER Summary Stage, and molecular subtype. Date of breast cancer diagnosis was used as
the time point to estimate adjusted hazard ratios (HR) and 95 % confidence intervals (95
%Cl), starting from January 1, 2004 (with independent left truncation on January 1, 2004)
until death or right-censoring (December 31, 2016). All statistical tests were two-tailed.
Statistical analyses were conducted using SAS software version 9.4.

3. Results

9221 women with breast cancer were included in the study. Of these individuals, 1477

had a diagnosis of preexisting T2DM. Table 1 presents the distributions of women by
demographic characteristics and treatment. There were differences in T2DM prevalence
across race/ethnicity and marital status categories (all p < 0.0001). Women with T2DM were
older and more likely to be postmenopausal and obese (all p< 0.0001). Most women were
diagnosed at local stage (o= 0.0008) and were HR+/HER2- (p = 0.0352).

The unadjusted cumulative all-cause mortality by T2DM status after 12 years is shown in
Fig. 1. The cumulative all-cause mortality in women with T2DM was 37.7 % (95 %CI 33.0
%, 42.4 %) compared with 27.9 % (95 %Cl 24.6 %, 31.2 %) in nondiabetic women (p <
0.001). Supplemental Figs. 1 and 2 present the unadjusted cumulative cancer-specific and
cardiovascular-specific mortality after 12 years, respectively. The cumulative cancer-specific
mortality was 24.2 % (95 %CI 20.4 %, 28.3 %) in women with T2DM versus 24.0 %

(95 %CI % 22.4, 25.6 %) in nondiabetic women (p = 0.4960), while the cumulative
cardiovascular-specific morality was 13.6 % (95 %CI 8.9 %, 19.3 %) among women with
T2DM compared to 4.1 % (95 %CI 1.3 %, 9.3 %) in nondiabetic women (p < 0.001).

Table 2 shows the regression analyses for all-cause and cause-specific morality by
preexisting T2DM status. After adjusting for confounders, women with T2DM had an

Cancer Epidemiol. Author manuscript; available in PMC 2023 February 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lawrence et al.

Page 6

increased all-cause (HR = 1.40; 95 %Cl 1.21, 1.63), cancer-specific (HR = 1.24; 95 %Cl
1.04, 1.47), and cardiovascular-specific (HR = 2.46; 95 %CI 1.54, 3.90) mortality hazard.

Table 3 presents stratified multivariable-adjusted analyses assessing all-cause mortality by
preexisting T2DM status. Increased risk of all-cause mortality among women with T2DM
versus nondiabetics was strongest among non-Hispanic White (HR = 1.78; 95 %Cl 1.38,
2.30), postmenopausal (HR = 1.47; 95 %Cl 1.23, 1.77), and non-obese (HR = 1.49; 95 %CI
1.22, 1.82) women. When examining differences by stage at diagnosis, the greatest mortality
hazard was observed for localized stage (HR = 1.62; 95 %CI 1.23, 2.14).

We further performed multivariable-adjusted analyses restricted to women with T2DM for
the association of demographic and clinical characteristics with all-cause mortality (Table
4). Compared to non-Hispanic Whites (referent), reduced mortality hazard was observed
among non-Hispanic Asian/Pacific Islanders (HR = 0.45; 95 %Cl 0.27, 0.74) and Hispanics
(HR =0.74; 95 %CI 0.55, 0.99). For associations with estimated menopausal status and
obesity status, we found postmenopausal women had an increased mortality hazard (HR
=1.60; 95 %CI 1.02, 2.50) compared to premenopausal (referent), and obese women had
reduced mortality (HR = 0.65; 95 % CI 0.52, 0.83) compared to non-obese (referent).
Additionally, increased mortality was observed for regional (HR = 1.93; 95 %Cl 1.48,

2.53) and distant (HR = 8.65; 95 % CI 5.72, 13.07) stage compared to local stage disease
(referent). Moreover, triple negative women had an elevated mortality hazard (HR = 1.76; 95
%ClI 1.11, 2.80) compared with HR+/HER2-.

Table 5 presents regression analyses for all-cause and cause-specific morality by antidiabetic
drug prescribed after breast cancer diagnosis among women with preexisting T2DM.
Compared to women prescribed metformin (referent), an elevated all-cause mortality hazard
was observed among women prescribed sulfonylurea (HR = 1.44; 95 %ClI 1.06, 1.94) or
insulin (HR = 1.54; 95 %CI 1.12, 2.11). We further examined all-cause mortality among
women with preexisting T2DM by antidiabetic drug and breast cancer subtype (Table

6). Increased all-cause mortality was observed for women who were HR+/HER2- and
prescribed ‘other’ antidiabetic drugs (HR = 3.85; 95 %CI 1.66, 8.91) compared to women
prescribed metformin (referent). However, this result was based on a small number of
women with documented molecular subtype and was potentially due to chance.

4. Discussion

In the present study, Medicaid-insured women with preexisting T2DM at breast cancer
diagnosis had an elevated risk of all-cause and cause-specific mortality. This was especially
pronounced for cardiovascular-specific mortality, where there was greater than a 2-fold
increased hazard compared to nondiabetic women. Additionally, our findings suggest that
mortality among women with preexisting T2DM is influenced by the type of antidiabetic
drug prescribed near the time of breast cancer diagnosis.

Earlier studies reported that all-cause mortality risk was higher in women with breast cancer
and T2DM, aligning with our findings among women with preexisting T2DM. In a meta-
analysis, women with preexisting diabetes at breast cancer diagnosis had a 49 % increase in
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all-cause mortality compared to women without diabetes [3]. Another study among patients
in the U.S. Military Health System found women with T2DM prior to breast cancer had
increased risk of mortality compared to nondiabetic women [7]. However, few studies have
examined cause-specific mortality. Of these studies, the majority evaluated breast cancer-
specific mortality, where findings were inconsistent [13,19,22,23]. In the present study, we
observed preexisting T2DM was associated with cancer-specific mortality. The differences
between our results and some prior studies are potentially attributable to differences in
receipt of breast cancer treatment and type of treatments adjusted for in statistical models.
The relationship between T2DM and cardiovascular-specific mortality among women with
breast cancer has not been widely reported. Haukka et al. (2017) reported that diabetes
mellitus was strongly associated with increased cardiovascular mortality among patients
with breast cancer, aligning with our findings [22].

In analyses stratified by race/ethnicity, estimated menopausal status, obesity status, and
staging, the association of T2DM with increased mortality hazard tended to be greater
among specific subgroups. Postmenopausal women with T2DM had a 47 % increased
mortality hazard than their nondiabetic counterparts [36,37]. Additionally, women with
T2DM had an elevated mortality hazard across all molecular subtypes in comparison with
nondiabetic women, but results were not statistically significant. When examining mortality
among women with preexisting T2DM, we observed that compared to non-Hispanic Whites,
non-Hispanic Asian/Pacific Islander and Hispanic groups with T2DM had better overall
survival. Previous studies have reported that compared to the general population, Asian/
Pacific Islanders in the U.S. have healthier dietary habits, lower rates of heart disease, and
lower female smoking rates, particularly among foreign-born individuals, all factors that
may contribute to better health outcomes for patients with T2DM and/or cancer [38-44].
This potentially explains our findings as a large proportion of the Asian population in NYS
are foreign-born [45]. The health advantage among foreign-born is potentially because
healthy immigrants are more likely to migrate to the U.S. or immigrants with more
advanced disease tend to return to their country of origin prior to death [46-48]. Prior
studies reported that compared to Whites, Hispanics have poorer breast cancer outcomes
largely driven by socioeconomic factors [49]. However, Hispanic culture is known for
strong social ties and endorsing healthier behaviors, which in the present study where the
population is largely economically disadvantaged may have been slightly advantageous
[50,51]. Interestingly, we also observed that being obese was protective against mortality
in women with preexisting T2DM and breast cancer. Prior studies that observed similar
findings referred to this phenomenon as the “obesity paradox”, where being obese was
protective against mortality [52,53]. A potential reasoning is that women in the nonobese
category could disproportionately include sicker patients who have an elevated mortality
risk. Patients with more aggressive cancer at diagnosis often experience weight loss [52].
Obese patients also have higher nutritional reserves, which can be advantageous during
periods of acute illness [54].

When examining survival by antidiabetic drug type, our results showed increased all-
cause mortality among women with preexisting T2DM prescribed sulfonylurea or insulin
compared to women prescribed metformin for monotherapy. Previous studies assessing
anti-diabetic drugs on mortality among women with cancer have reported sulfonylureas
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and insulin were associated with increased mortality [18,55]. We also observed elevated
mortality hazard for cancer-specific and cardiovascular-specific mortality among women
prescribed sulfonylurea or insulin, though not statistically significant at alpha = 0.05.
Literature has reported that compared to metformin, sulfonylureas have greater adverse
cardiovascular risk factors that contribute to poorer survival including hypoglycemia, weight
gain, and fluid retention [56-58]. Additionally, insulin was suggested to increase risk

of vascular damage and major cardiac events among T2DM patients [59-61]. Though
metformin is the recommended first-line oral antidiabetic drug for T2DM, patients might
be prescribed sulfonylurea or insulin due to contraindications or intolerance to metformin
[58,62,63]. Moreover, this is one of few studies assessing the relationship between
antidiabetic drugs and molecular subtype on mortality, where findings remain inconsistent
[64-68]. In the present study, we observed increased all-cause mortality hazard for women
with HR+/HER2- cancers who were prescribed “other” antidiabetic drugs compared to
metformin prescribed group. Prior studies have suggested metformin influences inducing
apoptosis in HER2+ and triple negative breast cancer cells [69-71]. However, in this study
approximately forty percent of women’s breast cancer molecular subtype was unknown
making it difficult to interpret findings.

Increased mortality among women with breast cancer and preexisting T2DM can potentially
be attributed to receiving less aggressive cancer treatment compared to nondiabetic women
[14]. Previous studies reported that physicians might use less aggressive treatment in
women with T2DM because of perceived risk of chemotherapy-related toxicity [13].

This is demonstrated in the present study in which women with preexisting T2DM had
lower receipt of chemotherapy compared with nondiabetics. In our multivariable analysis,
chemotherapy as a potential confounder was adjusted for in our model, thus the impact

of treatment on survival was reduced, although there is potential for residual confounding
by type of chemotherapy. Additionally, our findings that women with T2DM prescribed
sulfonylurea or insulin for monotherapy had poorer breast cancer survival is potentially an
indicator for patients with additional comorbid conditions such as severe chronic kidney
disease, where mortality risk is greater and metformin is often not prescribed as a result

of potentially contributing to poorer clinical outcomes [72,73]. However, in our descriptive
analysis for antidiabetic drugs prescribed by medical condition, we observed that the percent
distribution of drugs prescribed among patients with chronic kidney disease was similar
with all other comorbid conditions (Supplemental Table 1). Another potential explanation
is the impact both antidiabetic drugs in combination with breast cancer treatment has on
survival. Previous studies have documented that sulfonylureas and insulin are associated
with adverse cardiovascular health in comparison with metformin when prescribed for
monotherapy [74-76]. Epidemiological studies observed that breast cancer therapy was
associated with increased risk of chemotherapy-induced heart disease following completion
of cancer treatment [77]. This was specifically observed among women that received
combined anthracyclines and new-generation targeted drugs (e.g. trastuzumab) [77-79].
The combined influence of sulfonylureas or insulin prescribed for monotherapy and breast
cancer therapy may have a detrimental impact on cardiovascular health, contributing to
poorer long-term survival.
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Although our study provides new insight on the relationship between preexisting T2DM
and antidiabetic drugs on mortality among women with breast cancer, several limitations
must be noted. First, we are unable to exclude residual confounding related to breast cancer
treatment, such as timing, intensity, duration, and frequency of treatment. Second, this
study did not consider specifics of breast cancer treatments, such as type of chemotherapy.
Third, menopausal status was determined by age rather than by clinical diagnosis. For this
reason, we are unable to account for the potential influence of smoking and obesity on
timing of menopause [80,81]. Fourth, identification of antidiabetic drugs was at time of
breast cancer diagnosis, failing to consider changes over time. Fifth, there is a possibility
that we either under-adjusted or over-adjusted for potential confounders. For instance, we
lacked information on dietary habits, physical activity, and smoking frequency, which are
associated with both T2DM and mortality, potentially resulting in uncontrolled confounding.
Further, obesity status was based on Medicaid claims data which may under-report obesity
and result in some misclassification; however, the prevalence of obesity in our population
was similar to estimates in comparable populations. Conversely, though we adjusted for
known comorbidities in our statistical models, there is a possibility that one or more
comorbid condition adjusted for is on the causal pathway between T2DM and mortality
resulting in over-adjusting. Finally, this study was only able to assess if a woman filled

a prescription for an antidiabetic drug, and we could not determine whether they were
adherent to their medication treatment plan.

The present study limitations are offset by its strengths. Most notably, the study consisted

of a large, racially and ethnically diverse Medicaid population that was primarily low-
income. Additionally, obesity status was based on objective measures obtained during health
examinations rather than self-report where individuals tend to over-estimate height and
underreport weight [82]. Moreover, this study utilized objective data from NYS cancer
registry, which is a gold-rated state cancer registry, and detailed information from Medicaid
administrative claims.

5. Conclusion

In conclusion, this study suggests that Medicaid-insured women with preexisting T2DM at
breast cancer diagnosis are at greater risk for all-cause, cancer-specific, and cardiovascular-
specific mortality, compared to nondiabetic women with breast cancer. Women prescribed
sulfonylurea or insulin potentially have greater mortality risk than those prescribed
metformin for monotherapy. Additional research is needed to determine the optimal course
of treatment for women with preexisting T2DM diagnosed with breast cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Cumulative incidence function for all-cause mortality among Medicaid-insured women

diagnosed with breast cancer with preexisting type 2 diabetes mellitus and without diabetes.
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Table 2

Multivariable-adjusted analysis for preexisting type 2 diabetes mellitus status in relation to mortality among
9221 Medicaid-insured women with breast cancer from 2004-2016 in New York State.

Variables Type 2 Diabetes Mellitus Status
HR (95 % CI) &

No Yes
All-cause Mortality Referent 1.40 (1.21, 1.63)
Cancer Mortality Referent 1.24 (1.04, 1.47)

Cardiovascular Mortality  Referent 2.46 (1.54, 3.90)

Note: Estimated menopausal status defined as: Premenopausal < 50 years of age and Postmenopausal =50 years of age.

Abbreviations: HR, Hazard Ratio 95 % CI, 95 % confidence interval.
a. . - . . . . . .
Adjusted for race/ethnicity, estimated menopausal status, age at breast cancer diagnosis, breast cancer date of diagnosis, marital status at

diagnosis, obesity, coronary heart disease, stroke, chronic kidney disease, molecular subtype, chemotherapy, surgery, hormone therapy, SEER
Summary Staging.
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Page 20

Multivariable-adjusted analysis assessing the impact of preexisting type 2 diabetes mellitus status on all-cause
mortality among 9221 Medicaid-insured women with breast cancer by demographic and clinical subgroup
characteristics in New York State, 2004-2016.

Variables

Type 2 Diabetes Mellitus versus No
Diabetes Mellitus

HR (95 % CI) &

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian/ Pacific Islander
Non-Hispanic Other

Hispanic

Estimated Menopausal Status b
Premenopausal
Postmenopausal

Obese
Yes
No

SEER Summary Staging
Localized
Regional
Distant

Molecular Subtype
HR+/HER2-
HR+/HER2+
HR-/HER2+

Triple-negative

1.78 (1.38, 2.30)
1.26 (0.97, 1.64)
0.82 (0.41, 1.61)

1.29 (0.94, 1.78)

1.31(0.99, 1.74)
1.47 (1.23, 1.77)

1.35 (L.08, 1.69)
1.49 (1.22, 1.82)

1.62 (1.23, 2.14)
1.25 (0.9, 1.57)
1.35 (0.97, 1.87)

1.33(0.92, 1.93)
1.40 (0.75, 2.60)
1.93 (0.70, 5.33)
1.07 (0.68, 1.69)

Abbreviations: HR, Hazard Ratio; 95 % CI, 95 % confidence interval; HR+, Estrogen receptor or progesterone receptor positive; HER2, human

epidermal growth factor receptor 2.

Note: “~ "indicates not calculable.

a. . - . . . . . .
Adjusted for race/ethnicity, estimated menopausal status, age at breast cancer diagnosis, breast cancer date of diagnosis, marital status at

diagnosis, obesity, coronary heart disease, stroke, chronic kidney disease, molecular subtype, chemotherapy, surgery, hormone therapy, SEER

Summary Staging.

b_ . ]
Estimated menopausal status defined as: Premenopausal < 50 years of age and Postmenopausal =50 years of age.
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Table 4

Page 21

Multivariable-adjusted analysis for the association of demographic and clinical characteristics with all-cause
mortality among 1477 Medicaid-insured women with preexisting type 2 diabetes mellitus diagnosed with
breast cancer in New York State, 2004-2016.

Variables

HR (95 % CI) @

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian/Pacific Islander
Non-Hispanic Other

Hispanic

Estimated Menopausal Status b
Premenopausal
Postmenopausal

Obese
No
Yes

SEER Summary Staging
Localized
Regional
Distant

Molecular Subtype
HR+/HER2-
HR+/HER2+
HRR/HER2+

Triple-negative

Referent

1.00 (0.76, 1.33)
0.45 (0.27, 0.74)
0.38 (0.05, 2.76)
0.74 (0.55, 0.99)

Referent
1.60 (1.02, 2.50)

Referent
0.65 (0.52, 0.83)

Referent
1.93 (1.48, 2.53)
8.65 (5.72, 13.07)

Referent

1.27 (0.76, 2.13)
0.99 (0.46, 2.13)
1.76 (1.11, 2.80)

Abbreviations: HR, Hazard Ratio; 95 % ClI, 95 % confidence interval; HR+, Estrogen receptor or progesterone receptor positive; HER2, human

epidermal growth factor receptor 2.

a, . - . . . . . .
Adjusted for race/ethnicity, estimated menopausal status, age at breast cancer diagnosis, breast cancer date of diagnosis, marital status at

diagnosis, obesity, coronary heart disease, stroke, chronic kidney disease, molecular subtype, chemotherapy, surgery, hormone therapy, SEER

Summary Staging, days between first type 2 diabetes mellitus diagnosis claim and breast cancer date of diagnosis.

b_ . ]
Estimated menopausal status defined as: Premenopausal < 50 years of age and Postmenopausal =50 years of age.
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