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ABSTRACT
Aims/Introduction: We sought to determine if postmenopausal women who develop
breast cancer are at increased risk of developing diabetes mellitus.
Materials and Methods: The Taiwan National Health Insurance Research Database
was searched from 2001 to 2015 for women aged ≥55 years (postmenopausal) with a
diagnosis of primary breast cancer. Participants were age-matched with women without
breast cancer in a 1:5 ratio. Cox proportional hazards analyses were used to examine asso-
ciations between breast cancer, risk factors and the development of diabetes mellitus.
Results: A total of 4,607 women with primary breast cancer and 23,035 age-matched
controls without breast cancer were included (mean age 58.6 – 9.1 years). Adjusting for
age, income, urbanization, Charlson Comorbidity Index and medical conditions, the risk of
diabetes mellitus for participants with breast cancer at 1, 5, 10 and 15 years was 1.70-,
1.34-, 1.27- and 1.24-fold higher, respectively, than for participants without breast cancer
(adjusted hazard ratio [aHR] 1.70, 95% confidence interval [CI] 1.40–2.05; aHR 1.34, 95% CI
1.17–1.54; aHR 1.27, 95% CI 1.13–1.44; aHR 1.24, 95% CI 1.11–1.40). The risk of diabetes
mellitus at 1 year for breast cancer patients receiving hormone therapy was 1.22-fold
higher than in those not receiving hormone therapy (aHR 1.22, 95% CI 0.86–1.74), but
without statistical significance.
Conclusions: Postmenopausal women with breast cancer are at increased risk of
developing diabetes mellitus, independent of receiving hormone therapy, and should be
closely monitored to establish an early diagnosis and therapeutic intervention for improv-
ing related outcomes.

INTRODUCTION
Breast cancer is one of the most important malignancies in
women worldwide, and the leading cause of cancer-related death
in women1,2. An increase in the incidence of breast cancer is
believed to be due in part to urbanization, and changes in lifestyle
and eating habits1,3. In Taiwan, patients with the highest morbid-
ity from breast cancer are usually 10 years younger than those in
Western countries1,2. In contrast, diabetes mellitus has also
become a serious globally health issue, with an increasing inci-
dence of diabetes mellitus and a younger age of onset4. Currently,
diabetes mellitus and its associated complications are the fifth
leading cause of death among the top 10 major causes of death4.

Diabetes mellitus and various cancers share certain risk fac-
tors, including a link between obesity and cancers, such as
breast and prostate cancer5. Associations have also been
reported between diabetes mellitus, antidiabetic drugs, insulin
resistance and breast cancer risk6–9. For example, Lipscombe
et al.8 examined population-based data from Ontario, Canada,
and reported that the risk of diabetes mellitus in post-
menopausal women with breast cancer was increased by 1.07-
fold at 2 years after breast cancer diagnosis compared with the
risk of diabetes mellitus in women without breast cancer (haz-
ard ratio [HR] 1.21, 95% confidence interval [CI] 1.09–1.35);
and the risk was higher in women who received adjuvant treat-
ment. In contrast, Santorelli et al.10 reported that breast cancer
patients treated with aromatase inhibitors and tamoxifen doReceived 1 October 2018; revised 15 June 2019; accepted 1 July 2019
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not show an increased frequency of developing diabetes melli-
tus. In a retrospective case–control study, Dazbrowski et al.7

found that breast cancer was the most common malignancy in
women with diabetes mellitus (20.7%). Maskarinec et al.11

investigated breast cancer in American women using a ques-
tionnaire, cancer registration database and death registration
database, and found that diabetes mellitus was closely associ-
ated with breast cancer risk (HR 1.15; 95% CI 0.07–1.23). Two
meta-analyses reported that pre-existing diabetes mellitus is
associated with a poorer prognosis in women who develop
breast cancer12,13. Treatment of women with diabetes mellitus
with metformin, rosiglitazone and sitagliptin is shown to reduce
the risk of breast cancer14–16, and metformin might also reduce
cervical cancer risk in women with diabetes mellitus 17.
Although evidence shows associations between diabetes mellitus
and breast cancer, the interplay of factors, such as obesity, insu-
lin resistance, inflammation and oxidative stress, is exceptionally
complex and is only beginning to be understood5,18,19. How-
ever, studies examining the risk of developing diabetes mellitus
after a diagnosis of breast cancer are limited. Thus, the purpose
of the current study was to investigate the risk over time of
postmenopausal women with breast cancer developing diabetes
mellitus, and to determine if hormone therapy for breast cancer
might affect such risk.

METHODS
Data source and participants
The National Health Insurance program in Taiwan integrated
all public insurance systems into a single payment program
since 1995, and by 2009, the program provided medical insur-
ance for 99% of the Taiwanese population. Subsequently, the
National Health Research Institute and Bureau of National
Health Insurance established the Taiwan National Health Insur-
ance Research Database (NHIRD20–22. The NHIRD contains
original claims data of >23 million people, 98% of whom are
Han Chinese, which is 99.9% of the entire population of Tai-
wan. The database thus provides a large population-based
resource for epidemiological studies. The NHIRD includes all
information on outpatient and inpatient claims data, and all
patient information is de-identified. All clinical diagnoses, pro-
cedures and treatments are recorded according to the Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) coding scheme. The present retro-
spective study was approved by (ethical review board approval)
Institution Responsibility Board of National Taiwan University
Hospital, and conforms to the provisions of the Declaration of
Helsinki.
We searched the household registry data, cancer registry data

and NHIRD records of patient data collected from 2000 to
2015 for postmenopausal women aged ≥55 years who were
newly diagnosed with primary breast cancer. The age range of
≥55 years was used because it closely corresponds with post-
menopausal status23. The index date was defined as the date
breast cancer was first diagnosed. Within 1 year before the

index date, women diagnosed with another malignancy or pri-
mary breast cancer (ICD-9: 140–173, 175–208, 2330 or ICD-O-
3: C00–C49, C51–C97, D050–D059), women diagnosed with
coding of diabetes mellitus (ICD-9: 250), women receiving hor-
mone therapy or those diagnosed with metabolic syndrome
(ICD-9: 2777), obesity (ICD-9: 278), phlebitis, thrombophlebitis,
venous thrombosis and thrombosis (ICD-9: 451–453) were
excluded. On the basis of age, participants with breast cancer
were matched with those without breast cancer in a 1:5 ratio.
Participants who had <1 year of follow up or had recurrent
breast cancer were also excluded. Participants were considered
to have a comorbidities record (hyperlipidemia, hypertension,
cardiovascular diseases/ischemic heart disease, chronic kidney
disease, cerebrovascular diseases) if they were diagnosed within
1 year before the index date or at the time of breast cancer
diagnosis. The Charlson Comorbidity Index (CCI) was calcu-
lated for each patient. For analysis, participants were divided
into four subgroups stratified according to the level of urbaniza-
tion in the Taiwan township where they reside24.
Medications used for hormone therapy included anastrozole,

exemestane, goserelin, letrozole, megestrol, tamoxifen and tore-
mifene. Drugs used for chemotherapy included docetaxel, pacli-
taxel, doxorubicin, epirubicin, cyclophosphamide, fluorouracil,
gemcitabine, methotrexate, cisplatin, carboplatin, vinorelbine,
mitoxantrone, capecitabine and tegafur.

Statistical analysis
Categorical data are expressed as numbers (n) and percentage
(%), and compared using the v2-test. Continuous data are
expressed as the mean – standard deviation, and compared
using the t-test. A cause-specific Cox proportional hazards
model accounting for the competing risks of recurrence of
breast cancer, presence of new cancer or metastasis and death
was used to evaluate the risk for diabetes or breast cancer and
associations with hormone therapy over time. Risk factors, such
as age, income, urbanization, comorbidities and breast cancer
treatment, were also evaluated for associations with diabetes
incidence in breast cancer patients. Results are reported as aHR
and 95% CI. Risk factors found to be statistically significant in
the univariate cause-specific Cox proportional hazards model
were included in the multivariate model. All analyses were two-
sided, and a value of P < 0.05 was considered statistically sig-
nificant. Statistical analysis was carried out with SAS version
9.4 software (SAS Institute Inc., Cary, NC, USA).

RESULTS
A total of 322,292 women aged ≥55 years were identified in
the household registration data of the NHIRD during the study
period. Of these, 6,720 had new-onset breast cancer. A total of
2,113 were excluded, as shown in Figure 1, and thus 4,607
postmenopausal women aged ≥55 years who were diagnosed
with primary breast cancer between 2001 and 2013 were
included in the analysis. The number of age-matched control
participants without breast cancer was 23,035. The mean age of
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the participants included in the analysis was 58.6 – 9.1 years.
Demographic and clinical characteristics of participants with
and without breast cancer are summarized in Table 1. CCI >1,
hyperlipidemia, hypertension, cardiovascular disease and cere-
brovascular disease were more prevalent in the breast cancer
group. The median follow-up period in years was longer in the
non-breast cancer group.
Among all participants with primary breast cancer, the mean

age was 59.0 – 9.2 years, and 2,812 received hormone therapy
(61.0%). Significant differences were observed in age
(P < 0.001), CCI >1 (P < 0.001), prevalence of hyperlipidemia
(P = 0.014), prevalence of hypertension (P < 0.001), receiving
surgery (P < 0.001) and chemotherapy (P < 0.001) treatment
within 1 year after breast cancer diagnosis between participants
who received hormone therapy and those who did not
(Table 2). Treatment for breast cancer, such as surgery and
chemotherapy, was not associated with diabetes incidence in
the breast cancer study group, and no interaction effect was
shown between hormone therapy and diabetes (data not
shown).
In participants with breast cancer, the incidence of diabetes

mellitus at 1, 5, 10 and 15 years after diagnosis was 92.6, 49.5,
41.9 and 39.9/1,000 person-years, respectively. In control

participants without breast cancer, the incidence of diabetes
mellitus at 1, 5, 10 and 15 years after the index date was 53.6,
27.2, 24.5 and 24.0/1,000 person-years, respectively (Table 3).
After adjustment for age, income, urbanization, CCI and medi-
cal conditions (hyperlipidemia, hypertension, cardiovascular dis-
ease, cerebrovascular disease), the risk of diabetes mellitus in
participants with breast cancer at 1, 5, 10 and 15 years after
diagnosis of breast cancer was 1.70-, 1.34-, 1.27- and 1.24-fold
higher, respectively, than in participants without breast cancer
(aHR 1.70, 95% CI 1.40–2.05; aHR 1.34, 95% CI 1.17–1.54;
aHR 1.27, 95% CI 1.13–1.44; aHR 1.24, 95% CI 1.11–1.40).
The aHR for the occurrence of diabetes mellitus in participants
with breast cancer over a period of 15 years is shown in Fig-
ure 2.
The incidence of diabetes mellitus in participants with breast

cancer stratified by receiving hormone therapy or not is sum-
marized in Table 4. In participants who received hormone ther-
apy, the incidence of diabetes mellitus at 1, 5, 10 and 15 years
after diagnosis was 106.2, 79.0, 71.7 and 69.9/1,000 person-
years, respectively, and in participants who did not receive hor-
mone therapy was 75.1, 36.3, 31.7 and 30.3/1,000 person-years,
respectively. After adjustment for age, income, cancer stage,
CCI and medical conditions (hyperlipidemia, hypertension,

55 years or older women between 2001, and 2013 in the household registration
data (n = 322,292)

Patients with new-onset Breast cancer (n = 6,720)

Patients excluded conditions listed below:
1.       Cancer or Carcinoma in situ of breast

before cohort entry (n = 646)
2.       Diabetes mellitus before cohort entry

(n = 1414)
3.       <1 year of follow-up (n = 317)
4.       Metabolic syndrome, Obesity and

Phlebitis, thrombophlebitis, venous
embolism and thrombosis in the 1 year
before cohort entry (n = 32)

5.       Receipt of Hormonal therapy before

cohort entry (n = 40)

1:5 matched age non-breast
cancer control group (n = 23,035)

Breast cancer patients included
 in this study cohort (n = 4,607)

Hormone therapy
(n = 2,812)

Non-hormone therapy
(n = 1,795)

Figure 1 | Flow diagram of participant inclusion.
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cardiovascular disease, cerebrovascular disease), the risk of dia-
betes mellitus at 1 year in breast cancer participants receiving
hormone therapy was 1.22-fold higher than in those who did
not receive hormone therapy (aHR 1.22, 95% CI 0.86–1.74),
but without statistical significance. The aHR for the occurrence
of diabetes mellitus in participants with breast cancer who
received hormone therapy over a period of 15 years is shown
in Figure 3.

DISCUSSION
The results of the present large population-based study showed
that the risk of diabetes mellitus in women with breast cancer
is increased beginning in the first year after diagnosis when
compared with the risk of diabetes mellitus in women without
breast cancer. The risk of diabetes mellitus in breast cancer
patients remains increased up to 10 years after diagnosis
(length of current analysis), although it gradually decreases over
time. In addition, women with breast cancer who have received
hormone therapy are at increased risk of diabetes mellitus at 6
and 10 years after diagnosis compared with those with breast
cancer who have not received hormone therapy, but without
statistical significance.

Many studies have examined the effect of pre-existing dia-
betes mellitus on the prognosis of women who develop breast
cancer. In a previous study in Taiwan by Chen et al.25, who
also used NHIRD data, diabetes mellitus was an independent
predictor of lower breast cancer-specific survival and overall
survival rates in women with early-stage breast cancer. A recent
case–control study found that obesity and diabetes mellitus
increased the risk of breast cancer in women and colorectal
cancer in men7. That study also found that hemoglobin A1c
level ≥8.5% and insulin treatment (dose-dependent and time-
dependent) were associated with an increased risk of malig-
nancy, whereas metformin use lowered the risk of malignancy,
but the duration of diabetes mellitus, comorbidities, smoking
and aspirin use were not associated with risk of malignancy.
An epidemiological study carried out in Taiwan found an
increase in the incidence of breast cancer from 1997 to 2013,
but at the same time found a decline in the 5-year mortality
rate for women with CCI >1 (1997, 5-year mortality 39.1%;
2008, 5-year mortality 21.1%)26.
Meta-analyses have shown that diabetes mellitus is a risk fac-

tor for the development of breast cancer27, and that diabetes
mellitus is associated with a poorer prognosis in women who

Table 1 | Participant characteristics

Variable Primary breast cancer No breast cancer P-value
n = 4,607 n = 23,035

Age at diagnosis (years)
Mean (SD) 58.6 (9.1) 58.6 (9.1) 0.974
55–65 years 3,714 (80.6) 18,562 (80.6) 0.934
66–80 years 782 (17.0) 3,897 (16.9)
81 years 111 (2.4) 576 (2.5)

Income†

<1,249 1,391 (30.2) 6,758 (29.3) <0.001
1,249–21,899 1,389 (30.2) 7,723 (33.5)
≥21,900 1,827 (39.7) 8,554 (37.1)

Urbanization‡

I (1) 1,628 (35.3) 6,714 (29.2) <0.001
II (2 + 3) 1,724 (37.4) 8,738 (37.9)
III (4 + 5) 557 (12.1) 3,119 (13.5)
IV (6 + 7) 207 (4.5) 1,615 (7.0)
Missing 491 (10.7) 2,849 (12.4)

Charlson Comorbidity Index
Mean (SD) 0.6 (1.5) 0.2 (0.6) <0.001
>1 692 (15.0) 977 (4.2) <0.001

History of hyperlipidemia 477 (10.4) 1,916 (8.3) <0.001
History of hypertension 1,177 (25.6) 4,893 (21.2) <0.001
History of cardiovascular disease 301 (6.5) 1,311 (5.7) 0.026
History of chronic kidney disease 25 (0.5) 133 (0.6) 0.775
History of cerebrovascular disease 155 (3.4) 630 (2.7) 0.019
Median follow-up period, years (IQR) 1.1 (0.2–2.7) 6.9 (3.9–10.6) <0.001

Data are presented as mean – standard deviation (SD), number (percentage) or median (interquartile range [IQR]). †Patients were divided into three
subgroups according to the 33.3 and 66.6 percentile of income. ‡Patients were divided into four subgroups according to the level of urbanization
where they resided: I (1): highly urbanized cities; II (2 + 3): moderately urbanized cities plus boom towns; III (4 + 5): general cities and towns plus
aging towns; IV (6 + 7): suburbanized cities and towns plus remote towns.
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develop breast cancer12,13. The most recent meta-analysis was
published in 2016, including 17 studies and 48,315 women with
breast cancer; the results showed that the pooled aHR for poor-
est overall survival was 1.51, and 1.28 for poorest disease-free
survival in patients with diabetes mellitus in comparison with
those without diabetes mellitus 13. In addition, Tsilidis et al.28

carried out an “umbrella review” of meta-analyses of observa-
tional studies examining the relationship of diabetes mellitus
and cancer, and suggested that only a minority of studies
reporting a link between diabetes mellitus and various cancers
had “robust” supporting evidence without bias. Of the different
cancers examined, only the associations between diabetes melli-
tus and the risk of developing various cancers, including breast
cancer, were nominally significant.
Generally, exogenous insulin use is associated with an ele-

vated risk of cancer29. However, certain antidiabetic drugs

might reduce the risk of breast cancer14–16. Tseng et al.15 found
that rosiglitazone significantly reduced the risk of breast cancer
in Taiwanese women with diabetes mellitus, and the risk was
further reduced in women who also took metformin. Biologi-
cally, the change of insulin resistance in women with breast
cancer might hint to the pivotal role of insulin resistance in
developing diabetes among women with breast cancer in the
present study. In another study, the same author reported that
metformin alone reduced the risk of cervical cancer in Tai-
wanese women with diabetes mellitus 17. Although many stud-
ies have examined the effect of diabetes mellitus on cancer risk,
few have examined the effect of cancer on developing diabetes
mellitus. Lipscombe et al.8 compared the data of 24,976 breast
cancer survivors with those of 124,880 non-cancer controls; the
risk of diabetes mellitus in women with breast cancer compared
with the risk in the controls began to increase at 2 years after

Table 2 | Characteristics of women with breast cancer stratified by receiving hormone therapy

Variable Hormone therapy No hormone therapy P-value
n = 2,812 n = 1,795

Age group
Mean (SD) 59.0 (9.2) 57.8 (8.8) <0.001
55–65 years 2,216 (78.8) 1,498 (83.4) <0.001
66–80 years 522 (18.6) 260 (14.5)
≥81 years 74 (2.6) 37 (2.1)

Income
<1,249 826 (29.4) 565 (31.5) 0.299
1,249–21,899 853 (30.3) 536 (29.9)
≥21,900 1,133 (40.3) 694 (38.7)

Urbanization†

I (1) 994 (35.4) 634 (35.3) 0.877
II (2 + 3) 1,046 (37.2) 678 (37.8)
III (4 + 5) 336 (12.0) 221 (12.3)
IV (6 + 7) 133 (4.7) 74 (4.1)
Missing 303 (10.8) 188 (10.5)

Cancer stage
1 767 (35.3) 356 (32.5) 0.087
2 896 (41.3) 448 (41.0)
3 392 (18.1) 236 (21.6)
4 116 (5.3) 54 (4.9)

Charlson Comorbidity Index
Mean (SD) 0.7 (1.6) 0.5 (1.2) <0.001
>1 446 (15.9) 246 (13.7) 0.046

History of hyperlipidemia 316 (11.2) 161 (9.0) 0.014
History of hypertension 773 (27.5) 404 (22.5) <0.001
History of cardiovascular disease 186 (6.6) 115 (6.4) 0.781
History of chronic kidney disease 15 (0.5) 10 (0.6) 0.915
History of cerebrovascular disease 100 (3.6) 55 (3.1) 0.366
Received treatment within 1 year after index date
Surgery 2,710 (96.4) 1,293 (72.0) <0.001
Chemotherapy 1,732 (61.6) 848 (47.2) <0.001
Median follow-up period, years (IQR) 3.1 (0.1–6.8) 4.1 (1.0–8.5) <0.001

Data are presented as mean – standard deviation (SD), number (percentage) or median (interquartile range [IQR]). †Patients were divided into four
subgroups according to the level of urbanization where they resided: I (1): highly urbanized cities; II (2 + 3): moderately urbanized cities plus boom
towns; III (4 + 5): general cities and towns plus aging towns; IV (6 + 7): suburbanized cities and towns plus remote towns.
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diagnosis (HR 1.07, 95% CI 1.02–1.12), rising to HR 1.21 (95%
CI 1.09–1.35) at 10 years. In women who received adjuvant
chemotherapy, the risk was the highest during the first 2 years
after diagnosis (HR 1.24, 95% CI 1.12–1.38), and subsequently
declined over time. In contrast, a 2016 study using the Surveil-
lance, Epidemiology and End Results database reported that
aromatase inhibitors and tamoxifen do not increase diabetes

mellitus risk in postmenopausal women with stage I–III breast
cancer in the 2 years after initiation of treatment10.
As diabetes mellitus has a notable increasing trend among

Asian individuals, especially among young and middle-aged
adults30, early detection or prevention of diabetes mellitus is
essential, because the macro- and microvascular complications
associated with diabetes mellitus will influence quality of life in
these patients. Diabetes develops at a younger age in Asian
populations, arising from early b-cell dysfunction and insulin
resistance, causing many patients to require insulin and increas-
ing the likelihood of diabetic complications31. Asian women
comprise the largest group of diabetes mellitus patients with
diabetes-related kidney disease30, so it becomes even more
important to understand the association between breast cancer
incidence and development of diabetes, as we have investigated
in the present study. Although breast cancer incidence is sur-
prisingly similar between Asian and Western women32, Asian
women with breast cancer are younger in comparison with
women in Western countries, and diabetes mellitus was also
associated with a shorter survival time after a diagnosis of
breast cancer in China and Korea33. In China, the age distribu-
tion for breast cancer included one age peak at 45–49 years,
which was unlike the two age peaks shown in Chinese Ameri-
cans, whose age of onset was remarkably younger, which might
be due to environmental influence34. The results of the afore-
mentioned studies further emphasize the need to screen for dia-
betes mellitus regularly among young and middle-aged women
with breast cancer, especially in Asian regions. Although more

Table 3 | Cumulative incidence and Cox regression analysis of type 2 diabetes over time in participants with and without breast cancer

Variable Incidence/1,000 person-years Crude HR (95% CI) Adjusted HR† (95% CI)

Breast cancer No breast cancer Breast cancer vs
no breast cancer

Breast cancer vs
no breast cancer

Year 1 92.6 53.6 1.85 (1.53–2.23)*** 1.70 (1.40–2.05)***
Year 2 67.3 37.0 1.55 (1.31–1.83)*** 1.44 (1.22–1.71)***
Year 3 57.5 31.8 1.44 (1.24–1.68)*** 1.35 (1.16–1.57)**
Year 4 52.9 28.7 1.45 (1.26–1.67)*** 1.36 (1.18–1.57)***
Year 5 49.5 27.2 1.42 (1.24–1.63)*** 1.34 (1.17–1.54)***
Year 6 47.1 26.5 1.39 (1.22–1.59)*** 1.32 (1.15–1.50)***
Year 7 45.4 25.6 1.38 (1.22–1.57)*** 1.31 (1.15–1.49)***
Year 8 44.4 25.2 1.38 (1.22–1.56)*** 1.31 (1.16–1.49)***
Year 9 43.2 24.8 1.37 (1.21–1.54)*** 1.30 (1.15–1.47)***
Year 10 41.9 24.5 1.34 (1.19–1.51)*** 1.27 (1.13–1.44)***
Year 11 41.4 24.3 1.34 (1.19–1.50)*** 1.27 (1.13–1.43)***
Year 12 40.9 24.2 1.33 (1.18–1.49)*** 1.27 (1.12–1.42)**
Year 13 40.5 24.0 1.32 (1.18–1.49)*** 1.26 (1.12–1.42)**
Year 14 40.1 24.0 1.31 (1.17–1.47)*** 1.25 (1.11–1.40)**
Year 15 39.9 24.0 1.31 (1.16–1.47)*** 1.24 (1.11–1.40)**

Censored cases were defined as the follows: (i) recurrence of breast cancer (surgery/chemotherapy/hormone therapy for breast cancer at 1 year
after the index date); (ii) the presence of new cancer or metastasis; (iii) death; and (iv) end of observation (follow up for 1–10 years after the index
date). †Model adjusted for age, income, urbanization, Charlson Comorbidity Index, and history of hyperlipidemia, hypertension, cardiovascular dis-
ease and cerebrovascular disease. CI, confidence interval; HR, hazard ratio. **P < 0.05; ***P < 0.01
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Figure 2 | Adjusted hazard ratio (solid line) and 95% confidence
intervals (dashed line) for the incidence of diabetes, breast cancer
versus no breast cancer, over time. HR, hazard ratio.
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research is required to explain interethnic differences in Asian
and Chinese Han women (as in the present study)31, urgent
and concerted actions are required to raise awareness, facilitate
early diagnosis and encourage preventive strategies to combat
these growing disease burdens. The present study is the first to
raise the important issue of close monitoring and early

diagnosis in patients after new-onset breast cancer diagnosis.
This realization is not only epidemiologically important, but is
also clinically relevant. In contrast, prior meta-analysis already
found that women with breast cancer and pre-existing diabetes
mellitus have an increased risk of mortality. Therefore, as the
associations and outcomes between breast cancer and diabetes
mellitus are recognized to be closely associated and clinically
important, further study of breast cancer data in middle-aged
post-menopausal women newly diagnosed with breast cancer is
essential to fully understand the risk and consequences of dia-
betes mellitus in this population.
Although the present study included a large number of

women with breast cancer and age-matched controls, certain
limitations must be considered when interpreting the results.
As with all population-based studies, cause-and-effect relation-
ships cannot be determined in the present study. In addition,
Lipscombe et al.8 raised the issue that adjuvant chemotherapy
could have a significant impact on the incidence of diabetes,
especially during the first 2 years after diagnosis. We still had
no sufficient information about adjuvant chemotherapy in the
present study after we reviewed the relevant database. The
National Insurance database does not include lifestyle and fam-
ily history, which precluded using it in the analysis. Such infor-
mation might have been a useful addition in our evaluation, as
changes in lifestyle and diet are shown to decrease breast can-
cer risk35, and high physical activity levels can also decrease the
risk of breast and colon cancer, diabetes mellitus, ischemic
heart disease, and ischemic stroke36. The duration of hormone

Table 4 | Cumulative incidence and Cox regression analysis of type 2 diabetes over time in participants with breast cancer stratified by receipt of
hormone therapy

Variable Incidence/1,000 person-years Crude HR (95% CI) Adjusted HR† (95% CI)

Hormonal therapy No hormonal therapy Hormonal therapy vs no hormonal therapy Hormonal therapy vs no hormonal therapy

Year 1 106.2 75.1 1.24 (0.88–1.75) 1.22 (0.86–1.74)
Year 2 89.2 49.9 1.06 (0.77–1.45) 1.05 (0.76–1.45)
Year 3 84.2 41.4 1.05 (0.77–1.42) 1.05 (0.77–1.44)
Year 4 80.5 38.8 1.02 (0.76–1.36) 1.03 (0.76–1.39)
Year 5 79.0 36.3 1.05 (0.79–1.40) 1.08 (0.81–1.45)
Year 6 76.9 34.9 1.04 (0.78–1.37) 1.07 (0.80–1.42)
Year 7 75.4 33.8 1.03 (0.78–1.36) 1.05 (0.79–1.40)
Year 8 73.7 33.6 0.99 (0.75–1.31) 1.01 (0.77–1.34)
Year 9 72.4 33.0 0.98 (0.74–1.28) 1.00 (0.75–1.32)
Year 10 71.7 31.7 0.99 (0.75–1.30) 1.01 (0.77–1.34)
Year 11 70.9 31.6 0.98 (0.74–1.28) 0.99 (0.75–1.30)
Year 12 70.5 31.2 0.99 (0.75–1.29) 1.00 (0.76–1.32)
Year 13 70.3 30.9 1.00 (0.76–1.31) 1.01 (0.77–1.33)
Year 14 70.0 30.5 1.00 (0.76–1.31) 1.01 (0.77–1.33)
Year 15 69.9 30.3 1.00 (0.76–1.31) 1.01 (0.77–1.33)

Censored cases were defined as follows: (i) recurrence of breast cancer (surgery for breast cancer at 1 year after the index date); (ii) the presence of
new cancer or metastasis; (iii) death; and (iv) end of observation (follow up for 1–10 years after the index date). †Model adjusted for age, income,
cancer stage, Charlson Comorbidity Index, and history of hyperlipidemia, hypertension and cardiovascular disease. CI, confidence interval; HR, hazard
ratio.
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Figure 3 | Adjusted hazard ratio (solid line) and 95% confidence
intervals (dashed line) for the incidence of diabetes in the breast cancer
cohort, receipt of hormonal therapy versus non-hormonal therapy, over
time. HR, hazard ratio.
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therapy use was not investigated, nor were we able to analyze
the relationships of specific hormone therapies, as the numbers
of patients using each different therapy were too small and
duration of treatment was too short to allow meaningful analy-
sis. Similarly, we were not able to investigate specific
chemotherapy regimens, including steroid containing medica-
tion. In addition, we did not study breast cancer subtypes; how-
ever, no associations have been shown between different breast
cancer subtypes and diabetes mellitus in postmenopausal
women9. Finally, the cohort in the present study comprised a
majority of women of Chinese Han ancestry, and the results
might not be generalizable to other ethnic groups. Clearly, as
the relationship and outcomes between breast cancer and dia-
betes mellitus are closely related and clinically important12,
additional study of breast cancer data is required to corroborate
the results of the present study and to further evaluate the risk
of diabetes mellitus in middle-aged post-menopausal women
with long life expectancy.
In conclusion, postmenopausal women who develop breast

cancer are at higher risk of developing diabetes mellitus than
women in the same age group who do not have breast cancer.
Women who have received hormonal therapy for breast cancer
did not show a significantly increased risk for developing dia-
betes mellitus in comparison with those who have not received
hormonal therapy. These results suggest that postmenopausal
women with breast cancer should be closely monitored for the
development of diabetes mellitus to establish an early diagnosis
and therapeutic intervention for improving related outcomes.
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