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Summary
Background The number of breast cancer (BC) survivors has increased worldwide, but the landscape of their non-
cancer disease risks remains unclear, especially among Asian women.

Methods In the JMDC claims database, which covers company employees and their family members in Japan,
women aged 18–74 years with and without an incident BC were matched in a 1:4 ratio for age and entry timing to the
database between January 2005 and December 2019. The risks for six cardiovascular diseases (myocardial infarction,
heart failure, atrial fibrillation/flutter, ischaemic stroke, intracranial haemorrhage, and pulmonary embolism) and six
non-cardiovascular diseases (major osteoporotic fractures, other fractures, gastrointestinal bleeding, urinary tract
infection, infectious pneumonia, and anxiety/depression) were compared between the groups.

Findings Comparing 24,017 BC survivors and 96,068 matched women (mean age, 50.5 years, standard deviation, 8.7
years), the incidence rates of heart failure, atrial fibrillation/flutter, and all non-cardiovascular diseases were higher in
the BC survivor group. The highest adjusted hazard ratio (HR) was noted for heart failure (3.99 [95% confidence
interval 2.58–6.16]), followed by gastrointestinal bleeding (3.55 [3.10–4.06]), and anxiety/depression (3.06
[2.86–3.28]). The HRs in the first year were larger than those for 1–10 years for most outcomes, whereas the HRs
for fracture outcomes were larger for 1–10 years.

Interpretation BC survivors in Japan showed an increased risk of many non-cancer diseases compared to women
without BC. Most risks increased more steeply during the first year following diagnosis, whereas the risk of
fractures increased later.
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Research in context

Evidence before this study
The risks of non-cancer diseases among female breast cancer
survivors have been investigated. We searched PubMed on
October 1, 2024, using the search terms (“cancer survivor” OR
“breast cancer”) AND (“cardiovascular” OR “myocardial
infarction” OR “heart failure” OR “arrhythmia” OR “atrial
fibrillation” OR “stroke” OR “intracranial haemorrhage” OR
“pulmonary embolism” OR “fracture” OR “gastrointestinal
bleeding” OR “bleeding” OR “pneumonia” OR “urinary tract
infection” OR “infection” OR “mental” OR “anxiety” OR
“depression”), without restricting language or the start and
end dates of the search, and conducted manual searches of
reference lists from previous studies. We identified 34 studies
that compared individuals with breast cancer to matched
individuals without breast cancer (Appendix pp 1–9). We
found that most studies on cardiovascular diseases were
conducted in American or European countries and that there
is a lack of data on other common diseases, such as bleeding
and infections (Appendix p 10).

Added value of this study
In the present matched cohort study in Japan, breast cancer
survivors showed an increased risk for heart failure and atrial
fibrillation/flutter among major cardiovascular diseases, as
well as major non-cardiovascular diseases including major

osteoporotic fractures, other fractures, gastrointestinal
bleeding, infectious pneumonia, urinary tract infections, and
anxiety/depression. This study also found that the risk of
most outcomes is more likely to increase during the first year,
while the risk of fractures tends to rise later. To the best of
our knowledge, this is the first large-scale study from Asia
that investigated the risk of individual cardiovascular diseases
in breast cancer survivors compared with the general
population. Moreover, this is the first study to show that
breast cancer survivors have a higher risk of developing
bleeding and infections.

Implications of all the available evidence
Breast cancer survivors, regardless of race or ethnicity, are at
risk for a variety of non-cancer diseases, including both
cardiovascular and non-cardiovascular diseases. For breast
cancer survivors to live longer with a maintained quality of
life, it is important for healthcare providers and patients to
understand the risks of non-cancer diseases according to
follow-up time (e.g., heart failure and anxiety/depression
during the first year and fractures later) and to link them to
screening (e.g., regular assessment of blood cholesterol,
cardiac function, and bone density), prevention, and early
treatment (e.g., statins, bisphosphonates, and counselling for
anxiety/depression).
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Introduction
In 2020, breast cancer (BC) was the leading cause of
cancer among women worldwide, with the highest
incidence in most countries.1 Early detection and ad-
vancements in treatment strategies have increased sur-
vival rates for many patients with BC. For example, in
the most recent data from Japan, the 5-year all-cause
survival rates are 95.2% and 90.9% for patients with
stage I and stage II, respectively.2

Accordingly, general health among BC survivors has
become an increasing concern. As summarised in
Appendix pp 1–9, American and European studies have
suggested that BC survivors have an increased risk of
several non-cancer diseases, such as heart failure and
fractures.3–6 However, it remains controversial whether
the risk of other diseases, such as myocardial infarction
and stroke, also increases in BC survivors.3,4

Moreover, several questions remain unanswered.
First, the aforementioned studies were conducted in
American or European countries and included only a
limited number of individuals of Asian descent
(Appendix p 10). Therefore, it remains unknown
whether the risks of cardiovascular diseases are similarly
heightened in Asian BC survivors. Second, regardless of
ethnicity, there has been almost no data available on
bleeding and infections comparing BC survivors with
non-BC women, even though these are important dis-
eases that require treatment and can sometimes be
life-threatening. Third, only a small fraction of previous
studies has considered BC treatment in their analyses,
although the risks of individual cardiovascular and non-
cardiovascular diseases may differ among patients
receiving different treatment regimens.

To address these significant knowledge gaps, this
study sought to investigate the risk of 12 major non-
cancer diseases among BC survivors in comparison to
age-matched women. The diseases examined include six
cardiovascular conditions (myocardial infarction, heart
failure, atrial fibrillation/flutter, ischaemic stroke,
intracranial haemorrhage, and pulmonary embolism)
and six non-cardiovascular conditions (major osteopo-
rotic fractures, other fractures, gastrointestinal bleeding,
infectious pneumonia, urinary tract infections, and
anxiety/depression). This analysis utilised a large,
population-based claims database from Japan.
Methods
Study design
We conducted a matched cohort study using data from
the JMDC claims database from January 2005 to
June 2022.

Data source
JMDC Inc. (Japan Medical Data Center Co. until 2018)
has obtained individual medical claims and annual
www.thelancet.com Vol 56 March, 2025
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health checkup data from participating associations within
the Japanese Health Insurance Societies for employee in-
surance, which cover companies with ≥700 regular em-
ployees or groups of companies totalling ≥3000 regular
employees, as well as their dependants.7 In Japan, most
people retire before the age of 65 years, and everyone aged
≥75 years is required to withdraw from employee insur-
ance and join the long life medical care system.8 Therefore,
the JMDC database mostly comprises details of people
aged <65 years, with an upper limit of 74 years. To date,
several clinical and health-service studies have been con-
ducted using the JMDC database.9–11 Since 2005, the
number of participating health insurance associations, and
therefore the number of insured individuals in the JMDC
database, has consistently increased, reaching a cumulative
total of >14 million people when we obtained the studied
data at the end of 2022. In addition to demographics and
eligibility information, the JMDC database includes
monthly data on inpatient and outpatient diagnoses
recorded based on the International Classification of Dis-
eases and Related Health Problems, 10th Revision (ICD-
10) codes, prescribed and dispensed medications (in both
hospitals and clinics) coded using the World Health
Organisation Anatomical Therapeutic Chemical classifica-
tions,12 European Pharmaceutical Market Research Asso-
ciation codes, and procedures such as surgery, using
original Japanese codes.

This study was approved by the Ethics Committee of
the University of Tsukuba, Ibaraki, Japan (approval
number 1839). The requirement for consent from in-
dividual participants was waived because the data were
anonymised.

Study participants
The exposed group, or BC survivors, included women
with incident BC, defined as a new diagnosis of BC
(ICD-10 C50) between database inception (January
2005) and December 2019, who also received BC sur-
gery (Japanese original procedure codes K476.1-K476.9)
within 1 year of diagnosis. We selected December 2019
because the COVID-19 pandemic could have delayed BC
diagnosis after January 2020 in Japan and led to
misclassification of BC status. To ensure that the BC
diagnosis was new, we excluded patients with possibly
prevalent BC, defined as a diagnosis within 3 months of
entering the JMDC database. We also excluded patients
indicating metastatic BC, recurrent BC, sarcoma, or
malignant phyllodes tumours using the Japanese orig-
inal diagnosis codes, as they have different clinical
courses from primary BC survivors. Moreover, we
excluded patients with BC whose diagnosis and JMDC
withdrawal occurred in the same month because their
follow-up lengths were almost non-existent. The month
of the first BC diagnosis was referred to as the ‘index
month’ to indicate the start of follow-up.

For each BC survivor, we randomly selected four
women with no history of BC at the index month, with
www.thelancet.com Vol 56 March, 2025
the same age (±1 year) and the same timing (year and
month) of entry to the JMDC database to ensure the
same lengths of covariate definitions between the
groups. The sampling was conducted without replace-
ment, meaning that a woman could be selected for the
matched cohort only one time.

Outcomes
We pre-defined algorithms to define the 12 outcomes,
using ICD-10 codes; hospitalisation; medical proced-
ures, such as surgery, ablation, and orthopaedic cast;
and medication (Appendix pp 11–13) in reference to
previous studies using the JMDC databases and valida-
tion studies using Japanese claims data.13 We examined
six major cardiovascular diseases, including myocardial
infarction (inpatient diagnosis and cardiac catheter or
coronary artery bypass grafting), heart failure (inpatient
diagnosis and cardiac echocardiography and diuretics or
inotropic drugs), atrial fibrillation/atrial flutter (inpa-
tient/outpatient diagnosis and catheter ablation or maze
operation or antiarrhythmic drugs or anticoagulants),
ischaemic stroke (inpatient diagnosis and catheter or
surgical thrombus retrieval or thrombectomy or specific
antithrombotic drugs including tissue plasminogen
activator, antiplatelet drugs, or specific anticoagulants),
intracranial haemorrhage (inpatient diagnosis and spe-
cific surgery or antihypertensive or specific nitrate
drugs), and pulmonary embolism (inpatient diagnosis
and pulmonary embolectomy or inferior vena cava filter
placement or specific antithrombotic drugs) and six
major non-cardiovascular diseases including major
osteoporotic fractures (thoracolumbar and pelvic frac-
tures, proximal humerus fractures, distal radius frac-
tures, and femoral neck fractures; inpatient/outpatient
diagnosis and orthopaedic surgery or orthopaedic pro-
cedures or orthopaedic cast), other fractures (all frac-
tures except for major osteoporotic fractures; inpatient/
outpatient diagnosis and orthopaedic surgery or ortho-
paedic procedures or orthopaedic cast), gastrointestinal
bleeding (inpatient/outpatient diagnosis and endoscopic
procedure), infectious pneumonia (inpatient/outpatient
diagnosis and antibiotics or antifungal drug or anti-
mycobacterial drugs or antiviral drugs), urinary tract
infection (inpatient/outpatient diagnosis and antibiotics
or antifungal drugs), and anxiety/depression (inpatient/
outpatient diagnosis and antianxiety drugs or antide-
pressants). Anxiety and depression were grouped
together as they are often recorded together or mis-
classified for reimbursement purposes in the Japanese
claims system.

Covariates
Potential confounding factors between BC status and
the studied outcomes included body mass index (BMI)
(classified as <18.5 kg/m2, 18.5–24.9 kg/m2,
25.0–29.9 kg/m2, or ≥30.0 kg/m2), smoking history
(non-smoker/ex-smoker or current smoker), drinking
3
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habits (none, sometimes, or every day), and common
lifestyle-associated diseases, including hypertension,
diabetes, and dyslipidaemia. In both groups, informa-
tion on BMI, smoking history, and drinking habits was
obtained from the most recent annual health checkup
data at or before the index month. Hypertension, dia-
betes, and dyslipidaemia were defined based on any
history of prescriptions for these conditions from JMDC
enrolment to the index month. Additionally, for fracture
outcomes, we included patients treated for osteoporosis
based on any history of prescriptions for osteoporosis
before the index month.

Statistical analysis
We first summarised the baseline characteristics in each
group and compared these between the groups using
chi-squared tests for BMI, smoking status, drinking
habits, comorbidities, and previous histories of each
outcome. Yates’ continuity correction was applied to
estimate p-values for binary variables.

Subsequently, we calculated the crude incidence rate
for each outcome in each group and the crude differ-
ence and ratio between the groups. For each outcome,
both groups were followed-up from the index month to
the earliest incidence of that outcome, withdrawal from
the JMDC database (which suggests that the patient lost
insurance due to death or ceasing to be an employee, or
that the health insurance association no longer
contributed to the JMDC database), June 2022, or 10
years from the index month. Additionally, if an indi-
vidual in the matched cohort group was subsequently
diagnosed with BC, she was censored in the month of
the BC diagnosis because she would be included in the
BC survivor group from that point forward.

For each outcome, patients with a record of that
outcome in the same month as the index month or
earlier (since entry into the database) were considered to
have a past medical history and were excluded from that
analysis. The mean look-back period was 3.90 years (SD
3.03 years) in both groups, because the index month and
the timing of entry into the database were the same
between matched women with and without BC. We
plotted Kaplan–Meier survival curves for each outcome.

We then estimated adjusted hazard ratios (HRs) us-
ing stratified Cox regression models to account for the
matching: model 1, without additional adjustment;
model 2, adjusted for hypertension, diabetes, and dys-
lipidaemia, in addition to osteoporosis for major osteo-
porotic fractures and other fracture outcomes; model 3,
further adjusted for BMI, smoking history, and drinking
habits as a complete case analysis; and model 4, with
multiple imputation for BMI, smoking history, and
drinking habits. For multiple imputation, we used a
chained equation method and created 50 filled-in com-
plete data sets, using information from other variables
(i.e., exposure status, hypertension, diabetes, dyslipi-
daemia, osteoporosis [only in the analysis of major
osteoporotic fractures and other fractures], and outcome
status in each analysis).14

In a sensitivity analysis, both groups were followed-
up from the month of the first BC surgery (and the
same month for the matched women without BC),
instead of the index month (month of first BC diag-
nosis) in the main analysis. In another sensitivity anal-
ysis, people with a look-back period <1 year (14.3% in
both groups) were excluded from the analysis, because
their past medical history might not have been suffi-
ciently captured. As a subgroup analysis, we stratified
patients by insurance status (women insured herself or
women who are a dependent family member of an
insured person), because their follow-up and/or
censoring patterns may be different.

Further, after observing the Kaplan–Meier survival
curves and corresponding log–log survival plots (i.e., log
[−log S(t)] against t), we decided to estimate and report
the incidence rates and HRs separately for <1 year and
1–10 years. This was because several outcomes showed
evidently different trends between these two periods,
consistent with the fact that most multidisciplinary
treatments for BC (e.g., chemotherapy), except for hor-
mone treatment, are completed within 1 year of diag-
nosis. In a post hoc analysis, we plotted the spline
curves for the (crude) HR as a function of time since
diagnosis, using flexible parametric models.15,16

For additional analyses, we estimated adjusted HRs
by treatment regimens during the first year following
the index month, contingent upon having a sufficient
outcome number. We categorised patients with BC into
four chemotherapy groups: anthracycline, taxane,
anthracycline and taxane, and no anthracycline or taxane
(for heart failure outcomes, we utilised human
epidermal growth factor receptor 2 [HER2]-targeted
therapy in place of taxane). Similarly, by hormone
therapy, patients with BC were divided into three
groups: tamoxifen, aromatase inhibitors, and neither
tamoxifen nor aromatase inhibitors. Patients receiving
both tamoxifen and aromatase inhibitors (n = 348) were
excluded from this analysis because of the small sample
size and because these drugs may have opposite effects
for some outcomes (e.g., bone protective effects of
tamoxifen and decreases in bone density with aromatase
inhibitors). Patients experiencing any event of interest
or loss to follow-up within the first year were also
excluded. For this analysis, we employed simple Cox
regression rather than stratified Cox regression to
compare BC patients receiving each treatment with non-
BC women, adjusting for age, year of diagnosis,
comorbidities (including osteoporosis for fracture out-
comes), axillary dissection, radiotherapy, as well as the
administration of anthracyclines and taxanes (using
HER2-targeted therapy instead of taxanes for heart fail-
ure) when analysed by hormone therapy, and tamoxifen
and aromatase inhibitors when analysed by
chemotherapy.
www.thelancet.com Vol 56 March, 2025
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All analyses were performed using STATA version
15.1 (Stata Corp, College Station, TX, USA).

Role of the funding source
We received competitive research funding from the
Pfizer Health Research Foundation in Japan (https://
www.health-research.or.jp/). The funder had no role in
the study design, data collection, analysis, or
interpretation.
Results
Between January 2005 and December 2019, we included
a total of 24,017 BC survivors (mean age 50.5 years,
standard deviation [SD] 8.7 years) and 96,068 women
with no history of BC (mean age 50.5 years, SD 8.7
years), of whom 822 were later diagnosed with BC and
therefore censored (Fig. 1). Table 1 presents the baseline
characteristics of the groups. BC survivors showed a
higher prevalence of hypertension and dyslipidaemia, as
well as a greater number of previous outcomes (heart
failure, major osteoporotic fractures, other fractures,
gastrointestinal bleeding, infectious pneumonia, urinary
tract infection, and anxiety/depression) compared to the
matched cohort group. The treatment details of the BC
7,252,820 women in the JMDC database since the incep

85,220 women with a record of breast cancer diagnosis 
between January 2005 and December 2019

85,212 women aged ≥18 years

24,392 women who have received breast cancer 
surgery within 1 year after diagnosis

32,848 women newly diagnosed with breast cancer 
>3 months after enrolment in the database

32,618 women who have not been diagnosed with 
recurrent or metastatic breast cancer

24,017 matched women with breast cancer

1:4 ratio for the timing of follow-up start,

24,373 women who did not withdraw from insurance at 
the same time as the diagnosis of breast cancer

Fig. 1: Flow chart of matched cohort of women with and without b
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survivors during the first year are presented in Appendix
p 14, suggesting a broadly similar distribution to that of
the National Clinical Database-Breast Cancer Registry of
Japan.17 The higher proportion of patients receiving
chemotherapy in our study (23.9%) than the national
data (15.2%–18.2%) may be due to the younger partici-
pant age in our study.

The mean follow-up period (maximum 10 years), if
not censored for each outcome, was 3.25 years (SD, 2.46
years) in BC survivors and 3.22 years (SD, 2.48 years) in
the matched cohort group. Table 2 shows the crude
incidence rate for each outcome in each group, along
with the differences and ratios between the groups. The
incidence rates of heart failure, atrial fibrillation/flutter,
and all non-cardiovascular diseases were higher in the
BC survivors than in the matched cohort group, with the
lower limit of the 95% confidence interval (CI) for their
difference exceeding 0. The highest adjusted HR in the
last model (model 4) was noted for heart failure (3.99,
95% CI 2.58–6.16), followed by gastrointestinal bleeding
(3.55, 95% CI 3.10–4.06) and anxiety/depression (3.06,
95% CI 2.86–3.28).

Fig. 2 shows the Kaplan–Meier curves of the cumu-
lative incidence for each outcome, while Appendix pp 15
and 16 presents the corresponding log–log survival
tion of the database in January 2005 to June 2022

96,068 matched women without breast cancer 

 age, and entry timing to the database 

reast cancer.
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Patients with
breast cancer
N = 24,017

Women without
breast cancer
N = 96,068

P-value

Age of follow-up start (years), mean (SD) 50.5 (8.7) 50.5 (8.7) NA

Age of entry to the JMDC database (years), mean
(SD)

46.6 (9.1) 46.6 (9.1) NA

Body mass index, n (%) <0.0001

Underweight (<18.5 kg/m2) 2044 (8.5) 8118 (8.5)

Normal weight (18.5–24.9 kg/m2) 11,813 (49.2) 42,638 (44.4)

Overweight (25–29.9 kg/m2) 2532 (10.5) 8901 (9.3)

Obese (≥30 kg/m2) 699 (2.9) 2742 (2.9)

Missing 6929 (28.9) 33,669 (35.1)

Smoking status, n (%) <0.0001

Non-smoker/ex-smoker 15,262 (63.6) 54,972 (57.2)

Current smoker 1625 (6.8) 6727 (7.0)

Missing 7130 (29.7) 34,369 (35.8)

Drinking habits, n (%) <0.0001

None 8793 (36.6) 33,411 (34.8)

Sometimes 5078 (21.1) 17,893 (18.6)

Every day 2406 (10.0) 7901 (8.2)

Missing 7740 (32.2) 36,863 (38.4)

Comorbidities, n (%)

Diabetes 786 (3.3) 2933 (3.1) 0.083

Dyslipidaemia 2876 (12.0) 10,663 (11.1) <0.0001

Hypertension 3157 (13.1) 11,539 (12.0) 0.0001

Osteoporosis 669 (2.8) 3038 (3.2) <0.0001

Past medical history, n (%)

Myocardial infarction 6 (0.02) 9 (0.01) 0.11

Heart failure 28 (0.12) 69 (0.07) 0.040

Atrial fibrillation/flutter 79 (0.33) 277 (0.29) 0.33

Ischaemic stroke 18 (0.07) 125 (0.13) 0.035

Intracranial haemorrhage 14 (0.06) 86 (0.09) 0.17

Pulmonary embolism 11 (0.05) 24 (0.02) 0.14

Major osteoporotic fractures 175 (0.73) 530 (0.55) 0.0016

Other fractures 630 (2.6) 1626 (1.7) <0.0001

Gastrointestinal bleeding 341 (1.4) 652 (0.68) <0.0001

Infectious pneumonia 755 (3.1) 2680 (2.8) 0.0035

Urinary tract infection 2900 (12.1) 10,612 (11.1) <0.0001

Anxiety/depression 1760 (7.3) 5777 (6.0) <0.0001

SD = standard deviation, NA = not applicable.

Table 1: Baseline characteristics of matched women with and without breast cancer.
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plots. The incidences of all outcomes in the matched
cohort group consistently increased over time. In
contrast, the incidences of some outcomes, such as in-
fectious pneumonia and anxiety/depression, increased
more steeply during the first year of follow-up, whereas
the incidence of major osteoporotic fractures and other
fractures increased more steeply later in the follow-up
period.

Results of the sensitivity analysis starting the follow-
up from the month of the first BC surgery (and the same
month for the matched women without BC) were very
similar to those in the main analysis (Appendix pp 17
and 18). The results of another sensitivity analysis
excluding people with a look-back period of <1 year
(14.3% in both groups) were similar to those of the main
analysis (Appendix pp 19 and 20). The proportions of
women who were insured herself (vs. women who are a
dependent family member of an insured person) were
40.7% (9774/24,017) in the BC survivor group and
39.5% (37,954/96,068) in the matched comparison
group. In the analysis stratified by insurance status, the
results were similar between the two subgroups
(Appendix pp 21–24).

Appendix pp 25–28 presents the results of survival
analysis separately for <1 year and 1–10 years. The
adjusted HRs in the last model (model 4), excluding
those for myocardial infarction and pulmonary embo-
lism (which could not be obtained because of the small
number of outcomes), are summarised graphically in
Fig. 3. The HRs for <1 year were larger than those for
1–10 years from the BC diagnosis for most outcomes,
especially anxiety/depression (<1 year 5.98 [95% CI
5.43–6.60], and 1–10 years 1.48 [95% CI 1.34–1.63]).
However, the HR was larger for 1–10 years than for <1
year for major osteoporotic fractures (<1 year 1.30 [95%
CI 0.92–1.83], and 1–10 years 1.78 [95% CI 1.46–2.15])
and other fractures (<1 year 1.28 [95% CI 1.05–1.56],
and 1–10 years 2.06 [95% CI 1.84–2.32]). Appendix pp
29 and 30 presents the spline curves for the (crude)
HR as a function of time since diagnosis.

The additional analysis by treatment regimens was
conducted for heart failure, atrial fibrillation/flutter, and
all non-cardiovascular diseases, which showed a suffi-
cient number of outcomes (Appendix pp 31–38). For
chemotherapy, the point estimates of adjusted HRs for
major osteoporotic fractures, other fractures, gastroin-
testinal bleeding, infectious pneumonia, and anxiety/
depression in the anthracycline and taxane group, as
well as that for heart failure in the anthracycline and
HER2-targeted therapy group, were higher than in the
other groups, although their 95% CIs were overlapping.
For hormone therapy, the point estimates of adjusted
HRs for major osteoporotic fractures and gastrointes-
tinal bleeding were higher in the aromatase inhibitor
group than in the other groups, although their 95% CIs
were overlapping.
Discussion
Using a large Japanese claims database that includes
over 24,000 women with BC, we illustrated the land-
scape of non-cancer risks among Japanese female BC
survivors compared with the general population of
women of the same age. Japanese BC survivors showed
an increased risk of heart failure, atrial fibrillation/
flutter, major osteoporotic fractures, other fractures,
gastrointestinal bleeding, infectious pneumonia, urinary
tract infections, and anxiety/depression compared to
women without BC. The HRs at less than 1 year were
higher than those at 1–10 years of follow-up for most
www.thelancet.com Vol 56 March, 2025
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outcomes, especially anxiety/depression. However, the
opposite trend was observed for fractures. We also
found that the risk of certain outcomes could differ ac-
cording to various treatment regimens for BC, although
the analysis appeared to be underpowered even with this
large database.

Previous American and European studies have sug-
gested that the overall risk of cardiovascular diseases
among patients with BC is high18; however, there is both
agreement (e.g., heart failure) and controversy (e.g.,
stroke) regarding the risk associated with each type of
cardiovascular disease. Consistent with previous
studies, BC survivors in Japan were more likely to
develop heart failure than age-matched women without
BC, with even higher ratios than those reported in
American and European studies.3,4,19–21 Although previ-
ous studies showed differing risks for other cardiovas-
cular diseases,3,4,19–23 our study indicated a higher risk for
atrial fibrillation/atrial flutter but no strong evidence for
higher risk for myocardial infarction, ischaemic stroke,
intracranial haemorrhage, or pulmonary embolism.
Differences in results between studies may be attribut-
able to variations in the age distributions of the study
populations, the baseline risk of each outcome by
country or ethnicity, and the stage of BC at detection.
The overall study population was younger (mean age of
50.5 years) than most previous studies (Appendix pp
1–9), mainly because the database does not include in-
dividuals aged 75 years and older, all of whom are
covered by the long life medical care system in Japan. It
is possible that the Japanese in this population were less
likely to experience cardiovascular events than in-
dividuals of similar age in other countries.

BC and cardiovascular diseases have several over-
lapping risk factors.24,25 Although cardiovascular dis-
eases can be identified early, effectively managed, and in
many cases prevented,26 cardiovascular disease
screening and management do not typically feature in
routine long-term BC care.27 It is important to ensure
that regular checks for treatment-specific adverse events
are performed (e.g., echocardiography to evaluate car-
diac function in patients treated with anthracycline or
HER2-targeted treatments) and that patients are
encouraged to undergo medical screening (e.g., elec-
trocardiogram or measurement of blood pressure),
which is not usually performed routinely as part of BC
care. Prevention and early treatment (e.g., statins,
angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers) are also possible.

Many studies have indicated that BC survivors have
more osteoporotic fractures, both pre-and post-meno-
pausal (Appendix pp 1–9). Osteoporosis due to aroma-
tase inhibitors and chemotherapy-induced ovarian
failure is an important risk factor for fractures in BC
survivors.28,29 Although the participants in this study
were relatively young, the risk for both osteoporotic and
other fractures was higher among BC survivors, which
www.thelancet.com Vol 56 March, 2025 7
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Fig. 2: Kaplan–Meier curves of the cumulative incidence among women with and without breast cancer for each outcome. BC = breast
cancer.
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is consistent with results from previous large
population-based studies. It is important to consider
whether bone density tests are performed regularly on
those at higher risk (e.g., due to aromatase inhibitors or
early menopause from chemotherapy) and whether pa-
tients with reduced bone density receive appropriate
treatment, such as bisphosphonates and parathyroid
hormone. Moreover, it has been reported that osteopo-
rotic fractures in BC patients are not solely due to
decreased bone density,30 and it is important for
physicians not only to check bone density but also to
encourage patients to quit smoking, eat a healthy diet,
and adopt exercise habits, while informing them of their
fracture risk to prevent osteoporotic fractures. For other
fractures (e.g., rib fractures), as with osteoporotic frac-
tures, it might be important to assess bone density,
educate patients, and inform them of their fracture risk.

BC survivors have higher risks of mental health
diseases, such as depression, anxiety, and stress-related
disorders than non-BC women,31 and these risks are
www.thelancet.com Vol 56 March, 2025
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Fig. 3: Adjusted hazard ratios between women with and without breast cancer for each outcome during <1 year and 1–10 years from the
index month. CI = confidence interval, BMI = body mass index. Note: The adjusted hazard ratios (95% CIs) are from the last model (model 4)
adjusted for hypertension, diabetes, dyslipidaemia, osteoporosis (only for the fracture outcome), BMI, smoking history, and drinking habits,
with multiple imputation for BMI, smoking history, and drinking habits (Appendix pp 25–28).
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highest from diagnosis to approximately 1 year after
diagnosis.5,32,33 Treatment with chemotherapy is also
known to be a risk factor for mental health diseases.5,32

In our study, BC survivors had a higher risk of anxi-
ety/depression than non-BC women, with the highest
HR occurring within 1 year of diagnosis. One year after
diagnosis, the HR (for the first incidence of anxiety/
depression in the database) declined but remained
higher than that of non-BC women. It is important for
healthcare providers to keep in mind that BC patients
are at high risk for anxiety or depression, even 1 year
after treatment, and to consider psychosocial in-
terventions as needed.

To the best of our knowledge, this is the first study to
demonstrate that patients with BC have a higher risk of
developing gastrointestinal bleeding and infections.
Notably, the risk was high not only within the first year
after the diagnosis of BC when treatment was intensive
(e.g., chemotherapy) but also beyond 1 year. The
increased risks of infections may suggest that BC sur-
vivors have decreased immunity associated with BC
and/or side effects of BC treatments. Possible mecha-
nisms for increased gastrointestinal bleeding include
stress from BC, damage to the vessel wall due to side
effects of BC treatment, the use of pain medications
www.thelancet.com Vol 56 March, 2025
such as non-steroidal anti-inflammatory drugs,
increased use of antiplatelet drugs such as aspirin for
cardiovascular disease, and side effects of antidepres-
sants such as selective serotonin reuptake inhibitors.34

This study had certain limitations. First, since the
JMDC database mainly includes individuals aged <65
years (up to 74 years), the generalisability of our results
to older individuals remains uncertain. We speculate
that the absolute risk of each outcome would be higher
in older BC survivors, while the relative risks (HRs)
between those with and without BC could be lower in
the older population, as non-BC women also experience
various age-related diseases. Second, surveillance or
ascertainment bias (i.e., patients with BC have more
contact with the healthcare system and are therefore
more likely to be identified as having certain diseases
than those without BC) could partly explain the high
HRs. However, most of the studied outcomes cause
symptoms such as pain, negatively affect quality of life, or
are life-threatening. Therefore, we expect that both
insured women with and without BC would visit hospi-
tals or clinics similarly if they had the condition, unlike
asymptomatic diseases identified through examinations
(e.g., liver and kidney diseases). Third, in terms of the
possibility of misclassification of exposure status, we
9

http://www.thelancet.com


Articles

10
defined BC cases based not only on diagnosis codes but
also procedure codes for surgery (which must be accurate
for reimbursement purposes). In addition, we excluded
cases with diagnoses of metastatic or recurrent BC.
Therefore, it is very unlikely that the exposure group
included unexposed cases, whereas the unexposed group
possibly included women with undiagnosed BC. If this
was the case, this would dilute the observed associations
towards the null, meaning that the true associations be-
tween the two groups would be even larger. Fourth, in-
formation regarding the BC stage was unavailable, which
may have influenced some outcomes, such as anxiety/
depression. Instead of the BC stage, we conducted addi-
tional analyses based on treatment regimens (chemo-
therapy and hormone therapy), which are expected to
correlate with the BC stage and can serve as proxies.
Fifth, this study focused on curable primary BC, and
cases with recurrence or metastatic BC (suggesting stage
IV) at the time of diagnosis were excluded. The life ex-
pectancy of patients with stage IV BC seems to be
improving, and studies focussing on this patient group
may be needed in the future. Sixth, there may be un-
measured or residual confounding factors, such as
deprivation, diet, and exercise. Finally, this study focused
on the presentation of overall and period-specific (<1 year
and 1–10 years) HRs over several years of follow-up.
These should be interpreted with caution, because if
HRs vary over the follow-up period, as suggested by our
supplementary analyses using flexible parametric
models, the results may be sensitive to the duration of
follow-up in the study.35 In addition, the latter period-
specific HRs may suffer from “built-in survivor bias”.35

Conclusions
In this large claims database, female BC survivors in
Japan had increased risks of heart failure, atrial fibril-
lation/atrial flutter, and non-cardiovascular diseases
(major osteoporotic fractures, other fractures, gastroin-
testinal bleeding, infectious pneumonia, urinary tract
infection, and anxiety/depression) compared with the
general population of women of the same age. We
found that the risk of most diseases increased during
the first year after the BC diagnosis, while the risk of
fractures increased later during the follow-up. It is
important for healthcare providers and patients to un-
derstand the risks of these diseases and link them to
screening, prevention, and early treatment.
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