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ABSTRACT

Introduction Women are generally perceived to have a
lower risk of cardiovascular events than men, despite a
lack of data, particularly among patients with diabetes.
Here, we investigated gender differences in the risk of
heart failure (HF) events in patients with type 2 diabetes
and coronary artery disease (CAD). We also assessed
the association between cardiovascular risk factor
management and HF events.
Research design and methods This retrospective
registry study enrolled consecutive patients with both type
2 diabetes and CAD, based on angiography records and
medical charts at 70 teaching hospitals in Japan, from
January 2005 to December 2015.
Results The registry included 7785 patients with a
mean follow-up period of 1328 days. The mean age of
the patients was 67.6 years. The risk of hospitalization
for HF in patients with both type 2 diabetes and CAD
was significantly higher among women than among
men (HR, 1.26, 95% CI 1.06 to 1.50). The relationship
between HF risk and achieved low-density lipoprotein
cholesterol (LDL-c) and systolic blood pressure, but not
hemoglobin A1c, differed between women and men, with
statistically significant interactions (p=0.009 and p=0.043,
respectively).
Conclusions Women with type 2 diabetes and CAD
have a higher risk of HF than men. A significant gender
interaction was observed in the association between HF
risk and risk factor management, particularly regarding
LDL-c and systolic blood pressure. The effectiveness of
risk factor management may differ between men and
women regarding HF prevention among patients with type
2 diabetes and CAD.

INTRODUCTION
The incidence of myocardial infarction (MI)
and mortality due to coronary artery disease
(CAD) is lower in women than in men, which

Significance of this study
What is already known about this subject?
► Women without diabetes have fewer cardiovascular

events than men of the same age without diabetes,
but this advantage appears to be lost in the context
of type 2 diabetes.
► Particularly, the Framingham study showed higher
incidence of heart failure in women than in men
aged >55 years among patients with diabetes and
prior coronary or rheumatic heart disease.

What are the new findings?
► Under the current evidence-based optimized medi-

cal therapy and coronary intervention, women with
type 2 diabetes and established coronary artery disease have a higher risk of heart failure than men.
► A significant gender interaction was observed in the
association between heart failure risk and risk factor management, particularly regarding low-density
lipoprotein cholesterol and systolic blood pressure.

How might these results change the focus of
research or clinical practice?
► A strategy for risk reduction of heart failure specifi-

cally for women with type 2 diabetes and coronary
artery disease should be established.

is a common phenomenon worldwide.1 2
However, this may not be true for patients with
type 2 diabetes. Although women without
diabetes certainly have fewer cardiovascular
(CV) events than men of the same age without
diabetes, this advantage appears to be lost in
the context of type 2 diabetes.3–5 In a Finnish
cohort, Juutilainen et al5 showed a marked
male excess CAD risk among individuals
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Women with type 2 diabetes and
coronary artery disease have a higher
risk of heart failure than men, with a
significant gender interaction between
heart failure risk and risk factor
management: a retrospective
registry study

Cardiovascular and metabolic risk

METHODS
Study design and setting
This retrospective registry study enrolled consecutive
patients with type 2 diabetes and CAD, based on the evaluation of coronary artery angiography (CAG) records
and medical charts by trained clinical research coordinators at 70 teaching hospitals in Japan, from January 1,
2005 to December 31, 2015.
Patients
The following patients were included in this study: those
aged >20 years with type 2 diabetes and established CAD.
Type 2 diabetes was diagnosed according to the Japanese
Diabetes Care Guidelines 2016,10 that is, a fasting plasma
glucose level of ≥126 mg/dL and a plasma glucose level
of ≥200 mg/dL at any sampling point, or ≥200 mg/dL at
2 hours after a 75 g oral glucose tolerance test, with glycosylated hemoglobin A1c (HbA1c) ≥6.5%. Before enrollment, participants diagnosed as having type 2 diabetes
were included when their medical history and medication were consistent with the diagnosis.
CAD was defined as at least 75% stenosis in at least one
branch of the coronary artery, a history of an acute coronary syndrome (ACS) as defined by the 2003 guidelines
of the American Heart Association11 and the Japanese
Circulation Society,12 percutaneous coronary intervention (PCI), or coronary artery bypass grafting (CABG)
before enrollment. Patients with malignant neoplasms
with a disease-free period of <3 years were excluded.
2

Data collection and variables
The date of registration was the date of CAG or the date
of outpatient visit within 3–6 months after CAG for ACS.
Data at registration included age, gender, height, weight,
blood pressure, heart rate, medical history, treatment
history, laboratory information, concomitant medications
(such as diabetic, antihypertensive, antiplatelet, hyperlipidemic, and diuretic drugs), and smoking status as a lifestyle. Follow-up involved the collection of data on blood
pressure, heart rate, laboratory test results, concomitant
medication information, and CV events every 6 months
from the date of enrollment until the death of the patient
or the end of the study.
We used the following three variables to represent risk
factor management during the observation period: averaged systolic blood pressure (SBP), low-density lipoprotein cholesterol (LDL-c), and HbA1c.
Outcome measures
Hospitalization for HF was defined as hospitalization for
worsening HF requiring intravenous treatments, such
as diuretics or vasodilators. HF in our study was principally diagnosed according to the diagnostic criteria of
the Framingham Heart Study13 and based on information on medical records, that is, response to treatments
with diuretics and vasodilators. HF events were reported
to the study office and subsequently adjudicated by the
event evaluation committee.14
Statistical analyses
Continuous variables measured at registration are
expressed as mean±SD unless otherwise indicated. Categorical variables are presented as numbers and percentages. Gender differences in continuous variables were
assessed using Student’s t-test or Wilcoxon rank-sum test.
Differences in categorical variables were assessed using χ2
test or Fisher’s exact test.
The cumulative incidence of hospitalization for HF was
estimated using the Kaplan-Meier method and gender
differences were assessed using the log-rank test. The
number of hospitalizations for HF and person-years at
risk were calculated to estimate gender-specific incidence
per 100 person-years. Cox proportional hazard models
were used to calculate the HR and 95% CI of the risk
of hospitalization for HF in women and men, which was
adjusted for age, HbA1c, SBP, LDL-c, ejection fraction,
estimated glomerular filtration rate (eGFR), body mass
index, smoking status, history of MI, stroke, PCI, CABG,
and malignancy, and use of ACE inhibitor, angiotensin II
receptor blocker, beta-blocker, biguanide, aspirin, statin,
and hemodialysis. The continuous variables among these
covariates were dichotomized according to clinically
meaningful reference or median values. Although we did
not adjust for diabetes duration as a variable in our main
analysis because the diabetes durations obtained from
the memory of patients were considered less accurate,
we conducted sensitivity analysis using diabetes duration
dichotomized according to the median value (8 years)
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without diabetes, whereas among patients with diabetes
the gap between men and women was almost eliminated.
Moreover, the Framingham study showed no gender
difference in CAD risk among patients with diabetes.4
A meta-analysis of 37 cohort studies revealed a greater
excess risk of CAD associated with diabetes in women
than in men.6
Patients with diabetes are reportedly much more
likely to develop heart failure (HF) than individuals
without diabetes.7 8 Notably, this risk has a gender dependence, as first demonstrated in the Framingham Heart
Study.4 9 While the risk of HF was twofold higher in men
with diabetes than in respective individuals without
diabetes, the risk was fivefold higher in women with
diabetes. The underlying reason for the increased risk of
women with diabetes developing HF is not entirely clear.
Therefore, a practical multiple risk factor management
strategy for women to reduce CV events, including HF,
has not been well discussed. Furthermore, few studies
have found possible gender differences in the prognostic
impact of risk factor modification in high-risk patients
with type 2 diabetes.
This study aimed to investigate a possible gender difference in the risk of hospitalization for HF in consecutively
registered patients with type 2 diabetes and CAD and
investigate gender differences in the association between
HF events and CV risk factor management.

Cardiovascular and metabolic risk

RESULTS
Among 46 658 patients who underwent CAG at 70 hospitals, 7896 patients with type 2 diabetes and coronary
artery stenosis were enrolled, of whom 111 were excluded
due to lack of follow-up. The final study population was
7785 patients (28% women), of whom 7454 had significant (>75%) stenosis, 2470 had a history of acute MI,
3503 had a history of PCI, and 875 had a history of CABG
(online supplemental figure 1). The mean follow-
up
period was 1328 days.
Characteristics of patients
The baseline clinical characteristics are shown in table 1.
Women were significantly older, had a long history of
diabetes, had poorer glycemic control, and a higher
prevalence of hypertension than men. Regular smoking
was less prevalent among women than men (p<0.0001)
and fewer women had a history of MI or PCI (p<0.0001).
Both groups received aspirin equally. Women had more
prescriptions for statins (p=0.0003), calcium blockers
(p<0.0001), angiotensin receptor blockers (p=0.001),
insulin (p<0.0001), and diuretics (p=0.0058). Men
had more prescriptions for clopidogrel (p=0.02), beta-
blockers (p<0.0001), and ACE inhibitors (p<0.0001).
Incidence of hospitalization for HF
In total, 284 women (13.0 %) and 622 men (11.1 %) were
hospitalized for HF, with incidence rates of 3.70 and 3.12
per 100 patients per year in women and men, respectively (log-rank p=0.016) (figure 1, online supplemental
table 1). The adjusted risk of hospitalization for HF in
women was significantly higher than in men (HR, 1.26
(95% CI 1.06 to 1.50), p=0.008). Although the incidence
BMJ Open Diab Res Care 2022;10:e002707. doi:10.1136/bmjdrc-2021-002707

of HF increased with age in both genders, a higher incidence was found in women than in men aged <65 years
(table 2).
Sensitivity analysis
The incidence of hospitalization for HF and the adjusted
HR for risk, calculated after excluding patients with
either hemodialysis or an eGFR <15 mL/min, are
shown in online supplemental table 2. After excluding
patients with hemodialysis, the risk of hospitalization
for HF was significantly higher in women than in men
(HR, 1.22 (95% CI 1.02 to 1.47), p=0.0324). Furthermore, even after excluding patients with hemodialysis
and an eGFR <15 mL/min, the risk of HF continued to
be significantly higher in women than in men (HR, 1.21
(95% CI 1.00 to 1.46), p=0.0469). In terms of diabetes
history, analysis using diabetes duration as an adjuster
also showed a significantly higher risk of hospitalization
for HF in women than in men (HR, 1.24 (95% CI 1.05 to
1.48), p=0.0138).
Risk factor management and hospitalization for HF
Figure 2 shows the association between stratified SBP
(figure 2A), HbA1c (figure 2B), and LDL-c (figure 2C)
and the risk of hospitalization for HF in women and
men during the observation period. While the relationship between HbA1c and risk was almost identical in men
and women, we found significant interaction p values for
average LDL-c and SBP, showing that women and men
were differently affected by these factors (p=0.009 for
LDL-c and p=0.043 for SBP).
In terms of LDL-c, while a direct linear relationship was
observed in men with LDL-c >80 mg/dL, the relationship
in women was almost constant irrespective of stratified
LDL-c levels. SBP seemed to be inversely correlated with
HF risk in men, but almost constant irrespective of stratified SBP levels in women with an SBP >110 mm Hg.
DISCUSSION
We found that the risk of hospitalization for HF was
significantly higher in women than in men in our cohort
of patients with type 2 diabetes and CAD. This result
is consistent with that of a report by the Framingham
Heart Study,9 which showed that the incidence of HF
was significantly higher in women than in men aged >55
years among patients with diabetes and prior coronary
or rheumatic heart disease. A more recent hospital-
based cohort study in Italy, which included patients with
diabetes without CAD, showed that women with diabetes
of perimenopausal age had a higher risk of HF than
men; however, there was no significant gender difference
in the overall HF risk.15 In contrast to the Framingham
study, our study showed that women aged <55 years had
a higher risk of HF than men. This inconsistency among
study results may be attributable to the extent to which
patients with diabetes have comorbid CAD, the impact of
modern medications, and the practice of PCI; however,
3
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as an adjuster in the Cox proportional hazard model
because these dichotomized variables were more stable.
We also calculated the incidence of HF per 100 person-
years, stratified by age and gender.
To exclude possible confounding effects of renal function on the diagnosis of HF, we constructed the same
multivariable Cox proportional hazard model to estimate
the risk of HF after excluding patients with hemodialysis
or an eGFR <15 mL/min.
Averaged values of SBP, LDL-c, and HbA1c during the
observation period were used as variables representing
risk factor management. We calculated the HR of the risk
of HF of each stratified value, as stratified by the reference value, that is, 6%–7% (42–52 mmol/mol) for HbA1c,
130–140 mm Hg for SBP, and 80–100 mg/dL for LDL-c,
using Cox proportional hazard models with an interaction term between gender and the stratified variables in
each model.
All analyses were performed using JMP V.15.1 (SAS
Institute, Cary, North Carolina, USA) and SAS V.9.4.
For all tests, p values <0.05 were considered statistically
significant.

Cardiovascular and metabolic risk

All
(N=7785)

Men
(n=5596)

Women
(n=2189)

P value

 Age, years

67.6 (±10.7)

66.3 (±10)

71.3 (±9.3)

<0.0001

 Body mass index (kg/m²)

25.3 (±3.97)

25.2 (±3.8)

25.3 (±4.4)

 Current smoker (%)

1674 (21.5)

1488 (26.6)

186 (8.5)

<0.0001

 Ejection fraction (%) <40

650 (9.4)

523 (10.6)

127 (6.4)

<0.0001

 DM year, median (IQR)

8 (2–16)

7 (2–16)

9 (2–17)

0.002

 History of hypertension (%)

6410 (82.0)

4540 (81.1)

1870 (85.4)

<0.0001

 History of MI (%)

2740 (35.2)

2169 (38.8)

571 (26.1)

<0.0001

 History of PCI (%)

3503 (45.0)

2619 (46.8)

884 (40.4)

<0.0001

 History of CABG (%)

875 (11.2)

648 (11.6)

227 (10.4)

0.13

 History of stroke (%)

1306 (16.8)

942 (16.8)

364 (16.6)

0.83

 History of cancer (%)

370 (4.8)

256 (4.6)

114 (5.2)

0.24

 HR (bpm)

76 (±14)

75 (±14)

77 (±13)

<0.0001

 Systolic blood pressure (mm Hg)

134 (±20)

133 (±20)

136 (±21)

<0.0001

 Diastolic blood pressure (mm Hg)

73 (±13)

74 (±13)

71 (±12)

<0.0001

 LDL-c (mg/dL)

104 (±33)

102 (±32)

107 (±35)

<0.0001

 HbA1c, n (%)
 (mmol/mol)

7.3 (±1.3)
56 (±14)

7.2 (±1.3)
55 (±14)

7.3 (±1.3)
56 (±14)

0.0002

 eGFR (mL/min/1.73 m²) <60 without hemodialysis (%)

2795 (40.3)

1871 (37.4)

924 (47.9)

<0.0001

 Statin

4963 (63.8)

3499 (62.5)

1464 (66.9)

0.0003

 Aspirin

6879 (88.4)

4968 (88.8)

1911 (87.3)

0.067

 Ticlopidine

2092 (26.9)

1520 (27.2)

572 (26.1)

0.36

 Clopidogrel

2760 (35.5)

2028 (36.2)

732 (33.4)

0.02

 Cilostazol

471 (6.1)

348 (6.2)

123 (5.6)

0.32

 Calcium blocker

3442 (44.2)

2319 (41.4)

1123 (51.3)

<0.0001

 Beta-blocker

2978 (38.3)

2225 (39.8)

753 (34.4)

<0.0001

 Alpha-blocker

251 (3.2)

175 (3.1)

76 (3.5)

0.44

 Angiotensin receptor blocker

3394 (43.6)

2375 (42.4)

1019 (46.6)

0.001

 ACE inhibitors

1790 (23.0)

1353 (24.2)

436 (19.9)

<0.0001

 Diuretic

2149 (27.6)

1496 (26.7)

653 (29.8)

0.0058

 Nitrite

1799 (23.1)

1273 (22.8)

526 (24.0)

0.23

 Nicorandil

2594 (33.3)

1854 (33.1)

740 (33.8)

0.57

 Warfarin

755 (9.7)

571 (10.2)

184 (8.4)

0.016

 DOAC

49 (0.6)

40 (0.7)

9 (0.4)

 Insulin

1542 (19.8)

999 (17.9)

543 (24.8)

<0.0001

 Sulfonylurea

2651 (34.1)

1912 (34.2)

739 (33.8)

0.73

 Alpha-glucosidase inhibitor

1945 (25.0)

1422 (25.4)

523 (23.9)

0.16

 Pioglitazone

1046 (13.4)

785 (14.0)

261 (11.9)

0.019

 Biguanide

1282 (16.5)

897 (16.0)

385 (17.6)

0.09

 DPP-4 inhibitor

1064 (13.7)

760 (13.6)

304 (13.9)

0.72

 Glinide

232 (3.0)

165 (3.0)

67 (3.1)

0.35

 GLP-1 receptor agonist

12 (0.2)

10 (0.2)

2 (0.1)

0.53

Patient characteristics
0.36

Medical treatment at discharge (%)

0.13

Data missing: systolic blood pressure 132 (1.7%), LDL-c 556 (7.1%), and HbA1c 423 (5.4%).
Continuous variables available at registration are expressed as mean±SD unless otherwise indicated. Categorical variables are presented as
numbers and percentages.
bpm, beats per minute; CABG, coronary artery bypass grafting; DM, diabetes mellitus; DOAC, direct oral anticoagulants; DPP-4, dipeptidyl
peptidase-4; eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like peptide-1; HbA1c, glycosylated hemoglobin A1c; HR, heart rate; LDL-c,
low-density lipoprotein cholesterol; MI, myocardial infarction; PCI, percutaneous coronary intervention.
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Table 1 Baseline characteristics of patients grouped by gender

Cardiovascular and metabolic risk

there appears to be some consensus regarding the higher
risk of HF in women with diabetes.16
A few possible explanations for the higher risk of HF
in women than men are available. Although men still
have higher rates of cardiovascular diseases (CVDs) than
women, if they do not have CAD,17 it has been recognized
that women with diabetes lose their relative protection
against CVDs.1 18 Therefore, it is possible that higher risks
of HF reflect higher risks of CAD progression in women
with diabetes, based on the assumption that HF is the
manifestation of ischemic heart diseases in patients with
diabetes.7 Gender disparities in risk factor management
may also contribute to gender differences in HF risk in
patients with diabetes and CVDs. Gouni-Berthold et al19
showed that women with diabetes and CVDs have poorer
control of important modifiable risk factors than men
and receive less intensive lipid-lowering treatments. Similarly, Wexler et al20 reported that women with diabetes
and CAD were less likely to be prescribed aspirin than
men, or when treated for hypertension or hyperlipidemia women with diabetes and CAD were less likely to
have blood pressures <130/80 mm Hg or LDL-c levels

Low-density lipoprotein cholesterol
A recent large-
scale meta-
analysis of randomized
controlled trials of statins for primary and secondary
prevention of HF events reported a modest (10%) reduction in first non-
fatal HF hospitalizations with statin
treatment.22 These results support LDL-c as a modest
predictor of HF. However, gender-specific effects on HF
risk have not been analyzed. In this study, we found a
statistically significant interaction between gender and
HF risk, as predicted from the stratified level of achieved
LDL-c. We found a direct linear relationship between HF
and LDL-c in men, but HF risk was not associated with
LDL-c and was almost constant in women. This suggests
that LDL-c could be a predictor of HF in men but not
in women. Interestingly, this result is partially consistent
with the Framingham Heart Study, which showed that
total cholesterol is a weak predictor of HF in men but
not in women, although not with statistically significant
gender interaction.23 These results, although speculative, suggest that HF in women with diabetes may be
more likely to result from diabetes itself rather than CAD
progression, which is strongly associated with LDL-c. In
fact, the history of diabetes in women was significantly
longer than that in men; however, our sensitivity analysis

Table 2 Incidence of hospitalization for heart failure per 100 person-years, by age group
All (N=7785)

Men (n=5596)

Women (n=2189)

Age
(years)

Person-
years

100 person- Person-
100 person-
Events (n) years
years
Events (n) years

Person-
years

58
193

≤54
55–64

3014
7390

385
1360

65–74

10 744

336

3.1

7548

234

3.1

3196

102

3.2

75–84
≥85

5981
499

270
49

4.5
9.8

3558
198

167
21

4.7
10.6

2423
302

103
28

4.3
9.3

1.9
2.6

2630
6030

BMJ Open Diab Res Care 2022;10:e002707. doi:10.1136/bmjdrc-2021-002707

47
153

1.8
2.5

Events
(n)
11
40

100 person-
years
2.9
2.9
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Figure 1 Incidence of hospitalization for heart failure.
Kaplan-Meier curves showing the cumulative incidence of
heart failure. Men: solid line; women: dashed line; both were
with type 2 diabetes and established coronary artery disease.

<100 mg/dL. Consistent with these reports, women in
our registry also had significantly higher SBP, LDL-c, and
HbA1c values at baseline. Concerning drugs for CVDs,
statins were more prescribed and beta-blockers were less
prescribed to women than men. In this study, patients
were enrolled from a continuous CAG record and the
number of women enrolled in this study was one-third of
the number of men. This reflects real-world CAD practice, although it may also reflect gender disparity. Women
may be more likely to miss the chance to undergo CAG at
the appropriate time.21
If any of these explanations for the gender difference in HF risk are correct, a more intensive risk factor
management strategy for women, equivalent to that
for men, is recommended to improve HF outcomes.
However, this may only be justified if there is no gender
difference in the effects of risk factor management on
CV outcomes. Therefore, we examined the interaction between gender and the risk factor management–
outcome association.

Cardiovascular and metabolic risk

using diabetes duration as an adjuster showed a similar
HR.
Glycosylated hemoglobin A1c
We could rule out a gender difference in the association
between HbA1c levels and HF risk. Poor glycemic control
predicts macrovascular and microvascular complications
in patients with type 2 diabetes.24 25 A previous cohort
study by Iribarren et al,26 which enrolled nearly 50 000
patients, showed that poor glycemic control could also be
associated with an increased risk of HF among patients
with diabetes which is consistent with the results of the
UK Prospective Diabetes Study.27 Unlike our result, these
researchers found that the association was stronger in
men than in women, with a significant gender interaction.
Systolic blood pressure
In our analysis of blood pressure, we found a significant
interaction with respect to gender. While there was a
nearly negative correlation between blood pressure and
HF risk among men, women with the lowest SBP had an
increased risk and those with an SBP >110 mm Hg had a
constant risk, irrespective of SBP. These results, although
somewhat presumptive, might be interpreted as follows:
low blood pressure, whether achieved by strict blood pressure reduction or a decline in cardiac function without
intervention, is associated with HF risk; this is linearly
associated with an increased risk in men, but in women
the association exists only if the SBP is <110 mm Hg.
Strengths and limitations
The strengths of this study were that, unlike analysis of
an existing database, patient information was obtained
directly from medical records. The large number of
patients recruited from a high number of hospitals
and the large number of hospitalizations due to HF
may provide sufficient power to analyze the association
between outcomes and variables. Conversely, a major
limitation of our study may result from collecting data
retrospectively. The non-
rigorous assessment of risk
factors, other variables, and outcomes are weaknesses
inherent in any retrospective registry study. Particularly,
6

similar to other studies, it is often difficult to accurately
diagnose HF. To exclude patients presenting signs and
symptoms similar to HF, such as pneumonia and chronic
obstructive pulmonary disease, HF was diagnosed based
on information available at admission, relevant to the
Framingham criteria, and information available after
hospitalization, such as improvements in symptoms
and signs after specific treatments, including diuretics
and nitrovasodilators, as recommended by the Atherosclerosis Risk in Communities study investigators28 and
used in the A randomized trial of intensive versus standard blood-pressure control (SPRINT) study.29 We also
performed sensitivity analysis after excluding patients
with hemodialysis or severe renal dysfunction to exclude
those whose renal dysfunction was likely to contribute to
HF-like symptoms and signs.
Although the time period of our registry limits further
discussion regarding the possible effects of gender on the
development of HF with a preserved or reduced ejection
fraction and newly developed antidiabetic drugs, such
as sodium glucose cotransporter 2 inhibitors, for the
prevention of HF in patients with diabetes, our continuous enrollment of patients may provide some evidence
in the near future.
In conclusion, our registry-
based cohort study indicated that Japanese women with type 2 diabetes and CAD
had a higher risk of HF than men. Significant gender
effects were found in the association between HF risk and
risk factor management, particularly regarding LDL-
c
and SBP. This result suggests that a strategy for HF risk
reduction specific to women should be established.
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