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Impact of sex and menopausal
hormonal therapy on
cardiovascular diseases in people
with diabetes or prediabetes
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People with diabetes or prediabetes face a higher risk of cardiovascular events. However, the impact
of sex and menopausal hormone therapy on cardiovascular disease (CVD) in these individuals remains
unclear. We examined cardiovascular event risk and the association between menopausal hormone
therapy and CVD risk in female Koreans with diabetes or prediabetes. We utilized the National Health
Insurance Service database from 2009 to 2019. People undergoing hemodialysis or with an eGFR<15
mL/min/1.73 m? were excluded. We analyzed 1,313,591 people with prediabetes and 890,184 people
with diabetes without a history of heart failure. Additionally, we examined 1,180,576 people with
prediabetes and 673,688 people with diabetes without a history of acute myocardial infarction or
stroke. Hazard ratios (HRs) for CVD risk were calculated using Cox proportional hazards models.
Women with diabetes had a higher risk of heart failure compared to men with diabetes (HR: 1.095,
95% C11.068 to 1.123), a pattern also seen in people with prediabetes (HR: 1.150, 95% Cl 1.118 to
1.183). Conversely, women with diabetes had a lower risk of acute myocardial infarction (HR: 0.507,
95% C1 0.486 to 0.528) and stroke (HR: 0.787, 95% Cl 0.771 to 0.804) compared to men with diabetes,
which was similarly observed in people with prediabetes. Hormone therapy was linked to a reduced
risk of ischemic stroke in postmenopausal women with diabetes (HR: 0.761, 95% Cl 0.589 to 0.983) and
prediabetes (HR: 0.659, 95% Cl 0.488 to 0.889). Women with diabetes or prediabetes have a higher
risk of heart failure than men. More intensive screening and management of heart failure are needed,
especially for these women. Conversely, women with diabetes or prediabetes have a lower risk of acute
myocardial infarction and stroke compared to men. Menopausal hormone therapy may help prevent
ischemic stroke in postmenopausal women with diabetes or prediabetes.
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Abbreviations

CVD Cardiovascular diseases

ICD-10  International classification of diseases

HDL Cholesterol high-density lipoprotein cholesterol
LDL Cholesterol low-density lipoprotein cholesterol
eGFR Estimated glomerular filtration rate

The global prevalence of diabetes is rising due to increasing obesity and lifestyle changes. Individuals with
diabetes face a higher risk of cardiovascular diseases (CVD) and mortality. Among those with type 2 diabetes,
CVD is the leading cause of morbidity and mortality%. Besides atherosclerotic CVD, including ischemic heart
disease, stroke, and peripheral vascular disease, heart failure is a common complication of diabetes>*,

Previous studies have shown sex differences in CVD outcomes, including heart failure>®. While diabetes is
a known risk factor for CVD, sex-specific outcomes in diabetic patients are inconsistent. Diabetic women have
lower left ventricular global longitudinal strain compared to non-diabetic women, but this difference is less
pronounced in men’. A retrospective registry study in Japan found that women with type 2 diabetes and coronary
artery disease had a higher risk of heart failure hospitalization than men®. Diabetes significantly increases the
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mortality risk of patients with heart failure, more so in women than men among Caucasians hospitalized with
congestive heart failure®. However, another study found that sex was not a significant predictor of congestive
heart failure incidence in diabetic patients without existing congestive heart failure'®. Data from Finnish and
Swedish cohorts showed that diabetic men have a higher risk of coronary heart disease and ischemic stroke than
diabetic women!!.

In postmenopausal diabetic women, the risk of coronary heart disease events increases with age and
worsening risk factors'?. The effects of hormone therapy on CVD risk are inconsistent!?. Although hormone
therapy has been reported to improve glycemic control, its impact on CVD outcomes in postmenopausal women
with diabetes or prediabetes is unclear!*. Menopausal hormone therapy was linked to reduced CVD risk in
white women with prediabetes or diabetes but not in black women'®. According to the Korea National Health
Insurance Service Database, menopausal hormone therapy was not associated with CVD or type 2 diabetes
in middle-aged postmenopausal women'®. This study examined cardiovascular event risk and the association
between menopausal hormone therapy and CVD risk in female Koreans with diabetes or prediabetes.

Materials and methods

Data source

We utilized the National Health Insurance Service database from January 1, 2009, to December 31, 2019. Data
were assessed for research purposes from August 31, 2023, to September 15, 2023. The National Health Insurance
Service is a population-based cohort that conducts health screenings based on national health insurance data
in Korea.

Informed consent

was not obtained as the study data had already been collected. The Institutional Review Board (IRB) of Ewha
Womans University Mokdong Hospital approved our study. Due to the retrospective nature of the study, IRB of
Ewha Womans University Mokdong Hospital waived the need of obtaining informed consent. Patient records
were anonymized before release. All methods were performed in accordance with relevant guidelines and
regulations.

Study population

The study included adults aged 40 years or older who underwent a health checkup between January 1, 2009, and
December 31, 2010 (1 =2,688,352). Excluding those with missing data, the study population was 2,640,389. After
excluding individuals with an estimated glomerular filtration rate (eGFR) <15 mL/min/1.73 m? (n=47,452),
with a history of chronic kidney disease indicated by ICD-10 codes N18 or N19 (n=15,913), undergoing
hemodialysis (n=3,115), or with a history of heart failure (n=59,177), the study population reached 2,523,352.
Among them, 2,203,775 people were with prediabetes or diabetes. Finally, we analyzed 1,313,591 people with
prediabetes and 890,184 people with diabetes. Additionally, we examined 1,180,576 people with prediabetes
and 673,688 people with diabetes without a history of acute myocardial infarction or stroke. Participants were
observed until the earliest occurrence of a CVD event, death, or the last follow-up on December 31, 2019. A
flowchart detailing the participant selection process is shown in Fig. 1.

Diabetes was defined by the E10-14 codes of the 10th edition of the International Classification of Diseases
(ICD-10) a prescription for oral glucose-lowering medications or insulin for more than 30 days or fasting glucose
of 126 mg/dL or higher. Prediabetes was defined as fasting glucose between 100 and 125 mg/dL without meeting
the diagnostic criteria for diabetes. Menopausal status was determined by having an ICD-10 code (N95), being
over 60 years old, or using a self-report questionnaire.

Outcome variables and covariates
The primary outcome was the time to CVD occurrence, identified using ICD-10 codes: 121 for acute myocardial
infarction, 160-162 for hemorrhagic stroke, 163 for ischemic stroke, 160163 for stroke, and I50 for heart failure.

Smoking status was categorized as a current smoker or non/ex-smoker. Alcohol consumption was classified
as heavy drinking (>2 drinks/day for men and >1 drink/day for women) or non-heavy drinking (<2 drinks/
day for men and <1 drink/day for women). Physical activity was grouped into none, 1 time/week, and =2 times/
week.

Drug prescriptions at the index date were defined as those prescribed for >30 days. Sociodemographic data
(age, sex, smoking status, alcohol consumption, physical activity, and menopausal status for women), physical
examination data (body mass index and blood pressure), laboratory test data (fasting glucose, cholesterol, and
triglycerides), and treatment data (use of hypoglycemic agents, antihypertensives, and lipid-lowering therapies)
were collected at the index date. The index date was the time of health screening after January 1, 2009, and the
follow-up period from the index date to the occurrence of CVD, death, or the end of the study on December
31, 2019.

Statistical analysis

Baseline characteristics were presented as mean + standard deviations for continuous variables and as frequency
and proportion for categorical variables. We used Cox proportional hazards models to evaluate the risk of
CVD events, adjusting for age, smoking status, alcohol consumption, physical activity, drug prescriptions for
antihypertensives and lipid-lowering therapies, body mass index, and fasting glucose. Adjusted hazard ratios
(HRs) and 95% confidence intervals were then calculated. P values < 0.05 were considered statistically significant.
All statistical analyses were performed using SAS (version 9.4, SAS Institute, Cary, NC).
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Adults aged 40 years or older who underwent a
health checkup between January 1, 2009, and
December 31, 2010 (n = 2,688,352)

Excluded individuals with missing data (n = 47,963)

Excluded individuals (n = 117,037) with an estimated glomerular
filtration rate (eGFR) <15 mL/min/1.73 m? (n = 47,452), with a history

of chronic kidney disease (n = 15,913), undergoing hemodialysis (n =
3,115), or with a history of heart failure (n = 59,177)

People with prediabetes or diabetes (n = 2,203,775)

People with prediabetes
(n=1,313,591)

People with diabetes
(n=890,184)

Adults aged 40 years or older who underwent a
health checkup between January 1, 2009, and
December 31, 2010 (n = 2,688,352)

Excluded individuals with missing data (n = 47,963)

Excluded individuals (n = 504,159) with an estimated glomerular filtration rate
(¢GFR) <15 mL/min/1.73 m? (n = 47,452), with a history of chronic kidney

disease (n = 15,913), undergoing hemodialysis (n = 3,115), with a history of
stroke (n = 152,808), or with a history of acute myocardial infarction (n = 360,111)

People with prediabetes or diabetes (n = 1,854,264)

l

l

People with prediabetes
(n=1,180,576)

People with diabetes
(n = 673,688)

Fig. 1. Flowchart detailing the participant selection process.

Results

Baseline characteristics of all participants are shown in Tables 1 and 2. The mean age was 57 years, with about
44% of participants being women among subjects without a history of heart failure. The mean age was 56 years,
with about 43% of participants being women among subjects without a history of acute myocardial infarction
or stroke. Women were older and had higher levels of total cholesterol, high-density lipoprotein cholesterol
(HDL cholesterol), and low-density lipoprotein cholesterol (LDL cholesterol) than men. The proportions of
current smokers and heavy drinkers were lower in women than in men. Women received more lipid-lowering
and antihypertensive medications than men.
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All Men Women
(n=2,203,775) | (n=1,240,482) | (n=963,293) | P-value

Age (yrs) 57+11 56x11 59+11 <0.001
Diabetes, n (%) 890,184 (40.4) | 498,801 (40.2) | 391,383 (40.6) | <0.001
Current smoking, n (%) 487,575 (22.1) 456,640 (36.8) | 30,935 (3.2) <0.001
Heavy drinking, n (%) 423,486 (19.2) 353,935 (28.5) | 69,551 (7.2) <0.001
Physical activity, n (%)

None 1,124,369 (51.0) | 552,749 (44.6) | 571,620 (59.3) | <0.001
1 time/week 505,576 (22.9) 335,928 (27.1) | 169,648 (17.6)

> 2 times/week 573,830 (26.0) 351,805 (28.4) | 222,025 (23.1)
Lipid-lowering therapy, any (%) 446,467 (20.3) 214,233 (17.3) | 232,234 (24.1) | <0.001
Antihypertensive agents, any (%) 815,863 (37.0) 429,647 (34.6) | 386,216 (40.1) | <0.001
History of ischemic heart disease, n (%) | 199,579 (9.1) 107,282 (8.7) 92,297 (9.6) <0.001
History of stroke, n (%) 88,864 (4.0) 46,700 (3.8) 42,164 (4.4) <0.001
Menopause, n (%) 517,067 (53.7)
Body mass index (kg/m?) 24.60+4.57 24.59+3.95 24.62+5.26 <0.001
Systolic blood pressure (mmHg) 128+16 128+15 127+16 <0.001
Diastolic blood pressure (mmHg) 79+10 80+10 78+10 <0.001
Fasting glucose (mg/dL) 120+33 122+35 118+31 <0.001
Total cholesterol (mg/dL) 202+46 198 £46 207 £45 <0.001
Triglycerides (mg/dL) 157+110 170+122 140+89 <0.001
HDL cholesterol (mg/dL) 54+27 52+25 5629 <0.001
LDL cholesterol (mg/dL) 119+87 114+94 12476 <0.001
eGFR (mL/min/1.73 m?) 83+17 84+17 83+18 <0.001

Table 1. Baseline characteristics of participants without a history of heart failure, categorized by sex. Data
are presented as the means + the standard deviations or the frequencies and proportions. HDL cholesterol,
High-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol; eGFR, estimated
glomerular filtration rate.

Baseline information for individuals with diabetes or prediabetes is provided in Supplemental Tables 1 and 2.
The mean age was 55 years for those with prediabetes and 60 years for those with diabetes among subjects without
a history of heart failure. Among women without a history of heart failure with prediabetes (n=571,910), 3,668
(0.64%) were prescribed hormones. Among 391,383 women without a history of heart failure with diabetes,
2,971 (0.76%) were receiving hormone treatment. The mean age was 54 years for those with prediabetes and 59
years for those with diabetes among subjects without a history of acute myocardial infarction or stroke. Among
women without a history of acute myocardial infarction or stroke with prediabetes (n=510,596), 3,134 (0.61%)
were prescribed hormones. Among 290,023 women without a history of acute myocardial infarction or stroke
with diabetes, 2,143 (0.74%) were receiving hormone treatment. Among menopausal women, those on hormone
replacement therapy were younger and had lower levels of body mass index, systolic blood pressure, diastolic
blood pressure, fasting glucose, and triglycerides than those not on hormone replacement therapy (data not
shown).

During a median follow-up of 11 years, we observed 50,430 heart failure events (men with prediabetes,
n=10,227; men with diabetes, n=12,788; women with prediabetes, n=11,792; women with diabetes, n=15,623),
23,687 acute myocardial infarctions (men with prediabetes, n=8,992; men with diabetes, n=8,667; women
with prediabetes, n=2,330; women with diabetes, n=3,698), and 81,435 stroke events (men with prediabetes,
n=24,671; men with diabetes, n =24,825; women with prediabetes, n=14,906; women with diabetes, n=17,033)
were observed (Table 3).

The risk of heart failure was higher in women with diabetes compared to men with diabetes (HR: 1.095, 95%
CI 1.068 to 1.123), and a similar pattern was observed in individuals with prediabetes (HR: 1.150, 95% CI 1.118
to 1.183). Conversely, the risk of acute myocardial infarction (HR: 0.507, 95% CI 0.486 to 0.528) and ischemic
stroke (HR: 0.759, 95% CI 0.742 to 0.777) was lower in women with diabetes compared to men with diabetes,
with the same pattern observed in individuals with prediabetes (HR: 0.330, 95% CI 0.315 to 0.347 for acute
myocardial infarction; HR: 0.698, 95% CI 0.681 to 0.716 for ischemic stroke) (Table 4). Hormone therapy was
associated with a reduced risk of ischemic stroke in postmenopausal women with diabetes (HR: 0.761, 95% CI
0.589 to 0.983) and prediabetes (HR: 0.659, 95% CI 0.488 to 0.889) (Table 5).

Discussion

Women with prediabetes have a higher risk of heart failure compared to men. However, among people with
diabetes or prediabetes, women have a lower risk of acute myocardial infarction or stroke than men. Menopausal
hormonal therapy might help prevent ischemic stroke in postmenopausal women with diabetes or prediabetes.
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All Men Women
(n=1,854,264) | (n=1,053,645) | (n=800,619) | P-value
Age (yrs) 56+11 55+10 57+11 <0.001
Diabetes, n (%) 673,688 (36.3) | 383,665 (36.4) | 290,023 (36.2) | 0.008
Current smoking, n (%) 431,644 (23.3) | 405,207 (38.5) | 26,437 (3.3) <0.001
Heavy drinking, n (%) 373,190 (20.1) | 310,274 (29.5) | 62,916 (7.9) <0.001
Physical activity, n (%)
None 934,624 (50.4) | 464,898 (44.1) | 469,726 (58.7) | <0.001
1 time/week 440,171 (23.7) | 294,805 (28.0) | 145,366 (18.2)
> 2 times/week 479,469 (25.9) | 293,942 (27.9) | 185,527 (23.2)

Lipid-lowering therapy, any (%) 287,757 (15.5) | 134,228 (12.7) | 153,529 (19.2) | <0.001
Antihypertensive agents, any (%) | 563,468 (30.4) | 295,563 (28.1) | 267,905 (33.5) | <0.001

History of heart failure, n (%) 12,679 (0.7) 4,444 (0.4) 8,235 (1.0) <0.001
Menopause, n (%) 391,666 (48.9)

Body mass index (kg/m?) 24.54+4.78 24.55+4.09 24.52+5.56 <0.001
Systolic blood pressure (mmHg) | 127+16 128+15 126+16 <0.001
Diastolic blood pressure (mmHg) | 79+ 10 80+10 77+10 <0.001
Fasting glucose (mg/dL) 120+33 121+34 117£30 <0.001
Total cholesterol (mg/dL) 204 +45 200+45 208 +45 <0.001
Triglycerides (mg/dL) 157£112 1724124 138+£89 <0.001
HDL cholesterol (mg/dL) 54+28 53+26 57+30 <0.001
LDL cholesterol (mg/dL) 120+87 116 £92 126 £79 <0.001
eGFR (mL/min/1.73 m?) 84+17 85+16 8317 <0.001

Table 2. Baseline characteristics of participants without a history of acute myocardial infarction or

stroke, categorized by sex data are presented as the means + the standard deviations or the frequencies and
proportions. HDL cholesterol, High-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein
cholesterol; eGFR, estimated glomerular filtration rate.

Sex Diabetes Total cases | Events | Person-years | Incidence rate per 100,000 person-years (95% CI)
Men Prediabetes | 741,681 10,227 | 8,475,069 120.672 (120.671-120.672)
Men Diabetes 498,801 12,788 | 5,417,598 236.046 (236.044-236.047)
Heart failure
Women | Prediabetes | 571,910 11,792 | 6,613,656 178.298 (178.297-178.299)
‘Women | Diabetes 391,383 15,623 | 4,347,762 359.334 (359.332-359.337)
Men Prediabetes | 669,980 8,992 | 7,687,504 116.969 (116.968-116.970)
Men Diabetes 383,665 8,667 | 4,219,212 205.417 (205.415-205.420)
Acute myocardial infarction
‘Women | Prediabetes | 510,596 2,330 | 5,964,856 39.062 (39.061-39.063)
Women | Diabetes 290,023 3,698 | 3,289,630 112.414 (112.412-112.416)
Men Prediabetes | 669,980 19,507 | 7,642,916 255.230 (255.229-255.231)
Men Diabetes 383,665 21,095 | 4,163,690 506.642 (506.639-506.645)
Ischemic stroke
Women | Prediabetes | 510,596 11,180 | 5,922,832 188.761 (188.760-188.762)
Women | Diabetes 290,023 14,253 | 3,238,600 440.098 (440.094-440.102)
Men Prediabetes | 669,980 5,808 | 7,706,158 75.368 (75.368-75.369)
Men Diabetes 383,665 4,506 | 4,243,798 106.178 (106.177-106.180)
Hemorrhagic stroke
Women | Prediabetes | 510,596 4,117 | 5,957,511 69.106 (69.105-69.107)
‘Women | Diabetes 290,023 3,301 | 3,292,793 100.249 (100.247-100.251)
Men Prediabetes | 669,980 24,671 | 7,620,643 323.739 (323.738-323.741)
Strok Men Diabetes 383,665 24,825 | 4,149,473 598.269 (598.265-598.272)
troke
Women | Prediabetes | 510,596 14,906 | 5,906,608 252.361 (252.360-252.363)
Women | Diabetes 290,023 17,033 | 3,228,230 527.627 (527.622-527.631)

Table 3. The incidence rate of cardiovascular events of total participants. CI, confidence interval.

Several studies have examined CVD occurrence by sex among diabetic and non-diabetic individuals.
Research indicates that women have a higher risk of heart failure than men!”. Consistent with our findings,
multiple studies have shown that diabetes increases the risk of heart failure more in women than in men®. The
Korean Heart Failure Registry study suggested that diabetes has a stronger impact on mortality and heart failure
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Hazard Hazard Hazard
Sex Diabetes ratios | 95% CI P-value | ratios | 95% CI P-value | ratios | 95% CI P-value
Men Prediabetes | 1
Men Diabetes 1.180 1.148-1.213 | <0.001 |1
Heart failure
Women | Prediabetes | 1.150 1.118-1.183 | <0.001 | 0.928 0.888-0.970 0.001 |1
Women | Diabetes 1.357 1.293-1.424 | <0.001 | 1.095 1.068-1.123 | <0.001 | 1.124 1.096-1.153 | <0.001
Men Prediabetes | 1
Men Diabetes 1.201 1.162-1.241 | <0.001 |1
Acute myocardial infarction
Women | Prediabetes | 0.330 0.315-0.347 | <0.001 | 0.422 0.397-0.448 | <0.001 |1
‘Women | Diabetes 0.397 0.372-0.423 | <0.001 | 0.507 0.486-0.528 | <0.001 | 1.842 1.746-1.943 | <0.001
Men Prediabetes | 1
Men Diabetes 1.284 1.258-1.312 | <0.001 |1
Ischemic stroke
Women | Prediabetes | 0.698 0.681-0.716 | <0.001 | 0.591 0.570-0.613 | <0.001 |1
Women | Diabetes 0.897 0.863-0.932 | <0.001 | 0.759 0.742-0.777 | <0.001 | 1.396 1.361-1.433 | <0.001
Men Prediabetes | 1
Men Diabetes 1.087 1.042-1.135 | <0.001 |1
Hemorrhagic stroke
Women | Prediabetes | 0.930 0.891-0.972 | 0.001 |0.834 0.772-0.900 | <0.001 |1
Women | Diabetes 1.011 0.942-1.087 0.755 | 0.906 0.863-0.951 | <0.001 | 1.059 1.009-1.112 0.021
Men Prediabetes | 1
Men Diabetes 1.234 1.211-1.258 | <0.001 |1
Stroke
Women | Prediabetes | 0.750 0.734-0.767 | <0.001 | 0.638 0.617-0.660 | <0.001 |1
Women | Diabetes 0.925 0.894-0.958 | <0.001 | 0.787 0.771-0.804 | <0.001 | 1.296 1.266-1.326 | <0.001

Table 4. The relative risk of cardiovascular diseases in participants according to sex and diabetes. HRs were
adjusted for age, smoking status, alcohol consumption status, physical activity level, drug prescriptions for
antihypertensives and lipid-lowering therapies, body mass index, and fasting glucose. CI, confidence interval.

Hazard Hazard Hazard
Hormonal therapy | Diabetes ratios | 95% CI P-value | ratios | 95% CI P-value | ratios | 95% CI P-value
No Prediabetes | 1
No Diabetes 1.121 1.090-1.152 | <0.001 |1
Heart failure
Yes Prediabetes | 0.802 0.616-1.043 0.099 | 0911 0.739-1.124 0386 |1
Yes Diabetes 0.898 0.689-1.172 0.430 | 1.022 0.831-1.256 0.840 | 1.428 1.024-1.993 | 0.036
No Prediabetes | 1
No Diabetes 1.520 1.429-1.617 | <0.001 |1
Acute myocardial infarction
Yes Prediabetes | 0.689 0.370-1.284 0.241 |0.537 0.331-0.872 0.012 |1
Yes Diabetes 1.048 0.559-1.964 0.884 | 0.817 0.507-1.317 0.407 | 1.803 0.825-3.939 | 0.139
No Prediabetes | 1
No Diabetes 1.294 1.256-1.333 | <0.001 |1
Ischemic stroke
Yes Prediabetes | 0.659 0.488-0.889 0.006 | 0.588 0.454-0.762 | <0.001 |1
Yes Diabetes 0.852 0.629-1.153 0.300 |0.761 0.589-0.983 0.036 | 1.495 1.009-2.215 | 0.045
No Prediabetes | 1
No Diabetes 1.090 1.028-1.155 0.004 |1
Hemorrhagic stroke
Yes Prediabetes | 0.657 0.395-1.092 0.105 | 0.602 0.347-1.044 0.071 |1
Yes Diabetes 0.716 0.428-1.197 0.203 | 0.656 0.380-1.131 0.129 | 1.087 0.517-2.285 | 0.825
No Prediabetes | 1
No Diabetes 1.238 1.206-1.272 | <0.001 |1
Stroke
Yes Prediabetes | 0.657 0.505-0.855 0.002 | 0.580 0.456-0.738 | <0.001 |1
Yes Diabetes 0.814 0.624-1.062 0.129 |0.718 0.566-0.911 0.006 | 1.353 0.949-1.927 | 0.094

Table 5. The relative risk of cardiovascular diseases in postmenopausal women according to hormonal

therapy and diabetes. HRs were adjusted for age, smoking status, alcohol consumption, physical activity level,
prescriptions for antihypertensives and lipid-lowering therapies, body mass index, and fasting glucose levels.
CI, confidence interval.
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readmission in women than in men'®. From the systematic review and meta-analysis of 47 cohorts, the risk
of heart failure with diabetes was greater in diabetic women than in diabetic men'”. The ASIAN-HF registry
also indicated that diabetes poses a greater risk of adverse outcomes in women than in men?’, However, the
Framingham study, which began in 1949, found that diabetic men had more than twice the frequency of
congestive heart failure, while diabetic women had a fivefold increased risk compared to nondiabetic cohorts
over an 18-year follow-up period?!.

Contrary to our findings, several studies have shown that diabetic women have a higher risk of coronary
heart disease than diabetic men. The adjusted relative risk of death from ischemic heart disease was 2.4 for
diabetic men and 3.5 for diabetic women compared to nondiabetics?2. In Finland, the diabetes-related HR for
major coronary heart disease events was 3.8 for men and 14.7 for women?*. Finnish studies also reported higher
myocardial infarction mortality in diabetic women compared to men aged 25-74 years*’. Among Japanese
individuals aged 40 to 79, diabetes diagnosed by an oral glucose tolerance test was an independent risk factor
for coronary heart disease in women®. A systematic review and meta-analysis of 64 cohorts found that the
excess risk of stroke associated with diabetes was higher in women than in men?®. Another meta-analysis of 37
prospective cohort studies reported that the relative risk for fatal coronary heart disease associated with diabetes
was higher in women than in men?’. The 40-Year Rancho Bernardo Cohort Study suggested that diabetic
women lose cardiovascular protection due to multiple CVD risk factors?’. However, our study confirmed that
diabetic women have a lower risk of acute myocardial infarction or stroke than diabetic men. Consistent with
our findings, Spanish diabetic patients without known coronary artery disease showed that men had more
major adverse cardiac events than women?’. Similarly, at Hartford Hospital, diabetic patients without known
coronary artery disease had fewer cardiac events in women compared to men®. Differences in race or CVD risk
adjustment might explain the varying results between studies.

The effects of hormone replacement therapy on CVD outcomes are inconsistent across studies!®. For
instance, the Women’s Health Initiative Randomized Trials found no association between hormone replacement
therapy and the risk of all-cause or cardiovascular mortality among multiethnic postmenopausal women?!.
The impact of hormone therapy on CVD outcomes may depend on the timing of therapy initiation. Among
healthy postmenopausal women, those who started estradiol therapy within 6 years of menopause had a lower
rate of atherosclerosis compared to those on a placebo. However, this benefit was not observed in women who
began therapy 10 or more years after menopause®2. Although our study did not consider the timing of hormone
therapy initiation, we found that hormone therapy use was associated with a reduced risk of ischemic stroke
among postmenopausal women with diabetes or prediabetes after adjusting for various confounding factors.

The mechanism behind sex differences in CVD risk among people with diabetes is not well understood.
Factors such as the influence of sex hormones, variations in cardiovascular risk factors over a lifetime, and
lifestyle differences may contribute to these disparities!”. Women generally have a higher fat mass percentage,
particularly in the subcutaneous area and lower extremities, compared to men*’. Additionally, women showed
a greater increase in intracardiac lipid content between normoglycemic and hyperglycemic states than men>.
Specific risk factors for CVD in women include conditions like gestational diabetes and polycystic ovary
syndrome!”. Differences in CVD risk factors before and after menopause suggest that estrogen plays a role
in CVD development35. However, the effect of female hormones, particularly estrogens, on CVD outcomes
remains unclear. A meta-analysis of randomized controlled trials indicated that hormone replacement therapy
does not affect the incidence of coronary events or myocardial infarction®. Overall, the health risks of estrogen
plus progestin exceeded the benefits for total CVD outcomes in healthy postmenopausal women, according to
the Women’s Health Initiative Randomized Controlled Trial®”. Further research is needed to understand the
mechanisms of sex differences and the role of menopausal hormone therapy in CVD development among people
with diabetes.

Our study has several strengths. It is the first to evaluate sex differences in the risk of cardiovascular events
and the association between hormone therapy use and CVD risk in Koreans with diabetes or prediabetes. The
large sample size allows our results to be generalized to Korean patients with these conditions. We also adjusted
for various confounding factors that could affect CVD risk.

However, our study has limitations. As a retrospective study, we cannot establish a causal relationship between
sex or hormone therapy and CVD outcomes. The start time of hormone therapy could not be confirmed, so
the duration of hormone treatment is unknown. We did not consider the type, dosage, or administration
route of hormone therapy. Previous systematic reviews and meta-analyses have reported that menopausal
hormone therapy increases the risk of venous thromboembolism?®. Because the effects of menopausal hormone
therapy may vary depending on age, time since menopause, and comorbidity status*, the risks and benefits of
menopausal hormone therapy should be considered and caution should be used when interpreting the results.
Glycated hemoglobin was not used as a diagnostic criterion for diabetes or to assess glycemic control. Obstetric
and gynecological factors were not considered. Additionally, we lacked information on the duration of diabetes
or prediabetes. The type of heart failure (reduced ejection fraction or preserved ejection fraction) was not taken
into account. CVD incidence was assessed using ICD-10 codes and may differ from actual incidence. Lastly, we
did not consider the type of hypoglycemic agents used, such as sodium-glucose cotransporter 2 inhibitors or
glucagon-like peptide-1 receptor agonists, which may affect the occurrence of cardiovascular disease?’.

In conclusion, there is a need for more intensive screening and management of heart failure, particularly in
women with diabetes. Menopausal hormonal therapy might help prevent ischemic stroke in postmenopausal
women with diabetes or prediabetes. Further prospective studies are necessary to determine the optimal timing,
dosage, and duration of hormone replacement in these women.
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Data availability
The datasets generated during and/or analysed in the current study are available from the corresponding author
upon reasonable request.
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