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Purpose: Most studies have reported that the risk of coronary heart disease decreases when menopausal hormone therapy 
(MHT) is initiated before the age of 60 years or within 10 years of menopause. However, the findings regarding stroke risk remain 
conflicting. This study investigated the association between the risk of ischemic stroke and MHT, categorized by the type of MHT.
Materials and Methods: This population-based, retrospective cohort study was based on the Korean National Health Insurance 
Service-National Sample Cohort (2004–2015). Participants were aged 45–60 years with no cardiovascular disease or preexisting 
stroke, classified as never, past, and current users of MHT.
Results: Among the study participants, 16915 (88.77%) women had never undergone MHT, 1437 (7.54%) had previously under-
gone MHT, and 703 (3.69%) were currently using MHT. During the study period, with a mean follow-up of 11.23±2.13 years, the 
risk of ischemic events was significantly higher among current users [hazard ratio (HR): 2.98, 95% confidence interval (CI): 1.95–
4.57, p<0.001], particularly in those using estrogen-only MHT (HR: 3.49, 95% CI: 1.12–10.90, p=0.032) and tibolone (HR: 3.52, 95% 
CI: 2.05–6.03, p<0.001), compared to never users. Meanwhile, no significant difference in the risk of ischemic events was observed 
between past users and never users, even after analyses accounting for estrogen type and progestin co-administration.
Conclusion: Women currently receiving MHT without underlying cardiovascular disease exhibited an increased risk of ischemic 
stroke, particularly those treated with E-only MHT or tibolone. However, this increased risk returned to baseline after discontinu-
ing MHT, indicating that past use of MHT was not associated with an increased risk of ischemic stroke.
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INTRODUCTION 

Menopausal hormone therapy (MHT) is used to treat vasomo-
tor symptoms and genitourinary syndromes in peri- and post-
menopausal women.1 In the 1990s, based on observational 
studies, long-term utilization of MHT was widely prescribed as 
a preventative strategy against diseases in older adults, includ-
ing coronary heart disease (CHD), stroke, dementia, and osteo-
porosis.2-4 However, several clinical trials, including the Wom-
en’s Health Initiative (WHI), indicated that MHT did not protect 
against cardiovascular disease; on the contrary, they raised 
concerns regarding an increased risk of cardiovascular disease, 
especially stroke.5,6 

Ultimately, extension studies and subgroup analyses of clinical 
trials have revealed that the CHD risk increases only in women 
who begin MHT after the age of 60 or more than 10 years after 
reaching menopause.7,8 Younger women have a reduced risk 
of developing CHD with MHT.7 This so-called “window hypoth-
esis” implies that the effects of MHT depend on the timing of 
MHT initiation and that positive health effects are greater with 
early initiation. 

Unlike the consistent findings regarding CHD risk, conflict-
ing results have been reported for ischemic stroke. A pooled 
analysis of five Swedish population-based cohort studies found 
no association between hormone therapy and stroke when ini-
tiated within 5 years after menopause.9,10 Similarly, a prospec-
tive cohort study from Denmark reported an increased risk of 
ischemic stroke only in women with hypertension who were 
using hormonal therapy.11 In contrast, a subgroup analysis of 
the WHI cohort found that women within 10 years of meno-
pause assigned to the estrogen plus progestin (E+P) and estro-
gen-only (E-only) arms exhibited an elevated risk of ischemic 
stroke, regardless of the type of MHT administered.12 

In addition to the timing of MHT initiation, factors such as 
the formulation, dosage, route of delivery, and lag time effect 
of MHT can also influence the estimation of stroke risk. For ex-
ample, an increased risk of stroke with an increasing dose of es-
trogen was reported in the Nurses’ Health Study.13 Additional-
ly, the co-administration of progestin with estrogen may impact 
the risk of stroke. Nevertheless, studies on the association be-
tween the various types of MHT and stroke risk are scarce in 
Korean women. 

There are several reasons that may contribute to the differ-
ences in stroke risk associated with MHT among Korean women 
compared to existing studies. Most large-scale studies conduct-
ed in the United States and Europe during the 2000s primarily 
utilized conjugated equine estrogen (CEE) and medroxypro-
gesterone acetate (MPA), which are not commonly used in 
South Korea. Furthermore, the 2013 International Menopause 
Society guidelines clarified the importance of initiating MHT 
before the age of 60 or within 10 years of menopause onset.14 In 
this context, the present study aims to examine the relation-
ship between stroke risk—specifically ischemic events and 

transient ischemic attacks (TIA)—and MHT among Korean 
women aged under 60 years, taking into consideration the type 
of MHT utilized.

MATERIALS AND METHODS

Data source and ethical considerations
The study population was recruited from the Korean National 
Health Insurance Service-National Sample Cohort (NHIS-NSC) 
database. The South Korean government operates a manda-
tory nationwide insurance system that covers all forms of health 
services, including hospitalization, ambulatory care, and phar-
maceutical services. Details of the NHIS-NSC database are de-
scribed elsewhere.15 Briefly, the NHIS-NSC database is a pub-
lic database created by the NHIS, encompassing a 2.2% sample 
(approximately 1 million individuals) of the South Korean pop-
ulation. This sample was systematically and randomly strati-
fied, selected using proportional allocation across 1476 strata 
constructed based on participants’ age, group, sex, eligibility 
status, and income level to represent the entire population of 
South Korea. Specifically, strata were defined by 18 age groups 
(infants under 1 year, ages 1–4, 5-year age groups between 5 
and 79, and 80 years and above), two sex groups (male, female), 
and 41 income level groups (upper 20 percentiles for insured 
employees, lower 20 percentiles for insured self-employed in-
dividuals, and the lowest level of income for medical aid ben-
eficiaries). The disease information of the participants was 
classified according to the 10th revision of the International 
Classification of Disease codes by primary care physicians, as 
well as in secondary and tertiary hospitals. The representative-
ness of the sample was examined by comparing it with the en-
tire Korean population.16,17 All identifiable personal data in the 
medical records were de-identified to comply with the Health 
Insurance Portability and Accountability Act privacy rule. The 
study protocol was approved by the Institutional Review Board 
of the hospital (Gangnam Severance Hospital IRB, approval 
number: 3-2020-0421). The Institutional Review Board waived 
the requirement for informed consent. The study was con-
ducted in accordance with the principles of the Declaration of 
Helsinki.

Study population 
A total of 551786 women enrolled in the NHIS-NSC, who un-
derwent medical examinations from January 1, 2004, to De-
cember 31, 2015, were included in this study. Women younger 
than 45 years or older than 60 years at baseline and those who 
started MHT after the age of 60 years were excluded (n=470820). 
Women who had been prescribed MHT for less than 6 months 
during the study period were further excluded from the analy-
ses. Women with the following diagnoses of risk factors for 
stroke during the washout period were also excluded from the 
study: preexisting TIA (n=430), preexisting ischemic stroke 
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(n=383), acute myocardial infarction (n=470), coronary artery 
disease (n=47), peripheral vascular disease (n=4530), malig-
nancy (n=3571), atrial fibrillation (AF) (n=506), and use of an-
tithrombotic drugs (n=1145) (Supplementary Fig. 1, only on-
line). The washout period was defined as a period at least 1 
year before the start of MHT for current and previous MHT 
users, and as 1 year after the start of observation for subjects 
who had never received MHT. If any of the covariates re-
quired for analysis were missing or if there was a time interval 
of 1 year or more between the cohort entry date and the 
health examination date, these women were excluded from 
the analysis. Finally, a total of 19055 women aged between 45 
and 60 years at baseline without preexisting stroke or under-
lying cardiovascular diseases were included in this study. The 
International Classification of Diseases (10th revision) codes 
for ischemic stroke and TIA are I63 and G45, respectively. 
The codes for the remaining comorbidities and outcomes are 
presented in Supplementary Table 1 (only online).

Exposure to MHT
Women were divided into groups of MHT never users, past 
users, and current users using a classical approach to examine 
the effects of MHT use on study outcomes.18,19 Women who had 
been prescribed MHT for 6 months or who had used at least 
two MHT prescriptions within the past 6 months were classi-
fied as current users. Conversely, women who had been pre-
scribed MHT for less than 6 months and had used fewer than 
two MHT prescriptions during the past 6 months were catego-
rized as past users. Women with no MHT prescriptions were de-
fined as never users. In South Korea, the maximum prescription 
period is limited to 6 months at tertiary hospitals and 3 months 
or less at primary and secondary medical institutions. There-
fore, to ensure more accurate patient selection, both the pre-
scription period and the number of prescriptions were taken 
into consideration together.

MHT were of different types, such as E-only MHT, E+P MHT, 
and tibolone. E-only MHT included oral CEE, oral estradiol 
(E2), and transdermal E2. E+P MHT included oral CEE plus 
progestin and oral E2 plus progestin. Generally, E-only MHT is 
restricted to women who have undergone a hysterectomy, 
whereas E+P MHT and tibolone are prescribed to women with 
a uterus. When two or more MHT types were administered, 
the regimen used for the longest period was chosen to classify 
the patients. The prescription codes for MHT are presented in 
Supplementary Table 1 (only online).

Statistical analysis
The characteristics of the groups defined by MHT use were 
compared using the chi-square test and one-way analysis of 
variance. We calculated the incidence rate (IR) per 1000 per-
son-years and 95% confidence interval (CI) to compare the 
stroke incidence of MHT users to that of non-users. We ob-
tained multivariable adjusted hazard ratios (HR)s and 95% CIs 

for new-onset stroke incidence between the groups defined 
by MHT use by using the Cox regression model. The health 
examination date with the smallest difference between the 
cohort entry date (date of first MHT prescription or study start 
date) and the health screening date was taken as the start of 
follow-up and followed until the first stroke event, death, or 
study end date (December 31, 2015), whichever occurred 
first. Model 1 was adjusted for age, body mass index, smoking 
status, alcohol consumption, and exercise. Model 2 was ad-
justed for Model 1 variables plus hypertension, diabetes, hy-
percholesterolemia, aspirin use, and statin use. Model 3 was 
adjusted for newly developed AF after MHT use in addition to 
the covariates used in Model 2. All covariates were based on 
the health screening date with the smallest difference between 
the health screening dates. We repeated the main analysis to 
assess the risk of stroke by MHT type among current MHT us-
ers and never users, and past MHT users and never users. All 
statistical analyses were performed using SAS Enterprise 
Guide® (SAS Institute Inc., Cary, NC, USA). All tests were two-
tailed, with p<0.05 considered significant.

RESULTS

Characteristics of the study population and MHT 
treatment
Table 1 provides a summary of the demographic characteris-
tics of the participants and the information related to the MHT 
they received. In the overall population, 16915 (88.77%) women 
had never undergone MHT, 1437 (7.54%) had previously un-
dergone MHT, and 703 (3.69%) were currently using MHT. 
Within MHT ever users, 290 (13.55%) women were adminis-
tered E-only, 712 (33.27%) women received E+P, and 1138 
(53.18%) women were given tibolone.

At the baseline, the mean age was 51.12±4.29 years for MHT 
never users, which was significantly higher than that of MHT 
current users (48.27±3.18 years). The mean follow-up periods 
were 11.74±1.34 years, 7.86±2.53 years, and 5.84±2.89 years for 
MHT never, past, and current users, respectively. Among MHT 
users, the mean duration of MHT use was 3.71±2.28 years for 
current users and 2.55±1.50 years for past users. There were 
seven newly developed AF cases (1.00%) among the current 
users and 14 cases (0.97%) among the past users, which were 
not found to be significantly different when compared with 
the never users. 

Stroke and MHT use
Table 2 presents the IRs of ischemic stroke among never, past, 
and current users of MHT. Among the 626 participants with 
stroke, 584 were never users, 19 were past users, and 23 were 
current users. The crude IRs of ischemic stroke were 2.94 per 
1000 person-years, 1.68 per 1000 person-years, and 5.60 per 
1000 person-years for never, past, and current users, respectively.
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The HR of ischemic stroke was also significantly higher in 
current MHT users (HR of 2.98) with a 95% CI of 1.95–4.57 (p< 
0.001) after adjusting for baseline characteristics such as age, 
body mass index, and lifestyle factors (model 1). Consistent 
results were observed after adjustment for underlying diseas-
es and medications (model 2) and newly developed AF after 
MHT use (model 3). In past users, the stroke risk was not differ-
ent from that in never users, even after adjusting for confound-
ing factors.  

Stroke in MHT current users 
Table 3 shows the IRs and multivariable-adjusted HRs of isch-

emic stroke according to the MHT type for current users. The 
IRs of ischemic stroke in current users of E-only MHT, E+P 
MHT, and tibolone were significantly higher than those in never 
users. Meanwhile, the HRs of ischemic stroke in current users 
of E-only MHT (model 3, HR: 3.49, 95% CI: 1.12–10.90, p=0.032) 
and tibolone (model 3, HR: 3,52, 95% CI: 2.05–6.03, p<0.001) 
were significantly higher than that of never users, and the HR 
of E+P current users was higher than that of never users at the 
borderline level (model 3, HR: 2.20, 95% CI: 0.98–4.94, p=0.057). 

A subgroup analysis was conducted based on estrogen type 
(Table 4). The HRs of ischemic stroke in current users of E2 
alone (model 3, HR: 4.08, 95% CI: 1.31–12.77, p=0.016) and ti-

Table 1. Characteristics of Ischemic Stroke Cohort and Information of MHT Treatment

Total (n=19055) Never users (n=16915) Past users (n=1437) Current users (n=703) p value
Mean follow-up period (yr) 11.23±2.13 11.74±1.34 7.86±2.53 5.84±2.89 <0.001
Age (yr) 50.87±4.26 51.12±4.29 49.26±3.47 48.27±3.18 <0.001
BMI (kg/m2) 23.92±3.03 24.02±3.06 23.21±2.65 22.84±2.60 <0.001
Obesity 6325 (33.19) 5842 (34.54) 350 (24.36) 133 (18.92) <0.001
Height (cm) 155.45±5.16 155.37±5.18 156.06±5.02 155.95±4.93 <0.001
Weight (kg) 57.81±7.86 58.01±7.95 56.53±6.93 55.57±6.83 <0.001
SBP (mm Hg) 122.90±17.35 123.29±17.55 120.08±15.73 119.28±14.47 <0.001
DBP (mm Hg) 76.84±11.50 77.11±11.61 74.94±10.60 74.34±9.79 <0.001
Total cholesterol (mg/dL) 203.86±60.45 204.34±62.72 200.87±38.42 198.55±36.35 0.002
HTN 7179 (37.68) 6599 (39.01) 411 (28.60) 169 (24.04) <0.001
Diabetes 2291 (12.02) 2116 (12.51) 118 (8.21) 57 (8.11) <0.001
HCL 2877 (15.10) 2599 (15.37) 197 (13.71) 81 (11.52) 0.006
Statin use at baseline 262 (1.37) 154 (0.91) 64 (4.45) 44 (6.26) <0.001
Newly developed AF after baseline 221 (1.16) 200 (1.18) 14 (0.97) 7 (1.00) 0.715
MHT <0.001

E-only 290 (1.52) - 214 (14.89) 76 (10.81)
E+P 712 (3.74) - 470 (32.71) 242 (34.42)
Tibolone 1138 (5.97) - 753 (52.40) 385 (54.77)
Never  16915 (88.77) 16915 (100) - -

Mean duration of MHT use (yr) 2.50±1.98 - 2.55±1.50 3.71±2.28 <0.001
Smoking 0.001

Current  469 (2.46) 400 (2.36) 48 (3.34) 21 (2.99)
Former  194 (1.02) 155 (0.92) 24 (1.67) 15 (2.13)
Never  18392 (96.52) 16360 (96.72) 1365 (94.99) 667 (94.88)

Alcohol consumption <0.001
Rarely/never  17456 (91.61) 15687 (92.74) 1192 (82.95) 577 (82.08)
1–2 drinks/week 1212 (6.36) 908 (5.37) 205 (14.27) 99 (14.08)
3–4 drinks/week  241 (1.28) 191 (1.13) 30 (2.09) 20 (2.84)
>5 drinks/week  146 (0.77) 129 (0.76) 10 (0.70) 7 (1.00)

Exercise <0.001
Rarely/never  11074 (58.12) 10255 (60.63) 593 (41.27) 226 (32.15)
1–2 times/week  3994 (20.96) 3291 (19.46) 445 (30.97) 258 (36.70)
3–4 times/week  2073 (10.88) 1644 (9.72) 270 (18.79) 159 (22.62)
5–6 times/week  573 (3.01) 473 (2.80) 63 (4.38) 37 (5.26)
7 times/week  1341 (7.04) 1252 (7.40) 66 (4.59) 23 (3.27)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HTN, hypertension; AF, atrial fibrillation; MHT, menopausal hormone therapy; 
E, estrogen; P, progestin; HCL, hypercholesterolemia.
Data are presented as mean±standard deviation or n (%).
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bolone (model 3, HR: 3.52, 95% CI: 2.06–6.03, p<0.001) were 
higher than that of never users, and the HR of E2+P MHT us-
ers tended to be higher than that of never users (model 3, HR: 
2.20, 95% CI: 0.98–4.94, p=0.057). Among those who were ad-
ministered only estrogen, 13 women underwent CEE and none 
of them experienced an ischemic stroke, making it impossible 
to calculate the outcome. 

Stroke in MHT past users 
For past users, the risk of ischemic stroke was not significantly 
different from that of never users. Consistent results were ob-
tained after analyses according to the type of estrogen and 
whether or not progestin was co-administered (Table 5 and 
Supplementary Table 2, only online). A limited number of 
women received transdermal E2 (n=3) and CEE+P (n=4), and 

no estimates were generated for stroke risk.

DISCUSSION

This study demonstrated that current MHT use was associat-
ed with an increased risk of ischemic stroke and TIA in women 
aged 45–60 years without underlying cardiovascular diseases. 
An increased risk of ischemic stroke was observed in E-only 
MHT and tibolone particularly. On the contrary, previous use 
of MHT was not associated with an increased risk of ischemic 
stroke. 

The main finding of this study partially agrees with findings of 
previous studies. The results of the Nurses’ Health Study showed 
an increased risk of stroke when MHT was used <10 years from 

Table 2. Risk of Ischemic Stroke According to MHT Use

MHT use
Total (n=19055) Never (n=16915) Past (n=1437) Current (n=703)

Number of ischemic stroke cases 626 584 19 23
Person-years 214040.53 198644.31 11288.53 4107.7
Incidence rate* (95% CI) 2.92 (2.70–3.16) 2.94 (2.71–3.19) 1.68 (1.07–2.64) 5.60 (3.73–8.42)
Age-adjusted incidence rate* (95% CI) 2.90 (2.89–2.92) 2.95 (2.93–2.96) 1.63 (1.6–1.67) 5.38 (5.27–5.5)

Age-adjusted HR (95% CI) 1.00 (reference) 0.71 (0.45–1.12) 2.75 (1.80–4.20)
p=0.140 p<0.001

Model 1† 0.74 (0.47–1.18) 2.98 (1.95–4.57)
p=0.202 p<0.001

Model 2‡ 0.78 (0.49–1.24) 3.06 (2.00–4.69)
p=0.301 p<0.001

Model 3§ 0.79 (0.50–1.25) 3.09 (2.01–4.73)
p=0.307 p<0.001

MHT, menopausal hormone therapy; CI, confidence interval; HR, hazard ratio.
*Per 1000 patient-years; †Model 1: Adjusted for age, body mass index, smoking status, alcohol consumption, and exercise; ‡Model 2: Additionally adjusted for 
hypertension, diabetes, hypercholesterolemia, aspirin use, and statin use; §Model 3: Additionally adjusted for newly developed atrial fibrillation after MHT use.

Table 3. Ischemic Stroke Risk According to the Type of MHT in Current Users

MHT type (current users)
Total (n=17618) None (n=16915) E-only (n=76) E+P (n=242) Tibolone (n=385)

Number of ischemic stroke cases 607 584 3 6 14
Person-years 202752.01 198644.31 456.81 1480.35 2170.53
Incidence rate* (95% CI) 2.99 (2.77–3.24) 2.94 (2.71–3.19) 6.57 (2.13–20.29) 4.05 (1.82–9.01) 6.45 (3.83–10.87)
Age-adjusted incidence rate* (95% CI) 2.99 (2.97–3.00) 2.95 (2.93–2.96) 6.26 (5.89–6.63) 4.00 (3.83–4.17) 6.15 (5.98–6.32)

Age-adjusted HR (95% CI) 1.00 (reference) 3.17 (1.02–9.89) 2.04 (0.91–4.58) 3.07 (1.80–5.25)
p=0.047 p=0.084 p<0.001

Model 1† 3.37 (1.08–10.52) 2.16 (0.96–4.86) 3.35 (1.95–5.73)
p=0.037 p=0.063 p<0.001

Model 2‡ 3.38 (1.08–10.58) 2.22 (1.00–5.00) 3.45 (2.01–5.91)
p=0.036 p=0.054 p<0.001

Model 3§ 3.49 (1.12–10.90) 2.20 (0.98–4.94) 3.52 (2.05–6.03)
p=0.032 p=0.057 p<0.001

MHT, menopausal hormone therapy; E, estrogen; P, progestin; CI, confidence interval; HR, hazard ratio.
*Per 1000 patient-years; †Model 1: Adjusted for age, body mass index, smoking status, alcohol consumption, and exercise; ‡Model 2: Additionally adjusted for 
hypertension, diabetes, hypercholesterolemia, aspirin use, and statin use; §Model 3: Additionally adjusted for newly developed atrial fibrillation after MHT use.
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menopause, which is consistent with the findings of the cur-
rent research.13 However, a pooled analysis of Swedish cohort 
studies reported different results, stating that when initiated 
<5 years, MHT was not associated with an increased risk of in-
cident ischemic stroke after menopausal onset, regardless of 
the route of administration, type of MHT, active ingredient, and 
duration.9 

The results of the WHI study revealed conflicting findings 
regarding the relationship between MHT and stroke risk. Ac-
cording to the latest report from the WHI, a subgroup analysis 
of women assigned to the MHT arm in their 50s found no sig-
nificant increase in stroke risk, with a HR of 1.13 (95% CI: 0.73–
1.76).12 In contrast, an increased risk of stroke was observed in 

women who initiated MHT within 10 years of menopause, re-
gardless of the type of MHT used, with an HR of 1.77 (95% CI: 
1.05–2.98). In the WHI extension study, with a follow-up peri-
od of 10.7 years, the risk of stroke was no longer elevated dur-
ing the post-intervention phase in the estrogen-only trial (HR: 
0.89, 95% CI: 0.64–1.24). This finding is consistent with the re-
sults of the current study, which demonstrate no increased 
stroke risk among former MHT users. 

Several factors could account for the discrepancy between the 
results of the current study and those of other studies, particu-
larly the WHI study. These factors may include the differences 
in study design, composition of the study population, analysis 
methods, variations in the duration of MHT, specific types of 

Table 4. Ischemic Stroke Risk in MHT Current Users According to Estrogen Type and Progestin Co-Treatment

MHT regimen (current users)
Total

(n=17618)
None 

(n=16915)
CEE 

(n=13)
E2 

(n=63)
Trans-dermal 

E2 (n=0)
CEE+P 
(n=0)

E2+P 
(n=242)

Tibolone 
(n=385)

Number of ischemic stroke cases 607 584 0 3 - - 6 14
Person-years 202752.01 198644.31 53.70 403.11 1480.35 2170.53
Incidence rate* (95% CI) 2.99 (2.77–3.24) 2.94 (2.71–3.19) - 7.44 (2.41–22.98) 4.05 (1.82–9.01) 6.45 (3.83–10.87)
Age-adjusted incidence rate*  
  (95% CI)

2.99 (2.97–3.00) 2.95 (2.93–2.96) 7.01 (6.60–7.43) 4.0 (3.83–4.17) 6.15 (5.98–6.32)

Age-adjusted HR (95% CI) 1.00 (reference) 3.63 (1.16–11.31) 2.04 (0.91–4.58) 3.07 (1.80–5.25)
p=0.026 p=0.084 p<0.001

Model 1† 3.87 (1.24–12.09) 2.16 (0.96–4.86) 3.35 (1.95–5.73)
p=0.020 p=0.063 p<0.001

Model 2‡ 3.97 (1.27–12.41) 2.22 (0.99–5.00) 3.45 (2.01–5.91)
p=0.018 p=0.054 p<0.001

Model 3§ 4.08 (1.31–12.77) 2.20 (0.98–4.94) 3.52 (2.06–6.03)
p=0.016 p=0.057 p<0.001

MHT, hormone replacement therapy; CEE, conjugated equine estrogen; E2, estradiol; P, progestin; CI, confidence interval; HR, hazard ratio.
*Per 1000 patient-years; †Model 1: Adjusted for age, body mass index, smoking status, alcohol consumption, and exercise; ‡Model 2: Additionally adjusted for 
hypertension, diabetes, hypercholesterolemia, aspirin use, and statin use; §Model 3: Additionally adjusted for newly developed atrial fibrillation after MHT use.

Table 5. Ischemic Stroke Risk According to the Type of MHT in Past Users

MHT type (past users)
Total (n=18352) None (n=16915) E-only (n=214) E+P (n=470) Tibolone (n=753)

Number of ischemic stroke cases 603 584 1 6 12
Person-years 209932.84 198644.31 1798.43 3598.26 5891.84
Incidence rate* (95% CI) 2.87 (2.65–3.11) 2.94 (2.71–3.19) 0.56 (0.08–3.95) 1.67 (0.75–3.71) 2.04 (1.16–3.58)
Age-adjusted incidence rate* (95% CI) 2.86 (2.85–2.88) 2.95 (2.93–2.96) 0.5 (0.45–0.55) 1.72 (1.65–1.79) 1.91 (1.85–1.97)

Age-adjusted HR (95% CI) 1.00 (reference) 0.23 (0.03–1.61) 0.80 (0.36–1.78) 0.81 (0.46–1.44)
p=0.1382 p=0.578 p=0.480

Model 1† 0.23 (0.03–1.66) 0.83 (0.37–1.86) 0.85 (0.48–1.51)
p=0.150 p=0.649 p=0.583

Model 2‡ 0.26 (0.04–1.85) 0.91 (0.41–2.05) 0.88 (0.50–1.56)
p=0.179 p=0.824 p=0.661

Model 3§ 0.26 (0.04–1.85) 0.92 (0.41–2.07) 0.88 (0.50–1.56)
p=0.179 p=0.843 p=0.663

MHT, menopausal hormone therapy; E, estrogen; P, progestin; CI, confidence interval; HR, hazard ratio.
*Per 1000 patient-years; †Model 1: Adjusted for age, body mass index, smoking status, alcohol consumption, and exercise; ‡Model 2: Additionally adjusted for 
hypertension, diabetes, hypercholesterolemia, aspirin use, and statin use; §Model 3: Additionally adjusted for newly developed A-fib after MHT use.
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hormones used, and other potential confounding variables. 
In addition to enrolling women who had not undergone 

MHT, the WHI study included participants who had previous-
ly undergone MHT, some of whom (past users) were random-
ly assigned to the placebo group. In the E-only trial, approxi-
mately 48.9% of the placebo group comprised women who were 
using or had previously used MHT.7 Similarly, in the E+P trial, 
approximately 25.7% of the patients in the placebo group had 
a history of MHT administration.6 These proportions highlight 
the complexity of the study population and can affect the in-
terpretation of the results.

It is also essential to consider the intention-to-treat analysis 
conducted during the WHI trial. In this analysis, even if a stroke 
occurred after stopping the MHT following assignment to the 
MHT group, it was still counted as a stroke in the MHT group. 
This analysis method could have contributed to the differences 
observed between the results of the WHI and those of observa-
tional studies, including the current study. 

Determining the appropriate follow-up period is a challeng-
ing aspect of research investigating the association between 
MHT and stroke. While long-term data have been published on 
MHT and CHD,20-22 data on stroke are relatively limited. It is 
crucial to consider the duration of the follow-up period, as the 
findings may vary over time due to the lag time effect. Although 
WHI (1998) (E+P arm) reported no statistically significant dif-
ferences between groups in the incidence of stroke during the 
first 2 years of the study,3 women taking E+P MHT were ob-
served to be at significantly higher risk of stroke after taking 
MHT for 3 or more years [at 3 years, relative risk (RR): 1.47, 95% 
CI: 1.02–2.11; at a mean of 5.6 years: HR: 1.44, 95% CI: 1.09–
1.90].6 In an observational study that included the WHI cohort,23 
the use of MHT within 5 years after menopause in women who 
had never used MHT before was found to significantly increase 
stroke risk, but this risk was observed only when MHT was tak-
en for more than 5 years (CEE-only group, HR: 2.46, 95% CI: 
1.29–4.70; and CEE+ MPA group, HR: 3.48, 95% CI: 1.36–8.96). 
These results indicate that a follow-up period of at least 5 years 
is necessary to observe the association between MHT and 
stroke risk.

As mentioned above, cardiovascular risk can be influenced 
by the formulation and dose. An increased risk of stroke with an 
increasing dose of estrogen was reported in the Nurses’ Health 
Study.13 In the Nurses’ Health Study, a significantly increased 
stroke risk was demonstrated in women who were adminis-
tered E-only MHT, whereas in women who used E+P MHT, the 
risk of stroke increased to a borderline level (RR: 1.22, 95% CI: 
0.95–1.55). Similarly, the risk of ischemic stroke in the E+P MHT 
group appeared at a borderline level (HR: 2.20, 95% CI: 0.98–
4.94, p=0.057) in the current study. Based on the results of these 
two studies, it appears that progestin may mitigate the action 
of estrogen; however, the biological effects of progestins on the 
cardiovascular system are not as well understood as those of 
estrogen. Another plausible explanation is that MHT with pro-

gestins influences the overall stroke risk by reducing the risk 
of AF. While only a limited number of studies have confirmed 
the association between MHT and AF, two large-scale studies 
have reported that E-only MHT is associated with an increased 
risk of AF, whereas E+P MHT does not increase AF risk.24,25

The variance in the results from the WHI and Swedish pooled 
analysis could potentially be attributed to the utilization of dif-
ferent MHT regimens among the women included in this study. 
The current study observed a higher proportion of women uti-
lizing E2+P, instead of CEE+P, and tibolone compared to other 
studies. In the LIFT trial, which involved randomizing 4538 
women aged between 60 and 85 years, the use of tibolone was 
associated with an increased risk of stroke (relative hazard: 2.19, 
95% CI: 1.14–4.23, p=0.02).26 Although the results are similar to 
those of this study, the LIFT trial focused on older women, mak-
ing it inappropriate to directly compare with the current study, 
which involved only women who initiated MHT before the 
age of 60 years. In the LIBERATE trial, which included women 
younger than 60 years old, only five stroke cases were report-
ed in both the tibolone and placebo groups (odds ratio: 0.99, 
95% CI: 0.29–3.42), which contradicts the results of this study. 
However, it is important to note that the LIBERATE trial had a 
relatively short follow-up period, with a median duration of 
3.1 years.27 

In the current study, while the stroke risk showed a border-
line increase in women currently receiving E+P MHT, a signif-
icant increase in stroke risk was observed among tibolone us-
ers. Progestins differ in their glucocorticoid, mineralocorticoid, 
and androgenic properties, and tibolone, in particular, metab-
olizes into compounds with estrogenic, progestogenic, and 
androgenic activity, showing affinity for both glucocorticoid 
and mineralocorticoid receptors. The co-administration of dif-
ferent types of progestins may significantly increase stroke risk 
or have no effect, depending on the specific progestin used. 
Further research is required to determine which progestin poses 
the lowest risk for stroke.

The strength of this study lies in its long-term follow-up of a 
large number of patients. This study included 19055 women 
who were followed up for a mean of 11.23 years. Among these 
participants, 2140 MHT users were followed up for a mean of 
7.20 years. As MHT is typically recommended for use in women 
under the age of 60 years or within 10 years of menopause, the 
results of this study are more applicable to the target popula-
tion compared to those of the WHI study, which included a 
substantial number of older women with various underlying 
health conditions. 

Another strength of this study is the comprehensive consid-
eration of various variables in the analyses. Specifically, AF was 
used as a correction variable and analyzed since it is one of the 
most important factors contributing to stroke risk. Although 
most studies have shown consistent results regarding the as-
sociation between MHT and coronary artery disease, the link 
between MHT and stroke remains unclear. We hypothesized 
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that AF could influence variability in the results. Stroke and 
CHD share a common mechanism known as atherosclerosis. 
However, it is important to note that 20% of ischemic strokes 
are attributable to AF rather than atherosclerosis,28,29 which 
may lead to different results in CHD. As mentioned previously, 
studies have reported that MHT increases the risk of incidental 
AF. As an increase in AF due to MHT could potentially increase 
the risk of stroke, this study considered these factors and con-
ducted a thorough analysis. 

Despite its intention, this study included a small number of 
women using various forms of MHT, which proved to be a lim-
itation. There were only three women who had used transder-
mal E2 and four women who received the CEE+P regimen 
among the E+P MHT. Due to this limitation, the original pur-
pose of the study, which aimed to evaluate whether the route 
of MHT administration affected the risk of stroke, could not be 
fully achieved.

Another limitation of this study is that the follow-up period 
for MHT current users was only 5.84±2.89 years. As mentioned 
above, based on previous studies, a follow-up period of at least 
5 years seems to be necessary to observe the association be-
tween MHT and stroke risk due to the lag time effect. Given the 
scarcity of studies examining the effects of long-term MHT use 
for durations exceeding 10 years, it is currently difficult to de-
termine the overall effect of MHT on stroke risk. Although the 
follow-up period of this study was 11.36±1.93 years, assessing 
the long-term risk of MHT for stroke was challenging due to the 
considerably shorter observation period for MHT ever users, 
excluding never users, with a mean follow-up of 7.27 years. 

In conclusion, an increased risk of ischemic stroke and TIA 
was observed in women aged 45 to 60 years who are currently 
receiving MHT and have no underlying cardiovascular diseases. 
In particular, the risk was higher in women who were orally ad-
ministered E-only MHT or tibolone. Therefore, for women who 
have not undergone hysterectomy, E+P MHT may be recom-
mended rather than tibolone. Considering the risk was not sus-
tained after stopping MHT, it is plausible that the potential ben-
efits of prescribing MHT could outweigh the associated risks, 
particularly for women who have clear and well-defined medi-
cal indications for its use. These results were obtained from 
Korean women aged 45–60 years who did not use CEE-only or 
CEE+P agents, which are commonly used abroad. This should 
be taken into consideration when applying these findings in 
clinical practice.
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