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Abstract

Aims Women with menopausal symptoms show evidence of accelerated epigenetic ageing, vascular aging and low-grade
systemic inflammation status. However, data are limited regarding menopausal symptoms and risk of heart failure (HF). We
aimed to explore the impact of menopausal symptoms on risk of HF.

Methods We included 14 340 symptomatic menopausal women without a history of coronary heart disease (CHD) or HF
from the Taiwan National Health Insurance Research Database as the experimental cohort. We included 14 340 asymptom-
atic women matched for age and comorbidities as controls. We surveyed possible comorbidity-attributable risks of HF and
assessed whether menopausal symptoms play a role in risk of HF. Additional analyses were conducted to ascertain the
association of CHD and HF in different risk factor burdens categories in both cohorts and CHD was applied as a sensitivity
analysis.

Results The incidence of HF was not significantly lower in the experimental than in the control cohort (4.87 vs. 5.06 per 1000
person-years, P = 0.336). Participants with a higher comorbidity burden had a proportionally increased risk of HF and CHD in
both cohorts. The burden of risk factors had a greater impact on risk of HF in the control than in the experimental cohort (>five
risk factors, adjusted hazard ratio 25.69 vs. 14.75). Participants undergoing hormone therapy had no significant effect on the
risk of HF, regardless of the presence or absence of menopausal symptoms. Subgroup analysis revealed that compared with
the control cohort, the risk of HF in the experimental cohort did not increase significantly in all subgroups.

Conclusions Menopausal symptoms were associated with CHD risk but not with risk of HF. Traditional risk factors rather
than menopausal symptoms play important roles in the HF risk among middle-aged women.
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Introduction risk of new-onset depressive or anxiety disorders in later life.®

Furthermore, women with menopausal symptoms show evi-

The menopause transition is a period of reproductive ageing
that occurs directly before the onset of many chronic
diseases.> Menopause symptoms (mainly hot flushes and
vasomotor symptoms) have been linked to adverse health
indicators, including cardiovascular disease (CVD) risk,>™
diabetes,” hypertension,® lower bone density” and increased

dence of accelerated epigenetic ageing in the Women’s
Health Initiative (WHI) study,® and these women had associ-
ated vascular ageing™® and low-grade systemic inflammation
status.’* Thus, menopause can be conceptualized as a time
of accelerated biologic ageing beyond chronologic ageing
alone.*?
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Heart failure (HF) is a global problem affecting around 26
million people worldwide, and the HF prevalence increases
substantially with ageing in both sexes, particularly among
patients age >64 years. Furthermore, older women are at
greater risk than men, with a notably higher incidence of
heart failure with preserved ejection fraction (HFpEF) in post-
menopausal women.'* Management of HFpEF is challenging
because effective evidence-based treatments for HFpEF are
lacking.** Most treatments for HFpEF are aimed at risk factors
and comorbidities.*® Established risk factors for HF, including
hypertension, diabetes and obesity, are common in both
sexes, but many of these risk factors convey a differential
risk in women as compared with men.*® Menopausal symp-
toms may be a sex-specific risk factor unique to women.
We postulated that women with severe menopausal symp-
toms might be regarded as having more profound biological
ageing signals than those without menopausal symptoms.
Our previous study indicated that menopausal symptoms
are significantly associated with coronary heart disease
(CHD).Y” However, it remains unknown whether the pres-
ence of menopausal symptoms can predict clinical HF events
or is explained by comorbidity-attributable risk burden. We
used the same dataset as in our previous work and explored
the possible comorbidity-attributable risk burden to investi-
gate the impact of menopausal symptoms on the risk of
HF, which is a different approach method compared with
our previous work. Additional analyses were conducted to
ascertain the association of CHD in different risk factor
burdens categories and was applied as a sensitivity analysis.
In addition, we aimed to explore which comorbidity-
attributable risk is most crucial for Asian postmenopausal
women with HF.

Figure 1 Study flow chart.

Methods
Data source

Our study data were retrieved from the Taiwan National
Health Insurance Research Database (NHIRD). The NHIRD
contains the claims data of all insurants of Taiwan’s National
Health Insurance (NHI) programme, which provides coverage
to 99% of the population of Taiwan. The diagnostic codes for
identifying diseases in the NHIRD are based on the Interna-
tional Classification of Diseases, Ninth Revision, Clinical Mod-
ification (ICD-9-CM). All personal identifiers were encrypted
by the NHI Administration prior to study commencement.
The database contains healthcare information including
birth date, sex, prescription drugs, medical procedures and
diagnostic codes. This investigation is a retrospective
database-based study, with no clinical data available. This
study was exempt from full review and was approved by
the Institutional Review Board of Changhua Christian Hospital
(approval number 170411). The requirement for informed
consent was waived.

Study population

A cohort of approximately 1 000 000 patients over the period
1996-2013 was randomly sampled from the NHIRD. A total of
41516 women with menopausal symptoms were selected
(with diagnostic code ICD-9-CM 627.2—Symptomatic meno-
pausal or female climacteric states). All the selected subjects
met the following conditions: The diagnosis of symptomatic
menopause (diagnostic code ICD-9-CM 627.2) was performed
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by a gynaecologist. Subjects must receive at least three out-
patient diagnosis of ICD-9-CM 627.2 within 1 year. We used
a 4-year look-back period (1996-1999) to identify women
with newly diagnosed symptomatic menopausal transition
by excluding pre-existing diagnoses (Figure 1). We excluded
11 567 women with a symptomatic menopausal transition di-
agnosis during the look-back period. The index date (enrol-
ment date) was defined as the first date when an eligible
woman was diagnosed with symptomatic menopause using
diagnostic code ICD-9-CM 627.2. This date was also assigned
to the matched comparison participants as the date of entry
into the study. We excluded patients with CHD, HF, breast
cancer or oophorectomy before the index date; those aged
<40 or >100 vyears; those with incomplete demographic
data; and those who did not survive for >30 days after re-
ceiving a diagnosis of symptomatic menopause. The control
cohort comprised patients without a history of CHD, HF,
breast cancer, oophorectomy or menopausal symptoms be-
fore the index date. The control cohort was selected using
1:1 propensity score matching. A flow chart of the cohort se-
lection process is presented in Figure 1. To balance the mea-
sured covariates between the two study cohorts, we
calculated the propensity score using multivariate logistic re-
gression to predict the likelihood of menopausal symptoms
for each patient. For each patient with menopausal symp-
toms, one control without menopausal symptoms was se-
lected with matching by age, calendar year of index date
and propensity score. We used the nearest-neighbour algo-
rithm with a caliper of 0.1 standard deviation (SD) units to
generate matched pairs. Details of the propensity score
model are described in our previous work.*’

Outcome measures and potential risk factors

The primary outcome was the development of HF following
the index date. We examined ICD-9-CM codes in the patients’
records to determine outcomes and comorbidities. Both the
symptomatic menopausal and control cohorts were followed
up from the date of study enrolment to the date of the
first occurrence of HF, date of withdrawal from the NHI pro-
gramme or the end of 2013. The date of withdrawal from
the NHI programme has been recognized as an accurate and
reliable proxy for the date of death in Taiwan.'® HF were iden-
tified on the basis of the diagnostic code (ICD-9-CM 428.0)
recorded for at least three outpatient clinic visits or at least
one hospital admission. The mean follow-up period was
8.5 years (SD 4.7 years). Potential risk factors were defined
based on the previous literature,®® and the possible
comorbidity-attributable risks of cardiovascular disease were
surveyed. Risk factors were defined as age >65 years, monthly
income <TWD 25000, obesity, hypertension, diabetes
mellitus, hyperlipidaemia, stroke, chronic kidney disease, pe-
ripheral arterial occlusion disease, dysrhythmia and chronic

obstructive pulmonary disease. In this study, we used
monthly income calculated from the NHI premium as a proxy
for individual socio-economic status. Individuals were classi-
fied into three income groups: (1) low (<TWD 15840 per
month) and denoted as 0; (2) medium (TWD 15 840-TWD
25000 per month) and denoted as 1; and (3) high (>TWD
25000 per month) and denoted as 2. The classification was
based on the minimum monthly wage for the year 2006 in
Taiwan (TWD 15 840). According to data released in 2015 by
the Ministry of Labor in Taiwan, the average salary after grad-
uation was TWD 25 000. Furthermore, we analysed partici-
pants in both cohorts with variable risk factor burdens to
test whether a higher risk factor burden proportionally
increased the risk of HF.

Approximately estimate the menopausal
symptoms and proxy measures of symptomatic
menopause duration

From NHIRD, we cannot identify the menopausal symptoms
directly. We tried to approximately estimate the menopausal
symptoms by the symptomatic menopausal diagnosis with
corresponding medications. The surrogate indicator of
the duration of symptomatic menopause is based on the
length of time between the first and last symptomatic
menopause-related visits reported by the gynaecologist.

Statistical analysis

The demographic data and other clinically relevant data of
both cohorts are presented as proportion and mean + SD. A
standardized difference (StD) of more than 0.1 indicated sig-
nificant heterogeneity between the two cohorts. A Cox pro-
portional hazards model was used to estimate the relative
risk of HF in the symptomatic menopausal cohort and the con-
trol cohort. Adjusted hazard ratios (aHRs) were estimated
using multivariate Cox analysis, which was adjusted for con-
founders, namely, age, monthly income, comorbidities and
long-term medication use. Because comorbidities may not
only be present at baseline but may also develop during fol-
low-up, comorbidities were modelled using non-reversible
time-dependent binary covariates for event analyses. Deaths
prior to the development of HF were considered competing
risks. Therefore, we conducted competing risk survival analy-
sis using the Fine—Grey subdistribution hazards model. The as-
sociation of symptomatic menopausal transition with
subsequent development of HF was reported as subhazard ra-
tios (SHRs) and 95% confidence intervals (Cls). All statistical
analyses were performed using SAS 9.4 software (SAS
Institute Inc., Cary, NC, USA). Two-tailed P-values of <0.05
were considered statistically significant.

ESC Heart Failure 2021; 8: 3295-3307
DOI: 10.1002/ehf2.13480



C.-H. Huang et al.

3298

Jeuspe jesayduad ‘(@D) aseasip Asupny duoayd ‘ayous ‘elwsepidipadAy ‘snyjpw

"SUIUOW 9AIINIBSUOD € 3sed| Je 4o} uondudsaid Bnip se paulyeq,
(@d0OD) aseasip Areuownd dA13ONIISO dIUOIYD pue elwyAYIsAp ‘(QOVd) @5easip uoisn|p20

sa1aqelp ‘uoisuaadAy ‘A3saqo ‘000SZAML > dWodul ‘siedk G9< abe se paulap sem J01de) ysu Y],

100°0> 100°0> (%S2)€9 (%97'¥1)L6 (%261 1)002 (%16 L)rSE (%6€£7)207 (%€6°0)S17 4H
100°0> 100°0> (%1 £°S€)06 (%SS°0€)S0T (%87°92) i (%61'61)7.8 (%91°6)LESL (%8T€)8S 1 aHd
2Wwod1nQ
uoljeuiquod
orLo ¥SL°0 (%L6°€)0L (%Lt ¥)0E (%z0'9)L0L (%€8°5)19¢ (%95°S)€6 (%88'¥)S€T u1 suaboi1sa0 pue susabolsabold
100°0> 100°0> (%¥SL)61 (%92°9)2¥ (%80'9)Z01 (%li'S)Tre (%92°€)7€9 (%91 Y0l suaboyssboid
100°0> 100°0> (%11°11)8¢ (%¥6°8)09 (%€°6)95 1 (%60°L)LLE (%€1°6)798 (%t quf suaboisaQ
100°0> 100°0> (%89'¥1)LE (%98°€1)€6 (%8€°51)85¢ (%8T €165 (%10°L1)8¥81 (%L'8)61 Adessyy yuswade|dal jeuowioH
100°0> 100°0> (%2€'5€)68 (%LS oswm_ (%80°11)981 (%16°2)0€L (%8€°0)¥9 (%S1°0)L uneis
100°0> 100°0> (%S6°59) Ll (%8€€€) T (%St'91)9/C (%69'17)0LC (%97 0)7i (%80°0)7 sbnip onaqeiqg
100°0> 100°0> (%80°59)¥91 (%LLLS)LYE (%t8°£€)SE9 (%85°91)TvL (%CL7)9% (%St'7)81L uonedipaw Jejndsenolpied
4SUoneIIPaW 4O BN W)~ buo
6160 8780 (%t°09)LTL (%¥8 LY)LTE (%Z8'61)9€8 (%£9°08)£92C (%96°'61)88€8 (%¥8'61)L0¥T swoydwAs [esnedous|y
100°0> 100°0> (%€£°8)TT (%S1°L)8Y (%€6°€)99 (%SLE)LvlL (%61°0)2E (%0)0 elwymhyishg
100°0> 100°0> (%LED)LL (%6%°1)01 (%EL’ :m_ (%96°0)EV (%20 0)¥ (%0)0 aovd
100°0> 100°0> (%2S'v€)L8 (%90°22)8¥ L (%€0'91)69C (%€9°9L)vY (%S8'0)EVL (%0)0 adod
100°0> 100°0> (%eE€E)V8 (%S 9L)LLL (%£9°9)ZLL (%89°1)sL (%90°0)01 (%0)0 oS
100°0> 100°0> (%65°92)L9 (%LLL1)6L (%¥8°5)86 Ao\omm.wﬁo_ (%21°0)0C (%0)0 aseasip Asuppy d1uoayd
100°0> 100°0> (%L1°€)8 (%86° Nvom (%6£°1)0€ (%8°'0)9¢€ (%L et (%0)0 Aiseqo
100°0> 100°0> (%L1°8L)L61 (%SS'¥9)99¢€ @om.mum@ Ao\omm.@qu (%L€°0)29 (%0)0 snyjjow sa1aqelq
100°0> 100°0> (%YT0L)LLL (%90°€5)95¢€ (%L€££)929 (%T6°€1)€29 (%€9°0)901 (%0)0 elwaepidipadAy
100°0> 100°0> (%91'Z6)€EET (%S € ¥8)995 (%L17'89)61L L (%¥179€)L191 (%69°1)78C (%0)0 uolsuapadAH
aul|aseq 1e saiipigiowod
100°0> 100°0> (%¥0)L (%S2°0)s (%85°€)09 (%S9°5)€ST (%60°1%)989 (%001).18'% 4
100°0> 100°0> (%S6°0€)8L (%TL vE)EET (%99°££)T€9 (%8S6E)LLLL (%LE'SY)LL9L (%0)0 l
100°0> 100°0> (%S59°89)€L1L (%ESV9)EEY (%9£°85)986 (%9£'17S)0S17C (%¥5°05)S8778 (%0)0 0
(@LN) swoout AlyyuoN
100°0> 100°0> G658 ¥ 1299 €56 F ¥9°L9 906 F ¥6'8S 96'8 F €£°SS 99'% ¥ 98°0§ L€ F 9T 6V aby
414 129 8/91 vivy 88/91 L18Y azis s|dwes
puai-d anjen-4 S ¥ € 4 l 0

51010} 3jsU Jo JaquinN

uapJNg $1030e} dSU 0} BUIPIOIDE USWOM JO SD1IsLIDIdeIRYD duljdseg | d|geL

ESC Heart Failure 2021; 8: 3295-3307

DOI: 10.1002/ehf2.13480



Menopausal symptoms and risk of heart failure 3299

Results

P-value®

Baseline characteristics of women according to
risk factor burden

Model 4

Adj.HR (95% Cl)
Reference

0.916 (0.801,1.048) 0.2003

Table 1 lists the baseline demographic data of enrolled pa-
tients according to risk factor burden. The mean age of the
control vs. the experimental cohort was 52.2 + 6.71 vs.
52.22 + 6.59 years old. The mean age of patients in each risk
factor subgroup increased proportionally as the number of
risk factors increased. The monthly income status was in-
versely correlated with risk factor burden. The top three ma-
jor comorbidities were hypertension, hyperlipidaemia and
Type 2 diabetes mellitus. The incidence of CHD and HF was
proportionally increased with increased number of risk
factors.

P-value®
0.5689

Reference

Model 3
0.965 (0.853,1.092)

Adj.HR (95% CI)

Incidence and risk of HF in symptomatic
menopausal and control cohorts

P-value®
0.2994

Adj.HR, adjusted hazard ratio; Cl, confidence interval; HF, heart failure; HR, hazard ratio; PY, person-years; SM, symptomatic menopausal.

Model 1: Propensity score matched.

During the follow-up period, the number of HF events in
the control and symptomatic menopausal cohorts was
601 (4.83 per 1000 person-years) and 560 (4.47 per 1000
person-years), respectively (Table 2). Kaplan—Meier analysis
revealed that the cumulative incidence of HF was not sig-
nificantly different in the cohorts (log-rank test,
P = 0.336) (Figure 2). Four models were used to adjust
the risk of HF in the symptomatic menopausal cohort vs.
the control cohort (Table 2). In Model 1, after propensity
score matching, the risk of HF was insignificant (crude
HR = 0.945, 95% Cl = 0.842-1.06, P = 0.3356). In Model 2,
after propensity score adjustment, the risk of HF was non-
significantly different (aHR = 0.941, 95% Cl = 0.838-1.056,
P = 0.2994). In Model 3, after adjustment for all the con-
founders listed in Table 1, the risk of HF was non-signifi-
cantly different (aHR = 0.965, 95% Cl = 0.853-1.092,
P = 0.5689). In Model 4, which was the fully adjusted
model, the risk of HF remained non-significant after fully
adjusting the model (aHR = 0.916, 95% ClI = 0.801-1.048,
P = 0.2003).

Reference

Model 2
0.941 (0.838,1.056)

Adj.HR (95% CI)

P-value®

Model 1
HR (95% Cl)
Reference
0.945 (0.842,1.06) 0.3356

Incidence®

Relationship between risk factor burden and
incidence of CHD or HF among symptomatic
menopausal and control cohorts

PY
124552.32 4.83(4.44,5.21)

125145.98 4.47(4.1,4.85)

Event
560

The incidence of CHD in the symptomatic menopausal cohort
was significantly higher than in the control cohort for each risk
factor burden category (Figure 3A). However, the incidence of
HF in the control cohort was higher than in the symptomatic
menopausal cohort for each risk factor burden category
(Figure 3B). Participants with a higher multimorbidity burden

Model 3: Adjusted for all variables listed in Table 1. Table 1 variables include age, monthly income, comorbidities and long-term use of medications.

Model 4: Adjusted for all variables listed in Table 7, and comorbidities and medication use were time-dependent covariates.

Table 2 Incidence and risk of HF in symptomatic menopausal and control cohorts
*Per 1000 person-years. All analyses incorporated in regard to death as competing risks.

Model 2: Adjusted for propensity score.

Control cohort 601
SM cohort

HF

ESC Heart Failure 2021; 8: 3295-3307
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Figure 2 Cumulative incidence of HF in symptomatic menopausal and control cohorts.
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(greater number of risk factors) had a proportionally increased
risk of HF and CHD in both cohorts.

Impact of risk factor burden on the HF risk in both
cohorts

The accumulated number of risk factors showed greater im-
pacts on the risk of HF in the control cohort than in the
symptomatic menopausal cohort (>five risk factors, aHR
25.69 vs. 14.75). A magnitude of more than two risk

factors had a greater impact on risk of HF in the
control cohort than symptomatic menopausal cohort
(Table 3).

Hormone therapy and risk of HF

All patients who received hormone therapy did not increase
risk of HF (crude HR = 1.057, 95% Cl = 0.923-1.211,
P = 0.4203). These results were non-significant after adjust-
ment for the variables listed in Table 1, including age, sex,
monthly income, comorbidity and long-term medications
(aHR = 0.932, 95% CI = 0.796-1.092, P = 0.3822; Table 4).
Stratifying by with or without hormone therapy, aHRs for
HF in hormone users were 0.962 (95% Cl = 0.809-1.145,
P = 0.6651) and 0.836 (95% ClI = 0.535-1.308, P = 0.4335)

in the symptomatic menopausal and control cohorts,

respectively.

Subgroup analyses of the risk of HF between
symptomatic menopausal and control cohorts

Subgroup analyses were performed to determine the associ-
ation between symptomatic menopause and the risk of HF
for the age groups of <50 and > = 50 years, subgroups with
or without using medication focusing on beta blockers, angio-
tensin- converting enzyme inhibitors and angiotensin recep-
tor blockers in both cohorts. The results revealed that the
symptomatic menopausal cohort had not a significantly
higher risk of HF in all subgroups (Table 5).

Approximately estimate the menopausal
symptoms and duration of symptomatic
menopausal transition

We tried to approximately estimate the menopausal symp-
toms by the symptomatic menopausal diagnosis with corre-
sponding medications. It revealed that 88.7% subjects had
received hormone therapy, 76.4% had received anxiolytics
therapy, 28.1% had received beta-blocking agents, and
23.1% had received hypnotics (Table S1). This finding was

ESC Heart Failure 2021; 8: 3295-3307
DOI: 10.1002/ehf2.13480



Menopausal symptoms and risk of heart failure

3301

Figure 3 Relation between number of risk factors and incidence of CHD (A) or HF (B) among symptomatic menopausal cohort and control cohort.
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Discussion

P-value
0.4335

Menopausal symptoms have differential impacts
on the risks of CHD and HF

From NHIRD, we cannot identify the menopausal symptoms
directly. We tried to approximately estimate the menopausal
symptoms by the symptomatic menopausal diagnosis with
corresponding medications (Table SI). The results showed
that in our study, the top four drugs were hormone therapy,
followed by anxiolytic drugs, beta blockers and hypnotics.
This finding was in suggestive of the major menopausal symp-
toms such as vasomotor symptoms, hot flashes, anxiety and
insomnia in our study group. The main finding of our study
clearly pointed out that menopausal symptoms have differ-
ential impacts on the risks of CHD and HF (Figure 3). We
aimed to provide a potential explanation for this discrepancy,
but further trials are needed. This discrepancy is probably
owing to women with menopausal symptoms having associ-
ated low-grade systemic inflammation status.'® Vascular in-
flammation underlies the pathogenesis of atherosclerosis.
Low-grade inflammation has been shown to be involved in
the atherosclerotic process owing to endothelial
dysfunction.?® Oestrogen exerts anti-inflammatory effects
on the vasculature through different mechanisms such as di-
rect antioxidant effects, generation of nitric oxide, prevention
of apoptosis in vascular cells and suppression of cytokines
and the renin—angiotensin system.?%?? Vascular dysfunction,
including arterial stiffness and endothelial dysfunction, is as-
sociated with greater frequency and severity of menopausal
symptoms across the stages of menopause.'® Our finding
supports the notion that low-grade systemic inflammation
alone may trigger atherosclerotic changes in the vasculature.

However, low-grade systemic inflammation (like meno-
pausal symptoms) alone would not increase the risk of HF in
postmenopausal women. HF in postmenopausal women
mainly presents as HFpEF,*>%3?* which is a distinct pheno-
type—the so-called inflammatory-metabolic phenotype. It is
characterized by biomarkers of inflammation and a broad
range of adipogenic metabolic and hormonal disorders, ac-
companied by epicardial adipose tissue expansion and inflam-
mation, which will increase the risk of HFpEF. Systemic
inflammation and abnormal fat metabolism can cause inflam-
mation of adipose tissue (if epicardial fat or intramyocardial
lipids are involved), which may amplify systemic processes
and concentrate them on the myocardium, thereby exacer-
bating cardiac inflammation and coronary microvascular en-
dothelial dysfunction. As a result, it impairs the distensibility
of the left ventricle and causes cardiac fibrosis. These are
the characteristics of inflammatory-metabolic HFpEF.%*
The above hypotheses have been well reviewed by Packer
et al.?®> This highlights that HFpEF is a complex and
multifactorial pathophysiology, probably systemic, and

Control cohort patient

aHR (95% ClI)
0.836(0.535,1.308)

P-value

aHR (95% ClI)
0.6651

Symptomatic menopausal cohort patients

P-value
0.3822 0.962(0.809,1.145)

All patients
aHR (95% Cl)
0.932(0.796,1.092)

P-value
0.4203

cHR (95% CI)
1.057(0.923,1.211)

HF, heart failure; HT, hormone therapy.

Adjusted for all variables listed in Table 1, comorbidities and medication use were time-dependent covariates.

Table 4 Hormone therapy and risk of HF

Control
HT user

HF
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Table 5 Subgroup analyses of the risk of HF in symptomatic menopausal and control cohorts

Subjects without MS Subjects with MS

Compared with control group

Subgroup N Event N Event cHR (95% Cl) P-value aHR (95% ClI) P-value
Age, years
<50 6274 114 6094 100 0.923(0.705,1.207) 0.5572 0.803(0.589,1.096) 0.1675
> =50 8066 487 8246 460 0.933(0.822,1.06) 0.2878 0.946(0.816,1.096) 0.4598
ACEI/ARB
Non-user 13841 52 13847 506 0.965(0.855,1.09) 0.5705 0.94(0.815,1.083) 0.3911
User 499 69 493 54 0.791(0.554,1.129) 0.1963 0.76(0.509,1.134) 0.1792
Beta blocker
Non-user 13571 530 13455 479 0.887(0.767,1.025) 0.1032 0.926(0.818,1.047) 0.2192
User 769 71 885 81 0.987(0.718,1.357) 0.9355 1.077(0.738,1.572) 0.6991

ACEI, angiotensin- converting enzyme inhibitors; ARB, angiotensin receptor blockers; HF, heart failure; MS, menopausal symptoms.

clinically heterogeneous and is associated with frequent mul-
tiple chronic comorbidities and multiorgan involvement.?® In
our study, the inflammatory burden of participants with tradi-
tional risk factors like hypertension, diabetes, metabolic syn-
drome or obesity, among other chronic adipogenic
metabolic disorders, outweighed the burden of women with
menopausal symptoms alone (low-grade systemic inflamma-
tion). Therefore, menopausal symptoms may not increase
the risk of HF in postmenopausal women with comorbidities.
Our findings underscore the importance of traditional risk fac-
tor control among perimenopausal women and highlight the
need for intervention strategies to address the inflammatory
triggers of HF.

The incidence of CHD was higher than HF over the
time

Another interesting question was that why the higher inci-
dence of CHD in symptomatic women did not lead to a
higher incidence of HF over the time in this cohort. In our
study, the incidence of HF in the symptomatic menopausal
cohort was 4.47 per 1000 person-years, and the incidence
of CHD was 17.18 per 1000 person-years. Our finding was
concordance with the results of Atherosclerosis Risk in Com-
munities (ARIC) study.’ In ARIC study, 5629 postmenopausal
women (mean age 56 years) were follow-up, and the median
follow-up time was 21.4 years. The incidence of HF according
to age at menopause of <45, 45-49, 50-54 and >55 years
was 10.7, 8.5, 7.3 and 10.7 events per 1000 person-years, re-
spectively; corresponding estimates for CHD were 15.5, 13.8,
11.1 and 13.3 events per 1000 person-years, respectively.
The incidence of CHD was higher than HF over the time.
To assess whether the observed association was mediated
by CHD, these authors further adjusted for interim CHD, de-
fined as CHD that occurred before HF. Additional adjustment
for interim CHD did not significantly change the observed as-
sociations with the hazard ratio for incident HF. A nice re-
view provided perspective on this issue.”® Data from the

Framingham Heart Study show that coronary artery disease
(CAD) contributes differently to the burden of HF in men
and women. The population attributable risk (PAR) of
CAD-associated HF is 39% in men and only 18% in women.*®
Also, Framingham study data shows that hypertension is an
antecedent for the vast majority of HF patients in the com-
munity. The PAR of HF associated with hypertension was
39% in men and 59% in women. A majority of perimeno-
pausal or postmenopausal women with hypertension or
CHD were in the ‘pre-HF’ phenotype (Stages A and B). Given
that hypertension and CHD are the major modifiable risk fac-
tors for HF, risk factors intervention may prevent the future
burden of HF. Our study highlight sex differences in HF. Hy-
pertension is the leading comorbidity among postmeno-
pausal women in our study and confers the higher risk for
developing HF among women than CHD. The above
description may explain why the higher incidence of CHD
in symptomatic women did not lead to a higher incidence
of HF over the time in this cohort.

Raise awareness of menopausal transition and
improve health prevention strategies in
middle-aged women

The menopausal transition is a period of significant adverse
changes in several cardiometabolic risk factors (such as blood
lipids, vascular health, metabolic syndrome and visceral
obesity). These findings suggest that vasomotor symptoms
are biomarkers of impaired cardiometabolic conditions, not
just temporary symptoms of menopausal women.? Further-
more, the timing of the onset of high blood pressure is usu-
ally at the beginning of menopause. Symptoms of female
hypertension (such as hot flashes and palpitations) are often
mistaken for menopause.®! Delay diagnosis of hypertension
will put women at risk for HF. When women suffering from
menopausal symptoms seek medical help, physicians may
use this opportunity to raise women’s awareness of the sig-
nificant adverse cardiometabolic health-related changes
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associated with menopausal transition. Meanwhile, physi-
cians can monitor blood pressure and detect high blood pres-
sure earlier in middle-aged women and achieve treatment
goals. Most women are interested in
physician-recommended healthy lifestyle modification and
have good compliance with antihypertensive drugs, which
enables them to reduce the possibility of future HF events.
This prevention-based approach might explain why the inci-
dence of HF in the control cohort is higher than in the symp-
tomatic menopausal cohort for each risk factor burden
category.

Symptomatic menopause manifests through various
somatic and psychiatric symptoms, including vasomotor
symptoms (i.e. hot flushes and night sweats), urogenital
symptoms, headaches and joint pain, depressive and anxious
mood, sleep disturbance and feelings of panic. Not all
symptoms are necessarily related to ovarian ageing and
the production of oestradiol and progesterone. There is no
correlation between hormone levels and the severity of
symptoms.3?

Oestrogen, hormone therapy and HF

Compared with men of the same age, the incidence of
HFpEF in postmenopausal women increases sharply, which
indicates that there is a close relationship between left ven-
tricular diastolic dysfunction and oestrogen deficiency.>
Published report indicates that oestrogen deficiency affects
early diastole through calcium homeostasis and late diastolic
compliance related to cardiac hypertrophy and fibrosis.>*
Due to the positive effects of oestrogen on maintaining
heart function, oestrogen therapy has clinical implication
for diastolic dysfunction. Some studies have shown that hor-
mone therapy users can significantly improve diastolic pa-
rameters on echocardiography. In contrast, some studies
have shown that healthy postmenopausal women do not
improve after short-term (4 weeks or 8 weeks) and
long-term (1 year) hormone therapy. The inconsistent results
may be due to different routes of administration, different
types and doses of oestrogen used and the duration of ef-
fective treatment. These findings are summarized in a re-
view article on clinical studies on the role of oestrogen in
diastolic function.®® In our study, the mean duration of hor-
mone therapy was 3.3 + 3.4 years in the symptomatic men-
opausal cohort and 1.3 * 2.3 years in the control cohort. Our
findings revealed no differences in the risk of HF between
hormone therapy users and non-hormone therapy users, re-
gardless of whether there are menopausal symptoms. We
excluded patients with CHD and HF at baseline, and hor-
mone therapy had a neutral effect on the risk of HF (aHR
0.932, P = 0.3822, Table 4). However, our study is retrospec-
tive analysis from NHIRD. Further clinical studies are needed

to clarify the role of oestrogen therapy in the risk of HF in
middle-aged women.

For better understanding the medications impact on the
risk of HF, we conducted subgroup analyses focusing
on with or without using beta blocker, angiotensin-
converting enzyme inhibitors and angiotensin receptor
blockers. Our results indicated that above medications
had neutral effect on risk of HF in symptomatic meno-
pausal cohort.

Study limitations

The present study has several limitations. First, the NHIRD
does not include detailed imaging data related to HF, such
as echocardiography and cardiac magnetic resonance imag-
ing. Therefore, we are unable to determine the subtype of
HF, nor do we have information on the percentage of HFpEF,
the severity of HF (NYHA level) and echocardiographic param-
eters in HF patients. Second, some information was not pro-
vided by the NHIRD, such as menopausal age, smoking
history, body mass index, physical activity, blood pressure,
inflammatory markers, blood glucose and lipid profiles. These
unmeasured covariates could have an impact on the out-
come, even after balancing the baseline clinical characteris-
tics with propensity score matching. Third, symptomatic
menopausal transition includes various somatic and psychiat-
ric symptoms, but the NHIRD does not identify the symptoms
on which gynaecologists base their diagnoses. Furthermore,
we could not assess the severity of menopausal symptoms,
symptoms possible presentation before menstrual cessation
and age at onset of menopause because the data did not con-
tain related clinical parameters. Finally, because most of the
population in Taiwan is Han Chinese, the findings of this
study may not be generalizable to populations of different
ethnicities.

Conclusions

This large-scale longitudinal retrospective cohort study re-
vealed that menopausal symptoms were associated with
CHD risk but were not associated with risk of HF. Traditional
risk factors rather than menopausal symptoms play impor-
tant roles in increasing the incidence of HF among
middle-aged women.
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Supporting information

Additional supporting information may be found online in the

Table S1. Approximately estimate the menopausal symptoms
by the symptomatic menopausal diagnosis with correspond-

ing medications.

Supporting Information section at the end of the article.
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