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ABSTRACT

Introduction: Studies have shown the relative cardiovascular safety of hormone replacement therapy
(HRT) for women in the general population. Evidence on women with diabetes remains scarce. We
aimed to investigate the risk of cardiovascular disease (CVD) in menopausal women with diabetes who
use HRT compared to non-users.

Methods: Search across Medline, Embase, Web of Sciences, and Cochrane databases up to November
2023 was conducted. We combined keywords of menopause, diabetes, HRT, and various CVD outcomes.
Non-English studies, observational studies other than cohort and case—control, reviews, and conference
abstracts were excluded. Bias was checked using validated risk-of-bias tools. Random-effects model was
used to calculate pooled relative risks (RR) for similar outcomes.

Results: Out of 7625 identified articles, 19 (6 clinical trials and 13 observational studies) were included,
primarily from Europe and the U.S.A. Most studies had moderate risk of bias. Meta-analysis of myocar-
dial infarction (MI) risk from nine observational studies (n = ~34,626) showed a pooled RR of 0.83 (95%
Cl 0.62-1.12). Limited data precluded meta-analysis for the clinical trials and other outcomes from
observational studies.

Conclusions: Observational studies do not suggest an increased risk of Ml in menopausal women with
diabetes prescribed HRT. Further research with a more robust method is warranted to validate this finding.
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1. Introduction

Cardiovascular disease (CVD) claims approximately 17.9 million
lives annually, representing nearly one-third of all global
deaths [1]. Women account for 53% of all the estimated 620
million patients worldwide living with CVD [2]. Coronary heart
disease (CHD) and stroke are the leading causes of death for
women [2]. Compared to men, women accounted for 58% of
stroke-related deaths in the United Kingdom (UK) in 2022 [3].
The rising global prevalence of diabetes mellitus is one of the
underlying drivers of the high prevalence of CVD, and this is
particularly true for women. In women, a diagnosis of diabetes
may increase the risk of myocardial infarction (MI) by 150% [4]
and the risk of stroke by 228% [5]. Compared to men, the risk
of CVD in women with diabetes is more pronounced; women
with diabetes are estimated to have a 44% greater risk of
incident CHD compared to men with diabetes [6] and a 27%
higher risk of stroke [7]. This increased risk of CVD seen in
women with diabetes is partly driven by age; women develop
CVD later than men, partly due to the protective role of female
sex hormones, which is lost during menopause [8,9]. Estrogen
deficiency during the menopausal transition is thought to be

associated with alterations of the peripheral vasculature [10],
possibly leading to the onset of CVD.

Hormone replacement therapy (HRT) has been a cornerstone
treatment for the relief of menopausal symptoms, such as hot
flashes and vaginal dryness [9]. HRT replaces the female hor-
mones, such as estrogen, that are at a lower level as women
experience menopause. As such, the initial perception of HRT
was that it conferred cardioprotective effects against the risk of
CVD [11]. However, a series of clinical studies, known as the
Women'’s Health Initiative (WHI), revealed an unexpected
increase in HRT-linked CVD risks, such as eight excess strokes
per 10,000 person-years in women using oral HRT [12]. In the
wake of the WHI's findings, many subsequent studies have
sought to provide further evidence on how HRT affects postme-
nopausal women'’s risk of CVD.

The use of HRT was affected by WHI trials since its first pub-
lication in 2002. However, with the development of transdermal
and local formulations, use of HRT has increased again in recent
years [13]. The increased prescribing rates may also be explained
by evidence from the WHI subgroup analyses regarding the
benefit of HRT in women aged 50-59 years [13,14]. This was
echoed by a recent systematic review of randomized controlled
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Article highlights

o Evidence on the cardiovascular safety of HRT in women with diabetes
remains scarce.

o Our narrative review of RCTs shows that HRT does not affect the risk
of CHD or PAD but increases the risk of AF and stroke in menopausal
women with diabetes.

e The results of our meta-analyses of observational studies suggest
there is no evidence to support that HRT use is associated with an
increased risk of Ml in women with diabetes.

trials (RCTs) and observational studies which suggests the use of
low-dose HRT in the first year after menopause onset is asso-
ciated with a low risk of harm [15].

All established evidence on the safety of HRT treatment is
based on research in the general population. An RCT conducted
in 2006 [16] explored the impact of HRT on blood glucose and
total cholesterol levels among postmenopausal women with
type 2 diabetes. The study revealed a reduction in fasting glucose
and total cholesterol levels compared to the placebo group [16].
Nevertheless, it is important to note that these outcomes offer
only partial insight, as changes in cholesterol and glucose levels
merely serve as markers for CVD risk. The National Institute for
Health and Care Excellence (NICE) guidelines state that CVD risk
factors, one of them being diabetes, are not a contraindication to
HRT as long as these risk factors are optimally managed [17].

Considering diabetes is a significant risk factor for CVD, it is
crucial to understand how HRT use can affect the risk of CVD in
women with diabetes. To our knowledge, there has been no
systematic review and meta-analysis on the cardiovascular safety
of HRT in women with diabetes. Therefore, we conducted a
review to summarize the risk of CVD in this population by
comparing women with diabetes who use HRT with non-users.

2. Methods
2.1. Eligibility criteria

Our study adhered to the PRISMA guidelines to ensure compre-
hensive and transparent reporting [18]. To structure the eligibility
criteria  for inclusion of literature, a pre-defined PICOS
(Population, Intervention, Comparator, Outcome, Study Design)
framework was used. The target population focused on meno-
pausal women with type 1 or type 2 diabetes. The intervention
group was users of any form of HRT and the comparison group
was non-users of HRT. Our main outcomes consisted of coronary
heart disease (CHD, including fatal or non-fatal MI), stroke,
venous thromboembolism (VTE, including pulmonary embolism
(PE)/deep vein thrombosis (DVT)), arrhythmia/atrial fibrillation
(AF), heart failure (HF), peripheral arterial diseases (PAD), and
other CVD-related death. Additional outcomes included cardiac
procedures or other CVD-related hospitalizations.

We included RCTs and observational studies with cohort or
case—control study designs. We did not restrict the publication
year of the studies other than the limitations of the databases
coverage. Reports written in a language other than English,
reviews, and conference abstracts with no adequate information
were excluded.

2.2. Search strategy

We used Medline OVID, Embase OVID (1947-2023), Web of
Science, and Cochrane Trial, with the latest search performed
on 8 November 2023. We used a combination of MeSH terms
and free-text keywords related to menopause, diabetes, hor-
mone replacement therapy, and cardiovascular outcomes. A
detailed keyword search strategy is outlined in
Supplementary File 1. Additionally, we conducted reference
searching by extracting reference lists from existing systematic
reviews in the general population, particularly focusing on
identifying subgroup analyses in women with diabetes.

2.3. Study selection and data extraction

HWR and another reviewer, AK, examined titles and/or abstracts
of reports obtained through the search strategy, along with
those from additional sources. HWR and AK independently
assessed the full texts of potential eligible reports. We contacted
11 authors whose full-text reports were not available to optimize
reports retrieval. Six authors replied with the requested full
papers. Any discrepancies regarding eligibility were resolved
through consensus or adjudicated by other reviewers (LW, RB).

A pre-designed form was used to extract data from the
included studies. Extracted information encompassed study
authors and contacts; study setting; study design; data source
and study population; participant demographics and baseline
characteristics; details of the interventions and control conditions
along with dose, form, duration if available; definition of meno-
pause and diabetes; study methodology including sample size,
recruitment and study completion rates, outcomes and their defi-
nitions, times of outcomes measurement if available; information
for assessment of the risk of bias; and the results of the studies. We
further contacted two authors to confirm and request data for
meta-analysis purposes. One author replied, but the requested
data was not available. HWR summarized the information from
each included study and AK reviewed the information for comple-
teness and accuracy. Any disagreement was resolved through
discussion.

2.4. Risk of bias

The risk of bias of each individual study was assessed using
risk-of-bias tool (RoB 2) for randomized trials and risk of bias in
non-randomized studies - of Interventions (ROBINS-I) for
observational studies. HWR and WNI assessed the risk of bias
independently. We displayed risk of bias using the Risk-of-bias
VISualization (robvis) tool [19].

2.5. Data synthesis

Data were summarized in tables, covering mainly the subject
characteristics, methods, type of interventions, type of outcomes,
and results from each study. We provided a summary of CVD risk
by displaying odds ratios (OR), hazard ratios (HR), and rate ratio
along with the 95% confidence intervals (Cl). In every outcome,
statistical significance was considered if the Cl did not cross one.
Studies that reported similar outcomes were identified and sum-
marized using a meta-analysis. Meta-analyses were conducted



for outcomes investigated by at least three studies. We used
random-effect models to summarize the effects of HRT. The
random-effect model assumes that observed estimates can
vary across studies due to real differences in treatment effects
among studies. This model is able to capture the uncertainty
caused by heterogeneity in studies [20]. We performed meta-
analyses by summarizing the pooled relative risks (RRs) for similar
outcomes.

Our study focused on current HRT usage, defined as estrogen
with or without progestin. For studies with overlapping data, we
considered the year of the study and the potential bias from each
study for selection. To evaluate heterogeneity, we utilized the I?
statistic, with an I* value exceeding 50% indicating significant
heterogeneity. To assess robustness and reduce potential bias of
missing results, we conducted sensitivity analyses based on
study design, analysis and type of HRT (estrogen-only and estro-
gen plus progestin). Subgroup analyses were initially planned
based on diabetes type (type 1 and type 2), menopausal stage
(perimenopause, menopause, post-menopause), and age.
However, these analyses could not be conducted due to the
lack of availability of detailed information, as the authors did
not provide sufficient data or perform subgroup analyses on
these variables. Assessment of potential publication bias was
planned by using funnel plots. Meta-analyses were conducted
using Review Manager v.5.4.1 [21], including the creation of
forest plots.
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3. Results
3.1. Study selection

We identified a total of 7,625 articles from four databases and
additional sources. After excluding duplicates, we screened 5808
reports by title and abstracts. We reviewed 90 full texts from the
primary search and 156 from the additional searches to deter-
mine eligibility, resulting in the inclusion of 19 articles. Figure 1
depicts the PRISMA flow diagram of the study selection process.

3.2. Study characteristics

The included studies were published between 1998 and 2016,
comprising 13 observational studies and 6 RCT reports. Among
the observational studies, there were six main analyses, consist-
ing of three case-control, two cohort, and one case-cohort
studies. There were no RCTs or observational studies which
were published after 2016. Most studies utilized data from
Europe and the U.S.A,; one study was from Taiwan. The majority
of the studies featured sample sizes smaller than a thousand.
Information regarding mean follow-up and/or exposure to HRT
was lacking in most studies. The age ranges were similar across
studies (min—max, aged 30-80). Unfortunately, we were unable
to extract the exact age of women with diabetes from the studies
with subgroup analyses. Table 1 shows the study characteristics.

[ Identification of studies via other methods ]

Reports excluded:
No subgroup analysis for
diabetes population = 144

[ Identification of studies via databases and registers
P e
_5 Records identified from Records fefnoved befors
® databases: 7469 o Records identified from:
2 Medline (n = 1233) p| SCro0MNg: Citation searching (n = 155)
= _ Duplicate records (n = 1660) T
= Embase (n = 4016) Retracted (n = 1) Other (n=1)
§ Web of sciences (n = 1867)
Central (n = 353)
:
—
Records screened for title and Records excluded
abstract | Known duplicate records (n =
(n =5808) 386)
i Records not relevant (n = 5202)
Records screened for abstract Records excluded Reports sought for retrieval
(n =220) > Not outcome of interest (n=66) (n = 156) 9
Not intervention of interest (n =
= 17)
£ Not comparator of interest (n = 1) l
§ Not intervention and outcome of
= interest (n = 13) £ st i
3 Reviews (n = 25) :R:]esiré% )assessed for eligibility
Editorial or commentary (n=7)
Foreign language (n = 1)
4
Reports excluded:
Reports assessed for eligibility Abstract conferences (n = 10)
(n =90) > Duplicate (n = 1)
Review (n = 1)
Includes pre-diabetes subject (n = 1)
¢ No diabetic subjects/no subgroup
| . analysis in diabetic subjects (n = 56)
Observational studies included Not comparison of interest (n = 2)
- (n = 13 reports; 6 main analysis, Not outcome of interest (n = 12)
= 7 subgroup analysis)
3
E RCTs included
(n = 6 reports; all subgroup
analysis)
—

Figure 1. Study flow.
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3.2.1. Randomized controlled trials
All six RCTs were derived from the WHI Trials, providing sub-
group analyses of women with diabetes for specific outcomes.
The WHI trial comprised around 400 women with diabetes in
each group. The mean age for the total population of women
in the RCTs was approximately 63 years old; however, there
was no information on the age of women with diabetes. The
longest mean follow-up from RCTs was 7.1 years [22-24] and
the shortest was 5.2 years [25]. Outcomes reported in the trials
were CHD [23,25], PAD [22,26], AF [27], and stroke [24].
Information on baseline characteristics was retrieved from
additional publications [28,29]. History of diabetes was based
on physician’s diagnosis that required oral medication or insu-
lin. However, none of the six RCTs disclosed information on
the type of diabetes (type 1 or 2) or the use of specific
antidiabetic medications.

3.2.2. Observational studies

The study with the smallest sample size (n=43) was con-
ducted by Petiti et al. [30] and the study with the biggest
sample size (n=78,966) was by Rockman et al. [31]. The long-
est mean follow-up from observational studies was 6.8 years
[32], and the shortest follow-up was 6.5 months [33]. The age
ranges were generally similar across studies; however, Gami et
al. [34] included an older population (mean age ~73 years old)
and Newton et al. [32] included women aged 45 to 80.
Diabetes definitions or verifications were based on various
methods across studies, consisting of self-report question-
naires [30,31,35,36], diagnostic codes [33,37], diabetes diagno-
sis in medical records [34,38], antidiabetic medications [34,39-
41], or laboratory measurement criteria [32]. The type of dia-
betes in the studies was not specified in any of the 13 studies.
Outcomes reported in the observational studies were M
[30,34,35,37-39,42], CHD (composite outcomes of MI and
other cardiovascular events) [36,41], stroke [33,40], and PAD
[31]. We regarded CHD and cardiovascular events from
Lawrenson and Newton [32,41] as myocardial infarction.

3.3. Results of individual studies

3.3.1. Randomized controlled trials

Sub-group analyses from the WHI trials in women with dia-
betes showed that HRT neither increases nor decreases the
risk of CHD [23,25] or PAD [22,26]. RCTs reported an increased
risk for atrial fibrillation (HR 1.73 [95% Cl 1.08-2.78]) and
ischemic stroke (HR 2.34 [95% Cl 1.14-4.81]) in estrogen-
alone users with diabetes [27]. Results of RCTs are presented
in Table 2.

3.3.2. Observational studies

The results of the 13 observational studies are shown in Table
3. Newton et al. [32] demonstrated significant MI risk reduc-
tion associated with HRT use (estrogen: HR 0.48 [95% ClI
0.30-0.78] and estrogen plus progestin: HR 0.43 [95% Cl 0.22-
-0.85]) as well as Grodstein et al. [36] (estrogen: HR 0.67 [95%
Cl 0.46-0.99] and estrogen plus progestin: HR 0.54 [95% Cl
0.30-0.96]), while Lokkegaard et al. [35] showed an increased
risk of Ml (OR 9.15 [95% Cl 2.02-41.44]). Ferrara et al. [42]

suggested a significant risk reduction of MI for the use of
estrogen plus progestin (HR 0.77 [95% CI 0.61-0.97]), but not
estrogen-alone (HR 0.88 [95% Cl 0.73-1.05]). For the outcome
of stroke, Chen et al. [33] showed significant risk reduction (HR
0.34 [95% Cl 0.12-0.97]), whereas Canonico et al. [40] did not.
Results by Rockman et al. [31] showed evidence of a reduced
risk of PAD associated with HRT use (OR 0.77 [95% CI
0.73-0.81]).

3.3.3. Effect of estrogen dosage

Amongst the studies that constitute this systematic review, only
the study by Ferrara et al. [42] conducted a subgroup analysis on
the association between dose of estrogen-only and the risk of
developing an acute Ml within 3 years. The study stratified dosages
of estrogen HRT between low-dose, medium-dose and high-dose.
Results showed some evidence that lower and medium estrogen
doses compared to none were associated with a greater reduction
in acute Ml risk with HR 0.49 [95% C1 0.2828-0.85] and HR 0.81 [95%
Cl 0.69-0.96], respectively. There was no evidence that higher
estrogen doses were linked to a change in risk of acute Ml (HR
1.07 [95% CI 0.77-1.48]).

3.3.4. Duration of HRT usage

Two studies [38,42] were able to stratify by time since HRT
initiation. While Ferrara et al. [42] assessed the usage of HRT
for both less than and more than 1 year since initiation, Kaplan
et al. [38] looked at cumulative estrogen duration of use
ranging between various time intervals. Ferrara et al. [42]
found that exposure to HRT for at least or less than 1 year
was not associated with a lower risk of acute MI (=1 year, HR
0.81 [95% CI 0.66-1.00]; <1 year, HR 1.03 [95% Cl 0.74-1.44]).
Kaplan et al. [38] showed how cumulative duration of estro-
gen use was associated with MI risk, with use exceeding 6
years conferring an 82% reduction in Ml risk (RR 0.18, [95% Cl
0.04-0.83]). However, the linear trend per year did not show
benefit nor harm (RR 0.78 [95% Cl 0.56-1.08]).

3.4. Meta-analysis for Ml outcome

We conducted a meta-analysis focusing on studies with myo-
cardial infarction as the outcome, as there were insufficient
studies available for meta-analyses on other outcomes. The
analysis focused on current usage that includes estrogen with
or without progestin. Our analysis included nine studies with a
total sample size of approximately ~34,626 individuals, yielding
a pooled RR of 0.83 (95% ClI 0.62-1.12) with an I? statistic of
56%. The forest plot can be seen in Figure 2. Sensitivity analyses
were performed based on study design, analysis, and type of
HRT. Meta-analysis of cohort studies only (n=4) showed no
evidence of an increase in the risk of Ml associated with HRT
use (RR 0.94 [95% Cl 0.62-1.42]). A meta-analysis of case-con-
trol studies only (n=5) showed no evidence of a change in Ml
risk either (RR 0.70 [95% Cl 0.45-1.1]). Subanalyses by type of
study showed strong evidence of an association between HRT
use and a decreased risk of Ml in hypothesis testing studies (n =
4) only (RR 0.72 [95% Cl 0.58-0.88]). A meta-analysis in which
the results of post-hoc analyses were summarized showed no
change in the risk of Ml (RR 1.22 [95% Cl 0.70-2.14]). Figure 3
presents the forest plots for sensitivity analyses by study design



EXPERT OPINION ON PHARMACOTHERAPY 2095

"DURDIIUBIS [BI1ISIIRIS SAIRDIPUI (4) YSHIISY ‘|eAISIUI SDUSPHLUOD ‘| ‘3|qejieAe Jou

/N ‘s35e351( JO UOIIRDIISSe|D [RUOIIRUIDIU| ‘D] ‘DUOje-Uahoaisa ‘Buoje-3 ‘auolalsaboid snid usboilss ‘d+3 ‘o1el piezey ‘4 ‘uone||uqL [elie 4y ‘aseasip |euaie eiayduad ‘qyd ‘Uoidiesul [eipiedokw ‘| ‘aseasip 1eay A1euolod ‘aHd

EL'TT0'L) 6L
HH:leL) pauIquio)

v
195U0 Mau buiney

Se payisse]d I9m
spi1oda1 [eydsoyio

*(8LC swiep> aledipay Jo
-80°L) €£'1 YH:le MIIABL WOl LE°/LTY ‘[6T] unnsui “(lew d+3) Inoyum
adHD pue ‘xapul auoje-3 J0 3p0d 6-@D)| 9|buIs 1o uonedIpaw [eso paiinbal pue (jely auoje-3)
ssew Apoq ‘snyjjaw sa1aqelp (3uedyiubis jou) unsabosd  Aueso pH3 dn-mojjoy  1eyi sisoubelp s,uepisAyd uo Awoau1sAy Joud yum
‘bupjows ‘uoisuauadAy ‘ades ‘abe SL'L YHewy d+3 V/N ogade(d + uab011sd ‘Buoje Usb0IISS UO 4y YHM USWOM :{y  paseq sem sa1aqgelp jo AI0IsIH uswom |esnedouswisod [/z] ZLOZ “|e 39 za1dd
sasned JaY3o
0} Alepuodas aq
0} UMOUY| JOU Sem
18y} walshs |euse
9y} Jo aunydni
10 uondNIISqo
ue 0} 3|qeInguiie ‘[62] unnsui
uawubisse sinoy Hz< 1dyap 10 uonedpaw [eio pasinbas
uoleziwopues uoledlpow (L8Y—¥L'L) €T (Kep 1ad bw 5790) |ed160joinau e 1eyy sisoubelp s,uepisAyd uo *Awo1231935AYy Joud yum izd|
K1e1a1p pue ‘jodis snoiaaid ‘9be  YH:)041S dIWAYDS| V/N ogadejd  suaboilsd auinba pajebnfuod  jo 13suo pides :)oN1S  paseq sem saagelp Jo KIoIsIH uswom |esnedouswisod 900z “|e 19 XUpUsH
9seISIp [eLdMR
AHwanxe Jamo|
1o ‘wsAinaue diuoe
Jeuiwopae ‘aseas|p
K191ie pnoied
se paziobaled sem
|euy uonedyipoly Aeiaiqg pue ‘UoiIusAIIUI ‘[67] unnsui
9Y) Ul snieis uoleziwopuel 10 swoydwAs Jayus 1o uonedIpaw |eso paiinbal
pue ‘auljaseq 1e aseasip (Kep 1ad bw 5790) yum uonezijeydsoy 1eyy sisoubelp s,uenisAyd uo *Awo1231935AYy Joud yum
|euaue |esayduad jusjenssd ‘sbe  (S4'L-YE€0) 69°0 YH V/N ogadeld  suaboiisa suinbs pajebnfuod 1ybIuIdA0 :QYd  paseq sem saiaqelp o AI0ISIH uswom |esnedouswisod [zz] 9900Z “|e 19 eISH
(15l
(69'1-9£°0) BLISIID paziplepuels
€1°L YH :sased ||y wouy paydepe
(55°L yieap Aieuoiod pue 1o uonedipaw [eso paiinbal
aul| aseq -/9°0) TO'L YH (Kep 1ad bw 5790) ‘| 3u3jis suuap ey sisoubelp s,uepisAyd uo *Awo1231935AYy Joud yum
1B QHD jo dduasaid ay) pue abe  :paleasi-UoIRIIPIN V/N ogadejd  suaboiisd auinba pajebnfuod ‘| pazieudsoy :gH)  paseq sem sayaqgelp Jo KIoisIH uswom |esnedouswisod [£7] €900T “|e 19 eISH
9seISIp [eLdMe
AHwaxe Jamo|
1o ‘wsAinaue diuoe
Jeuiwopae ‘aseas|p
K191ie pnoied
se paziohaled sem
(Aep 1ad bw g'7) 91e1908 pue ‘uoiIudAIIUI
auoJaisaboidAxoipaw 10 swoydwAs Jayus 10 uonedpaw [eio pasinbas
(auediubis snid (Kep 1ad bw 5790) yum uonezijeydsoy 1eyy sisoubelp s,uenisAyd uo 'SNJ3IN 1DRIUI YUM
VY/N 10U ‘ydesb ul D %56) ¥6°0 ogadeld  suaboiiss auinbs pajebnfuod 1ybIuIdAO :QyYd  paseq sem saiaqgelp o AI0ISIH uswom |esnedouswisod  [97] #00Z “|e 19 eISH
(Aep s3d B §°7) (L8]
(LS'T-¥8°0) 91e1ade BRI pazipiepuels
Sl YH :sased ||y auoJaisaboud wouy paydepe ‘[6] unnsui
ez Axolpaw snid  yieap Aieuoliod pue 10 uonedpaw [eio pasinbas
aul| Iseq —€£0) LE'L ¥H (Rep 1ad B 579°0) ‘|W 3ujis ayuyap  1eys sisoubelp s uepisAyd uo 'SNJ3IN 1oeIUl YUM [szl
1B QHD jo dduasaid ay) pue abe  :paleasi-UoIRIIPIN V/N ogadejd  suaboiisd auinba pajebnfuod ‘| pazieudsoy :gH)  paseq sem sayaqgelp Jo KIoisiH uswom |esnedouswisod  £00Z “|e 39 uosuep
10} paasnlpy (1D %56)S91eWIISD (ID %S6) 410resedwod) SUOIIUIAIDIU| uoniuyap uonjuyap sarxqelq uoniuyap asnedous|y 1eak “loyiny
3yapaIsnipy dlewnss 952/5W021NQ0
SRETIE]
paisnipeun

S1DY [enplAlpul Jo synsal AD “T @|qeL



2096 H. W. RISNI ET AL.

(panupuod)

EHRIENE]
pue ‘joyodje ‘bupjows
‘SUOIRIIPAWAULIIMO]
‘uoisuspadAy
‘uiqojboway pajejAsodk|b
‘fdeiayy d1wedk|60dAy
‘uonjeinp sajaqgelp ‘ANsaqo
‘uonednpa ‘AidIUyIs ‘abe

#(£6°0-190) £L£'0 YH:d+3
(S0°L—-€£°0) 88°0 14H
YH :usbonss pasoddoun V/N  lusund ou

unsaboid + usaboirsa
‘uabona pasoddoun

J91jed syluow ¢
uey) ssa| papua
pey Jo aep
uanIb e ybnoayy
paise| A|ddns

uonedipaw
X'0Lly °9p0d aAllR[NWIND
Se uolsIAaY Yl s 2alqns

-@D| uo paseq |\ J1 435N JUBLIND

*A13sibay
sajeqelq woy
V/N 0S< pabe uswopm

[cv] €00
“le 19 eJelsa

‘uolssiwpe
uodn ‘s1eak
(pamodau suoledipaw 05< abe o
-§|95) uolssiwpe neqelp ‘fwoyaioydoo
uodn pauodal Bupjey |ei1e|iq
suosa1saboud [€6] eua1d dIaM 18y} 10 piodal Jo A1oisiy
(T9-50) 8’1 HO :d+3 + uabonsa pazipiepuels suolnedIpaw |edipaw ‘p10d3J [edIpaW
(S°L-2°0) §°0 YO :aHD ‘auosaisaboud Jeuoljeuaiul YHM uswom uo paseq 9y ul pajels [¥€]
uolissiwpe pue abe Joud 1noyum usboisy VY/N 95N JaAsu oYUM/ yum uaboalss Aq pauyap W 295N JuaLNd sem salagelq JI [esnedouswisod  €00Z “|e 19 lweo
"9ep
alep Xapul 3y}
Xapul 9y} 310J9q 210J9q Wi}
pouad yuow Aue 1e apod
[€6] =D -9 9y} ul swn papiodal (L€l
usbolsaboid pazipiepuels  Aue 1e [yH pasn sem Iy} 10U uoUBP (dnoibgns)
jou Jo lo/pue ‘|oIpeJlsd Jeuoljeuaiul OYyM UsWom J1 suasaud ‘uswiom 0002
V/N paisnfpeun Jayiaym Jesp 1ou ‘(€°€-9°0) 'L YO SN JaAdU  |ewspsuel) ‘uabollss [el0  UO paseq sem | :195N JuaLNd sa1aqelq |esnedouswisod “le 19 0zuai07
'ash
uonedipaw
1noge
[€6] euayd suonsanb ‘pound
sisoubelp 01 59K, [enisusw
Abojoiwapidy pasamsue pasead
uo |PUN0) (pauiodal-|as) oym pauodai 10
‘(s13y10 ||e uoneOSSY 9lep Xxapul sy} syuedpiued Awodaioydoo [o€]
SA UeISY/3)YM) Aadluyls asn unsaboud 1e3H uedLBWY 91039 Yluow uo paseq |esa1eliq pey (dnoibgns)
/321 pue ‘uonednps ‘abe (9°£2-2°0) 00°C HO V/N 1uaund-uou noyum/yum usboilss uo paseq |\ Ul 3sn :13sN Juaund sem sajagelq  Ji [esnedouswisod 0007 “[e 19 MNiad
‘buniojuow
sa19qeIp Jo
Awo1231315AY ‘uonulap DUIPIAS IO 1
snoinaid ‘Ayisago Jayuny ou avo/ulnsul 10U UOIMULAP
'|0J91$3j0YD WNJ3S ‘snieys (L1 ‘gHI 4o ‘euibue syuow  Joj paquasaid ‘uswom [L¥] 6661
Bunpjows ‘sa1aqelp jo adA| (€£2°1-87°0) 850 HO -0€°0) £9°0 YO  9sn JaAsu paynads 1ou ‘IYH ‘W PIPNPUl GHD 71 3se| ul 1YH J1 sa19qeIg |esnedouswisod  “[e 19 UOSUIIMET
*SpJ0231
|edIpaw 3y}
u| asnedousw jo
9lep duIYRI "sa19qelp uonedipul
3yl ybnouy) 1se paleain ou sem a1y} JI
01 s|id ybnoua pamoys |esnedouawysod
papiaoid 18y} p10d33l pawnsaid
s31agelp pajean [zs] eusnd uaboulsa U3 |edIpaw sem Gg< pabe
Jo uoneinp ‘euibue Juaund suosa1saboud pazipiepuels 1S0W S,U3WIOM uo paseq USWOM ‘USWIOM [8€] 8661
‘ybram “1eak Apnis ‘abe (S1'1-TT°0) 1S0 ¥O V/N  9sn Jansu noyum/yum usboiyss  uo paseq sem |\ 1 149sNn JuaLNd sem sajaqgelq Jesnedouawisod “le 13 uejdey
10} paisnfpy o(1D %56) (ID %S6)91eWnss  Jojesedwo) SUOIIUBAIRIU| uoIulyIp uoniuyap 14H uouyIp uonuydp 1eak “Joyiny
S91BWIISD 1d2yapalsnipy  199y9palshipeun 95e2/3W00INQ sa19qelq asnedousy

S3IPN}S |eUOIIRAISSCO [BNPIAIPUI JO S) NS AD € 2|qel



EXPERT OPINION ON PHARMACOTHERAPY 2097

(panunuod)

1eaf Jepuajed

auojoqn ‘usaboisaboid

‘ce-Laa
9p0> OL-adI

‘suonedipaw
Jnagerpnue
UM pajeany

41 pauyap

(6€l
(dnoibgns)

800¢

pue ‘uoneyqgey ‘uonesnpa (7'1-€£°0) LO'L ¥y V/N  9sn IaAsu NoyIm/yim uabolyss  uo paseq sem |\ V/N sem sa1oqelq  "LS< pabe uswop, “|e 19 pieebayoT
‘asn uuidse
‘sjuswid|ddns ujwenAlnw
‘uoneyusawa|ddns
3 ulweyA ‘Auainde [ediskyd
‘9)eIul [oyodJe ‘uoieINpPd “sal|1wey ‘Awoldaioydoo
s,pueqgsny ‘bupjows s,syuedpied Aq |e4ale|iq yum
anaJebid’saraqgelp ‘sieak payiodal aiam Awo01131935AY
09 9seasip Meay jo Aloisiy Syjeap sow (pawodau 10 asnedousw [9€]
[eauased ‘uoisuaiiadAy £(96'0-0€°0) ¥5°0 YH:d+3 (1461 "OHM) -J19s) Yuow [eanieu (dnoubgns)
‘elwa|043)s3|0YdIdAY «(66°0-9%°0) unsaboud + eLIRID OHM uo 15€] AU} UIYyUM JO 3w} 3y} Wouy 9007
‘g ‘obe £9°0 YH :duoje uaboils] V/N  9sn iandu  uabosyse ‘suoje usbouiss  paseq || [PIBJUON SN 1SN JudLND V/N |lesnedouawisod  “|e 19 UISISPOID
(9183908 *aJleuuonsanb *alleuuonysanb [s€]
9U0JIISIYIAI0U + I3/ | "€TILTI PUe oLy (payodai ybnouy ybnoiy} (dnoibgns)
«(SP'TL-8€°L) SL'v HO:AHI -|oIpes3sd) auoidlsaboid S9p0d OL-ADI -J|9s) paydads payodal-j|as payiodal-j|as €00C
uoisuauadAy ‘Bupjows (¥ LE-20°T) S1'6 HOIW V/N  9sn Iaasu NoYIM/ylim uaboliss  uo paseq sem |\ JoU UoIHULIP sem saaqgelq sem asnedoualy “|e 19 pleebaypo]
‘sieak
GG< abe Jo
‘fwoldaioydoo
|es93e)iq
RIENENSY
uepisAyd
e ‘syluow 7| <
‘dn-moj[0} Jo e)S 's9p0d (1dD) *SISOPIDRO0IDY 10} eaylioudwe
1€ J3OWS JuaLINd pue Kbojouiwa) mnoyum :asnedouswisod
‘(ssedAq Jejndsea Aywa1ixa |einpadoid sa1aqelp ‘uabonsa bupyey
1amoy 1o ‘Awoydalanepus uaun) Jo asnedaq 10 woydwAs
pnoJed ‘Aisedoibue pue 6-ad| uo pazijendsoy Yyum sieak
K1euo.od ‘ssedAq Kiane paseq sisoubeiqg ‘avo/ulnsul 66> abe Jo
£1euoi0d) uoineziie|ndseaal REN-ENTY) 10} paqudsaid ‘Awoyaioydoo
192|N ANWIIXS JaMo| AD |eie) Jo 105G/ <DL _qH |esa3e|iq
‘uoneandwe ANwWaIIXa ‘(siskjoquioy) ‘yoea Jo INOYUM USWOM
19MO| ‘9seasIp JejndseA Juals 3Uo 10 00Z< pazIwo13.335AY
Jesayduad ‘@xyoas ‘ainjie} /fsejdoibue aiep Bunsejuou uir pjo
1eay aAnsabuod ‘euibue ‘ssedAq nouny 3y} Jaye om} siedk 95 21043q
‘uold.eyul |eipiedoAw K191e A1euolod) sfep 081 ulyum Ip/bw oyl < swoldwAs
Jo K103s1y ‘asn uinsul uol1ezliendsesl SEITEYRI] JudWaJInseaw asnedousw
‘s91aqelp JO uoneinp %(68°0-7T°0) €7°0 YH :d+3 Kleuolod sem uondudsaid 9s0on|b ‘syuow z1-9
‘(319eueA uapuadap #(8£°0-0€°0) 8%°0 sunsaboid + suaboiisa ‘IW |eyejuou 9yy JI asn 1sed bunse; omy lo} eayliouswe [z€] €00z
-aw} e se pappow) s@) ‘abe  yH :uabosse pasoddoun V/N  9sn JaAsu ‘uabosysa pasoddoun papnjpul SIUIAS D Y/N H43Sh Juaund  :sd3aqelq ¢ adAL :9snedouswiiad “|e 39 UOIMAN

(ID %S6)31eWnSy  Jojesedwo) J1eak ‘loyiny

1ay3paisnipeun

SUOIUIAIDIU| uoulIp

9583/3WO00INQ0

uomuy3p 1HH uonuyap

sa19qeIq

uoniuysp
asnedous|y

104 paisnipy (D %S6)

S3JeWIISD 1D33paisnipy

‘(penunuo)d) “€ 3|qel



2098 H. W. RISNI ET AL.

‘goue:

BIs |B213S1IRIS SBILDIPUI (4) HSUBISY ‘[eAISIUI BDUBPHUOD ‘| ‘B|ge|ieAR 10U ‘Y/N D1agel

ue |elo ‘qy0 ‘Adesayy Juswade|dal suowloy ‘IYH ‘S9SeISI 4O UONBDYISSe]D [RUOHRUIRIU| ‘D] ‘Buoje-uaboilsa

‘3U0|e-3 ‘au0.a1s9h01d snjd USB0IISS ‘d+3 ‘Ol1el 31R1 ‘YY ‘O11ed plezey ‘YH ‘O11el SPPO ‘YO ‘@SeasIp Ueay dIWBYIS] ‘QH| ‘UoiIe|[1qly [euie ‘Jy ‘aseasip euaue [eiaydiuad ‘Qyd ‘uoidiejul [eIpiedokw ‘| ‘aseasip ueay £1euoiod ‘qHd

_owU_>O\_Q 10U Sem 9sn-1ualind 10J uoliulsp sssfun asn-jusind 1o,

alep
Xapul 310439
syuow 1se| €
2y} buunp awn

fue 1e |H jo "sajaqelp
‘$9] 01 09| JUBWIASINGUIIRI Jo Axoid [ov]
(97°€-01°0) auosisaboid S9p0d OL-ADI 9UO 15e3| e se pasn (dnoibgns)
"9lep 8€°0 YO :Jewapsues) asn OM/ULIM JI 18] JoU uo paseq sem 1B pey uewom suoledIpaw 'sieak 9 9102
xapul pue ‘9pod diz ‘abe  (7'59-11°0) 69°C YO :[elo V/N 1udund-uou ‘uaboiisd [ewiapsuell/|elo 0J3S DIWAYIS| B JI 14ISN JULIND dljageipuy 01 |G pabe uswopy  “[e 39 odluoue)
90435 JIWAYIS! YUM pouad
paieldosse suonesipaw Apnys BEV-EEY 600C-£00C X'0S¢
J3y10 pue ‘uorieziueqin ayl ul (Kep S3p0d WI-6-ADI Buunp syjuow S9p0d ND-6
‘SN}e}s JIWOU0I0ID0S uaboisa 1ad bw 679°0) usboisa uo paseq sem € ulyum skep  -@D| uo paseq [e€]
‘sanipigqiowod ‘abe £(£6°0-71°0) ¥£€°0 YH V/N 95N JaAsu auinbs pajebn(uod 90415 IWAYIS| 09 1ses| 1e asn sem sa1qelq  "SS< pabe UsWOM  SLOZ “[e 10 uay)
(avd
paJaplsuod 60>
19v) 19V 3y1 jo
uone|nded pue
‘wsAInaue dioe
|euiwopqe
udalIds
0} punosein
eIWa|0Ja1s9j0ydIadAY |eulwopge ‘alleuuonisanb
‘uoisuspadAy ‘ueds punosesyn ‘2Jleuuonsanb ybnoiy} (L€l
Jo K1osiy e pue x3|dnp A1aue ybnouy payiodal (dnoibgns)
‘f10151y Bupjows annisod pnoJed papnjpul (pauodal pauodal-jjos -§|9s sem 7102
‘el ‘sieak g/< jo abe %(18°0-€£°0) ££70 YO V/N  9sn Jansu  paydads Jou ‘JYH 9sn JaAd wexd gyd -J|95) 3sn IAAd sem sajaqgelq asnedouswisod  “|e 19 uewydoy
10} paisnipy o(1D %56) (1D %S6)91eWnss  Jojesedwo) SUOIIUSAIRIU| uouyIp uoniuydp 14H uouyIp uonuyIp 1eak “Joyiny
S91BWIISD 12yapalsnipy  199y9palshipeun 9se2/3W00INQ sa19qelq asnedousy

‘(penunuo)d) “€ 3|qel



EXPERT OPINION ON PHARMACOTHERAPY

© 209

Relative Risk Relative Risk
Study or Subgroup log [Relative Risk] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Gami 2003 -0.6931 0.4675 7.5% 0.50[0.20,1.25] B
Kaplan 1998 -0.6733 0429 8.4% 0.51[0.22,1.18] 5
Lawrenson 1999 -0.5447 03716 101% 0.58[0.28,1.20] =
Grodstein 2006 -0.4005 0.1919 18.4% 0.67 [0.46, 0.98] ——
Ferrara 2003 -0.2614 01188 22.4% 0.77 [0.61,0.97] -
Lokkegaard 2008 0.01 01656 19.9% 1.01 [0.73, 1.40] -
Lorenzo 2000 0.3365 0.4323 8.3% 1.40[0.60, 3.27] -
Petitti 2000 0.6931 1.1748 1.6% 2.00[0.20, 20.00)
Lokkegaard 2003 2.2138 0.7708 3.4% 9.15(2.02, 41.45] S —
Total (95% CI) 100.0% 0.83[0.62, 1.12] <
Heterogeneity: Tau*= 0.09; Chi*=18.06, df=8 (P=0.02); F=56% :D 01 0:1 150 100’

Test for overall effect: Z=1.19 (P =0.23)

Figure 2. Meta-analysis of HRT use in MI outcome among the observational stud

and type of analysis. We identified four studies [32,34,36,42]
that separated their analyses according to the use of progestin
for MI outcome. Results showed statistically significant protec-
tive effect for both estrogen-only (RR 0.67 [95% Cl 0.49-0.92])
and estrogen plus progestin (RR 0.67 [95% ClI 0.46-0.98)] (see
Figures 4 and 5).

3.5. Risk of bias

Risk of bias is presented in Figures 6 and 7. Assessing bias in
studies with subgroup analyses was challenging due to limited
information, especially to assess confounding and selection
bias since baseline characteristics for subgroup populations
were not available. The information related to the randomiza-
tion process for WHI trials, including random sequence gen-
eration, allocation concealment, and baseline differences, was
not adequately reported for subgroup populations. Thus, hin-
dering the assessment of bias arising from randomization.
However, the overall bias across all reports is considered low.
For observational studies with main analyses, the majority
exhibited a moderate risk of bias.

4. Discussion
4.1. Summary and interpretation

This study summarizes all available literature on the potential
association of HRT use and changes in CVD risk in a population
of women with diabetes. Our main finding is that there is no
evidence that HRT use changes the risk of various CVD out-
comes in women with diabetes. The results of our primary
meta-analysis show there is no evidence that HRT changes the
risk of MI. However, caution is warranted in interpreting the
findings due to the moderate heterogeneity and inconsistent
results in sensitivity analyses. The observed heterogeneity may
stem from methodological differences across studies, such as
variations in study design, small sample sizes, and other
potential sources of bias. Excluding post hoc subgroup ana-
lyses from the meta-analysis resulted in a statistically signifi-
cant protective effect of HRT on MI. Given the limitations

Favours [HRT] Favours [control]

ies.

inherent in subgroup analyses — namely, the potential reduc-
tion in study power due to smaller sample sizes and the lack of
balanced baseline characteristics — there remains a possibility
that HRT exerts a protective effect against Ml in women with
diabetes. Moreover, separate analyses for estrogen-only and
estrogen plus progestin demonstrated decreased risk of MI.
Given the differences in clinical characteristics between
women who use monotherapy estrogen and estrogen plus
progestin, these findings may hold significant clinical rele-
vance. However, research with bigger sample sizes and more
robust methods are needed to confirm these findings.
Though there are no systematic literature reviews that have
wholly evaluated HRT usage in women with type 1 or type 2
diabetes and their risk of cardiovascular outcomes, the results
of this review can be compared against the findings of narra-
tive reviews [43,44]. The studies acknowledge that women
with diabetes are predisposed to an already increased risk of
cardiovascular diseases, though there is some evidence to
suggest that HRT can confer a cardioprotective effect to offset
this risk. HRT appears to improve important CVD risk factors,
such as blood pressure, low-density lipoprotein (LDL) choles-
terol, triglycerides, lipoprotein (a), adhesion, and coagulation
molecules [44]. Transdermal HRT was associated with benefi-
cially lower triglyceride levels, as well as showing no correla-
tion in increasing mean blood pressure levels in
postmenopausal hypertensive women with diabetes [43].
Those results, however, are only markers for cardiovascular
outcomes. Our study provided direct evidence on CVD out-
come rather than the CVD risk factors. Dunne et al. [43] also
support our findings in terms of MI. A systematic review for Ml
in the general population demonstrated a summary estimate
of 0.79 [95% ClI 0.75-0.84] [45], meanwhile our study in
women with diabetes showed a point estimate of an RR of
0.83 [95% Cl 0.62-1.12]. This comparison is somewhat in line
with Dunne’s review [43] that stated the protective effect of
HRT against ischemic heart disease in women with diabetes
may not be as significant as that in the general population.
The results of our narrative systematic literature review show
that some of the results between the studies included in this
review are conflicting. For studies that specifically focussed on
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2 Relative Risk Relative Risk

Study or Subgroup  log[Relative Risk] SE Weight IV, Random, 95% ClI IV, Random, 95% CI

Cohort

Grodstein 2006 -0.4005 01919 18.4% 0.67 [0.46, 0.98)

Ferrara 2003 -0.2614 01188 22.4% 0.77 [0.61,0.97)

Lokkegaard 2008 0.01 01656 19.9% 1.01[0.73,1.40)

Lokkegaard 2003 22138 07708  3.4%  9.15([2.02, 41.45) R
Subtotal (95% CI) 64.0% 0.94 [0.62, 1.42]

Heterogeneity: Tau*=0.12; Chi*=12.75, df= 3 (P = 0.005);, F= 76%
Test for overall effect: Z=0.30 (P = 0.76)

Case-control
Gami 2003
Kaplan 1998
Lawrenson 1999
Lorenzo 2000
Petitti 2000
Subtotal (95% CI)

-0.6931 04675 7.5%
-0.6733 0429 8.4%
-0.5447 03716 10.1%
0.3365 04323 83%
06931 11748 1.6%

36.0%

0.50[0.20, 1.25]
0.51[0.22,1.18]
0.58[0.28,1.20]
1.40[0.60, 3.27]
2.00[0.20, 20.00]
0.70 [0.45, 1.10]

Heterogeneity: Tau*= 0.04; Chi*= 469, df=4 (P=0.32); F=15%
Test for overall effect: Z=1.56 (P=0.12)

Total (95% CI)

100.0%

0.83[0.62, 1.12]

Heterogeneity: Tau*= 0.09; Chi*=18.06, df=8 (P=0.02); F= 56%
Test for overall effect: Z=1.19 (P =0.23)
Test for subaroup differences: Chi*=0.88, df=1 (P=0.35), F=0%

b
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Favours [HRT] Favours [control]

Relative Risk
IV, Random, 95% ClI

Hypothesis testing studies only

Ferrara 2003
Gami 2003
Kaplan 1998
Lawrenson 1999
Subtotal (95% CI)

-0.2614 01188 22.4%
-0.6931 04675 7.5%
-0.6733 0429 84%

-0.5447 03716 10.1%
48.5%

0.77 [0.61, 0.97]
0.50[0.20, 1.25]
0.51[0.22,1.18]

0.58[0.28,1.20]
0.72[0.58, 0.88]

Heterogeneity: Tau*= 0.00; Chi*=1.91, df=3 (P =0.59), F= 0%
Test for overall effect: Z=3.12 (P =0.002)

Post hoc subgroup analyses
Grodstein 2006

Lokkegaard 2003
Lokkegaard 2008

Lorenzo 2000

Petitti 2000

Subtotal (95% CI)

18.4%
3.4%
19.9%
8.3%
1.6%
51.5%

-0.4005 01919
22138 0.7708

0.01 0.1656
0.3365 0.4323
0.6931 1.1748

0.67 [0.46, 0.98]
9.15[2.02, 41.45]
1.01 [0.73,1.40]
1.40[0.60, 3.27]
2.00[0.20, 20.00]
1.22[0.70, 2.14]

Heterogeneity: Tau*=0.22; Chi*=13.28, df=4 (P=0.010); F=70%
Test for overall effect: Z=0.70 (P = 0.48)

Total (95% ClI)

100.0%

0.83[0.62, 1.12]

Heterogeneity: Tau®= 0.09; Chi*=18.06, df=8 (P=0.02); F=56%
Test for overall effect: Z=1.19 (P =0.23)
Test for subgroup differences: Chi*=3.06, df=1 (P=0.08), F=67.3%

Figure 3. Sensitivity analyses based on (a) study design and (b) analysis among the observational studies.
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Relative Risk Relative Risk
Study or Subgroup  log[Relative Risk] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Newton 2003 -0.734 0.2398 22.8% 0.48[0.30,0.77] ——
Gami 2003 -0.6931 0.4675 9.4% 0.50[0.20,1.25) B
Grodstein 2006 -0.4005 01919 27.9% 0.67 [0.46, 0.98] -
Ferrara 2003 -0.1278 0.0953 39.9% 0.88[0.73, 1.06) =
Total (95% CI) 100.0% 0.67 [0.49, 0.92] <
Heterogeneity: Tau®*= 0.06; Chi*= 7.22, df= 3 (P = 0.07); F= 58% :IJ 0 031 ; 110 100:
Test for overall effect: Z= 2.46 (P = 0.01) ' Fa\}ours [HRT] Favours [control]
Figure 4. Meta-analysis of estrogen-only in Ml outcome among observational studies.
Relative Risk Relative Risk
Study or Subgroup  log[Relative Risk] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Newton 2003 -0.844 03419 20.8% 0.43[0.22,0.84] ——l—
Grodstein 2006 -0.6162 0.2999 24.4% 0.54 [0.30, 0.97] —
Ferrara 2003 -0.2614 0.1188 47.0% 0.77 [0.61,0.97] H
Gami 2003 0.5878 0.6535 7.8% 1.80[0.50, 6.48) I E—
Total (95% CI) 100.0% 0.67 [0.46, 0.98] .
Heterogeneity: Tau®= 0.07; Chi*=5.47, df=3 (P=0.14); F= 45% :0 01 0?1 ; 150 100’

Test for overall effect. Z= 2.06 (P = 0.04)

Favours [HRT] Favours [control]

Figure 5. Meta-analysis of estrogen plus progestin in MI outcome among observational studies.
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stroke as an outcome, one RCT showed an increased risk of stroke
in conjugated equine estrogen (CEE) users [24], while observa-
tional studies showed a protective role of CEE [33] or no increased
risk [40]. The discrepancy in findings may be attributed to differ-
ences in the age of the study populations, with Chen et al. [33] and
Canonico et al. [40] involving slightly younger (mean/median: <60
years old) individuals compared to the RCTs. A systematic review
in the general population highlighted that individuals under 60

years old who took HRT within 10 years of menopause did not
exhibit an increased risk of stroke [15], which may also apply to
women with diabetes. However, since the studies did not consider
the time since menopause, we can only speculate that age may
have contributed to the conflicting results. The results of the RCTs
and observational studies are somewhat expected to differ as
confounding bias may have affected the results of observational
studies. For example, Canonico et al. [40] classified women with
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Figure 7. Risk of bias of observational studies (asterisk (*) refers to sub-group analysis).

diabetes using antidiabetic medications as a proxy for diabetes
rather than diagnosis confirmation, which could introduce bias
because some people with diabetes can be treated with lifestyle
modification instead of medications for diabetes. However, we
believe that the risk of bias in Chen et al. [33] was low due to
the utilization of propensity score matching which limits con-
founding from known and measured variables.

One RCT and one observational study in this systematic
literature review focussed specifically on the risk of PAD in
users of HRT. The RCT [26] and observational study [31]
reported different results, with Rockman et al. [31] suggesting
a protective effect of HRT while the RCT indicated no change in
risk [26]. Rockman et al. [31] measured postmenopausal status
and diabetes through self-reported questionnaires, which may
raise potential misclassification compared to data collections
from medical records or pharmacy systems. Rockman et al. [31]
also defined intervention as an ever-user (by asking participants
a question ‘Have you ever been on hormone replacement
therapy?’), which further affects the precision of their results
and most likely led to an overestimation of HRT use.

This review included the results of an RCT in which findings
suggested an increased risk of AF in CEE-alone users, but not
in women using estrogen plus progestin [27]. This finding is
consistent with the broader population in the same study,
where incident AF reached statistical significance in the CEE-

alone trial (HR, 1.17 [95% Cl 1.00-1.36], p=0.045).
Unfortunately, observational studies specifically assessing AF
as an outcome in women with diabetes were not found. Since
AF is strongly associated with VTE [46], it is important to
investigate the AF risk in a real-world population.

Most studies examining MI outcome found no evidence of
a change in risk of MI associated with HRT use, including the
WHI trials. Three observational studies [32,36,42] reported sig-
nificant findings, with Ferrara et al. [42] being the largest
among all studies, and, therefore, enhance the ability to detect
true effects due to high statistical power. However, Newton et
al. [32] and Grodstein et al. [36] did not specifically define CHD
or cardiovascular events as MI, which may bias the result.
Grodstein et al. [36] only included younger women, aged
30-55 years old, which may limit the generalizability of their
findings to postmenopausal populations.

Dosage and duration of HRT are important in determine a
causal association of HRT and CVD [15]. The only study that
assessed the effect of various dosage on CVD risk in women
with diabetes is Ferrara et al. [42]. They showed that lower
doses (<0.625 mg of oral estrogens or <0.02 mg of estradiol)
and medium doses (0.625 mg of oral estrogen and 0.05 mg of
estradiol) may have cardioprotective effects against the risk of
an acute MI, while higher doses do not pose an increased risk
of acute MI. Duration of HRT use was assessed by two studies



[38,42]. Overall, while the two studies did not result in statis-
tical significance in most durations assessed, one can infer that
there may be a pattern in which longer cumulative usage of
estrogen can return a cardioprotective effect against the risk
of an MI. However, the small sample size included in the
studies warrants further research with bigger sample sizes to
confirm these results.

We assessed bias by using standardized tools from
Cochrane. The WHI trials were considered low risk of bias.
However, results from the WHI trial discussed in this review
were derived from subgroup analyses; we emphasize caution
in interpreting subgroup results due to the potential for imbal-
anced characteristics, unless randomization is stratified
[22,23,25,47]. Case—control studies were deemed to have a
serious risk of bias in the classification of intervention due to
potential recall bias; most case-control studies conducted
questionnaires or interviews with subjects, and the authors
did not confirm the self-reported information to the medical
or pharmacy system. Moderate bias regarding deviation from
intended intervention was attributed mainly to the unavail-
ability of adherence information. Observational studies with
subgroup analyses report lacked sufficient baseline character-
istics and specific methodologies, thus precluding an overall
analysis of risk of bias based on the ROBINS-I.

4.2. Strengths and limitations

To our knowledge, this is the first systematic review and meta-
analysis on the association between HRT and CVD in menopau-
sal women with diabetes. In our search strategy, our keywords
primarily focused on studies involving menopausal women with
diabetes. Nevertheless, we also attempted to identify post hoc
subgroup analyses in women with diabetes within the general
population through citation searches. Despite these efforts, it is
possible that relevant subgroup analyses were missed, as our
review relied on identifying subgroup analyses from recent
systematic reviews only. Results from post hoc subgroup ana-
lyses could also be biased because the original investigators did
not aim to balance the baseline characteristics in women with
diabetes. As mentioned above, when we removed post hoc
analyses from the meta-analysis, we found a statistically signifi-
cant decreased pooled relative risk of Ml in women exposed to
HRT. Additionally, most observational studies in this review
featured a small sample size, potentially reducing the statistical
power of the analyses. Our review also lacked detailed results on
CVD risk stratified by age, time since menopause, HRT dosage
and duration due to data insufficiency. Furthermore, we planned
to identify publication bias, but the number of studies was less
than 10, thus identification was not feasible. Other important
gap is that the review was unable to account for studies speci-
fically investigating the impact of HRT on women with type 1
diabetes. This lack of clarity means it is harder to make mean-
ingful interpretations of how HRT usage risk differs between
women with type 1 and type 2 diabetes.

4.3. Implications

Although acceptance of HRT has regained in recent years,
some physicians may remain hesitant to prescribe HRT to
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women with diabetes where evidence is still limited.
Examining the potential elevation of cardiovascular risk
among HRT users within women with diabetes is imperative,
considering the recognized status of diabetes as a significant
cardiovascular risk factor [48]. However, HRT has been shown
to improve glycemic control [49,50], which may contribute to
its beneficial impact on cardiovascular safety in postmeno-
pausal women with diabetes.

The study’s findings offer some reassurance to women with
diabetes using HRT for postmenopausal symptom relief that
the risk of experiencing MI later in life is low. Ultimately,
however, the evidence arising from this review is not suffi-
ciently robust to draw conclusions with regard to the cardio-
vascular safety of HRT. Thus, further original research is
required to provide further evidence to guide the prescribing
of HRT for menopausal women who live with diabetes.
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ROBINS-I  Risk of Bias in Non-randomized Studies - of Interventions

RR relative risk

VTE venous thromboembolism

WHI women'’s health initiative

Registration and protocol

The study protocol was registered in the International Prospective Register
of Systematic Reviews database (PROSPERO: CRD42023479335). Protocol
can be accessed in https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42023479335.

Funding

This research received no specific funding.

Declaration of interest

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with


https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023479335
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023479335

2104 H. W. RISNI ET AL.

the subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.

Availability of data and other materials

Data sharing not applicable - no new data generated.

Acknowledgments

HWR would like to acknowledge the support of the Indonesia Endowment
Fund for Education (LPDP No. 202307223267940), Ministry of Finance,
Republic of Indonesia, which provided a scholarship for her study. The
authors would like to acknowledge the use of Grammarly Pro solely for
proofreading assistance in the preparation of this manuscript.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

References

Papers of special note have been highlighted as either of interest ()
or of considerable interest (s¢) to readers.

1.

10.

11.

. Stuenkel

WHO. Cardiovascular diseases [Internet]. World Health
Organization: cardiovascular diseases (CVDs). [cited 2024 Jan 11].
Available from: https://www.who.int/news-room/fact-sheets/detail/
cardiovascular-diseases-(cvds)

. British Heart Foundation [Internet]. Global heart & circulatory dis-

eases factsheet. [cited 2024 Jan 11]. Available from: https://www.
bhf.org.uk

. Number of deaths from stroke in England and Wales in 2022, by

gender and age [graph]. Office for National Statistics (UK), & Public
Health England, & StatsWales; 2023. Dec 15. Available from: https://
www.statista.com/statistics/386529/mortality-rate-of-stroke-by-gen
der-and-age-in-england-and-wales/

. Barrett-Connor E, Giardina EG, Gitt AK, et al. Women and heart

disease: the role of diabetes and hyperglycemia. Arch Intern Med.
2004;164(9):934-942. doi: 10.1001/archinte.164.9.934

. Peters SA, Huxley RR, Sattar N, et al. Sex differences in the excess

risk of cardiovascular diseases associated with type 2 diabetes:
potential explanations and clinical implications. Curr Cardiovasc
Risk Rep. 2015;9(7):36. doi: 10.1007/512170-015-0462-5

. Peters SA, Huxley RR, Woodward M. Diabetes as risk factor for

incident coronary heart disease in women compared with men: a
systematic review and meta-analysis of 64 cohorts including
858,507 individuals and 28,203 coronary events. Diabetologia.
2014;57(8):1542-1551. doi: 10.1007/500125-014-3260-6

. Peters SA, Huxley RR, Woodward M. Diabetes as a risk factor for

stroke in women compared with men: a systematic review and
meta-analysis of 64 cohorts, including 775,385 individuals and
12,539 strokes. Lancet. 2014;383(9933):1973-1980. doi: 10.1016/
S0140-6736(14)60040-4

. Nappi RE, Chedraui P, Lambrinoudaki |, et al. Menopause: a cardi-

ometabolic transition. Lancet Diabetes Endocrinol. 2022;10(6):442—
456. doi: 10.1016/52213-8587(22)00076-6

CA. Menopause, hormone therapy and diabetes.
Climacteric. 2017;20(1):11-21. doi: 10.1080/13697137.2016.1267723
Wildman RP, Colvin AB, Powell LH, et al. Associations of endogen-
ous sex hormones with the vasculature in menopausal women: the
study of Women's health across the nation (SWAN). Menopause.
2008;15(3):414-421. doi: 10.1097/gme.0b013e318154b6f5
Ryczkowska K, Adach W, Janikowski K, et al. Menopause and
women’s cardiovascular health: is it really an obvious relationship?
Arch Med Sci. 2022;19(2):458-466. doi: 10.5114/aoms/157308

12.

20.

21.

22.

23

24,

25.

26.

27.

28.

29.

. National

Rossouw JE, Anderson GL, Prentice RL, et al. Risks and benefits of
estrogen plus progestin in healthy postmenopausal women: principal
results from the Women's health initiative randomized controlled trial.
JAMA. 2002;288(3):321-333. doi: 10.1001/jama.288.3.321

. Alsugeir D, Wei L, Adesuyan M, et al. Hormone replacement ther-

apy prescribing in menopausal women in the UK: a descriptive
study [published correction appears in BJGP open. 2023 Mar 21;7
(1)]. BJGP Open. 2022 [cited 2022 Dec 20];6(4):BJGP0.2022.0126.
doi: 10.3399/BJGP0.2022.0126

. Manson JE, Chlebowski RT, Stefanick ML, et al. Menopausal hor-

mone therapy and health outcomes during the intervention and
extended poststopping phases of the Women'’s health initiative
randomized trials. JAMA. 2013;310(13):1353-1368. doi: 10.1001/
jama.2013.278040

. Oliver-Williams C, Glisic M, Shahzad S, et al. The route of administra-

tion, timing, duration and dose of postmenopausal hormone therapy
and cardiovascular outcomes in women: a systematic review. Hum
Reprod Update. 2019;25(2):257-271. doi: 10.1093/humupd/dmy039

. Kernohan AF, Sattar N, Hilditch T, et al. Effects of low-dose contin-

uous combined hormone replacement therapy on glucose home-
ostasis and markers of cardiovascular risk in women with type 2
diabetes. Clin Endocrinol (Oxf). 2007;66(1):27-34. doi: 10.1111/j.
1365-2265.2006.02679.x

Institute for Health and Care Excellence (NICE).
Menopause: diagnosis and management NICE Guideline; 2015.
Available from: www.nice.org.uk/guidance/ng23

This guideline was used as one of the main background infor-
mation used for conducting this study.

. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-

ment: an updated guideline for reporting systematic reviews. BMJ.
2021;372:n71. doi: 10.1136/bmj.n71

This study introduced the main theoretical framework used in
this study.

. McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): an R

package and shiny web app for visualizing risk-of-bias assessments.
Res Synth Methods. 2021;12(1):55-61. doi: 10.1002/jrsm.1411
Dettori JR, Norvell DC, Chapman JR. Fixed-effect vs random-effects
models for meta-analysis: 3 points to consider. Global Spine J.
2022;12(7):1624-1626. doi: 10.1177/21925682221110527

Review Manager (RevMan). Version 5.4. The Cochrane collabora-
tion. Available at revman.cochrane.org.

Hsia J, Criqui MH, Herrington DM, et al. Conjugated equine estro-
gens and peripheral arterial disease risk: the Women'’s health initia-
tive. Am Heart J. 2006;152(1):170-176. doi: 10.1016/j.ahj.2005.09.005

. Hsia J, Langer RD, Manson JE, et al. Conjugated equine estrogens and

coronary heart disease: the Women'’s health initiative [published cor-
rection appears in arch Intern med. 2006 Apr 10;166(7): 759]. Arch
Intern Med. 2006;166(3):357-365. doi: 10.1001/archinte.166.3.357
Hendrix SL, Wassertheil-Smoller S, Johnson KC, et al. Effects of
conjugated equine estrogen on stroke in the Women'’s health
initiative. Circulation. 2006;113(20):2425-2434. doi: 10.1161/
CIRCULATIONAHA.105.594077

Manson JE, Hsia J, Johnson KC, et al. Estrogen plus progestin and
the risk of coronary heart disease. N Engl J Med. 2003;349(6):523-
534. doi: 10.1056/NEJM0a030808

Hsia J, Criqui MH, Rodabough RJ, et al. Estrogen plus progestin and
the risk of peripheral arterial disease: the Women'’s health initiative.
Circulation. 2004;109(5):620-626. doi: 10.1161/01.CIR.0000115309.
63979.92

Perez MV, Wang PJ, Larson JC, et al. Effects of postmenopausal
hormone therapy on incident atrial fibrillation: the Women'’s health
initiative randomized controlled trials. Circ Arrhythm Electrophysiol.
2012;5(6):1108-1116. doi: 10.1161/CIRCEP.112.972224

Stefanick ML, Cochrane BB, Hsia J, et al. The Women'’s health
initiative postmenopausal hormone trials: overview and baseline
characteristics of participants. Ann Epidemiol. 2003;13(9):578-586.
doi: 10.1016/51047-2797(03)00045-0

Anderson GL, Manson J, Wallace R, et al. Implementation of the
Women's health initiative study design. Ann Epidemiol. 2003;13(9):
S5-517. doi: 10.1016/s1047-2797(03)00043-7


https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.bhf.org.uk
https://www.bhf.org.uk
https://www.statista.com/statistics/386529/mortality-rate-of-stroke-by-gender-and-age-in-england-and-wales/
https://www.statista.com/statistics/386529/mortality-rate-of-stroke-by-gender-and-age-in-england-and-wales/
https://www.statista.com/statistics/386529/mortality-rate-of-stroke-by-gender-and-age-in-england-and-wales/
https://doi.org/10.1001/archinte.164.9.934
https://doi.org/10.1007/s12170-015-0462-5
https://doi.org/10.1007/s00125-014-3260-6
https://doi.org/10.1016/S0140-6736(14)60040-4
https://doi.org/10.1016/S0140-6736(14)60040-4
https://doi.org/10.1016/S2213-8587(22)00076-6
https://doi.org/10.1080/13697137.2016.1267723
https://doi.org/10.1097/gme.0b013e318154b6f5
https://doi.org/10.5114/aoms/157308
https://doi.org/10.1001/jama.288.3.321
https://doi.org/10.3399/BJGPO.2022.0126
https://doi.org/10.1001/jama.2013.278040
https://doi.org/10.1001/jama.2013.278040
https://doi.org/10.1093/humupd/dmy039
https://doi.org/10.1111/j.1365-2265.2006.02679.x
https://doi.org/10.1111/j.1365-2265.2006.02679.x
http://www.nice.org.uk/guidance/ng23
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1177/21925682221110527
https://doi.org/10.1016/j.ahj.2005.09.005
https://doi.org/10.1001/archinte.166.3.357
https://doi.org/10.1161/CIRCULATIONAHA.105.594077
https://doi.org/10.1161/CIRCULATIONAHA.105.594077
https://doi.org/10.1056/NEJMoa030808
https://doi.org/10.1161/01.CIR.0000115309.63979.92
https://doi.org/10.1161/01.CIR.0000115309.63979.92
https://doi.org/10.1161/CIRCEP.112.972224
https://doi.org/10.1016/s1047-2797(03)00045-0
https://doi.org/10.1016/s1047-2797(03)00043-7

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

Petitti DB, Sidney S, Cp Q Jr. Hormone replacement therapy and
the risk of myocardial infarction in women with coronary risk
factors. Epidemiology. 2000;11(5):603-606. doi: 10.1097/00001648-
200009000-00018

Rockman CB, Maldonado TS, Jacobowitz GR, et al. Hormone repla-
cement therapy is associated with a decreased prevalence of per-
ipheral arterial disease in postmenopausal women. Ann Vasc Surg.
2012;26(3):411-418. doi: 10.1016/j.avsg.2011.10.012

Newton KM, LaCroix AZ, Heckbert SR, et al. Estrogen therapy and risk of
cardiovascular events among women with type 2 diabetes. Diabetes
Care. 2003;26(10):2810-2816. doi: 10.2337/diacare.26.10.2810

Chen YH, Hsieh TF, Lee CC, et al. Estrogen therapy and ischemic
stroke in women with diabetes aged over 55 years: a nation-wide
prospective population-based study in Taiwan. PLoS One. 2015
[cited 2015 Dec 14];10(12):e0144910. doi: 10.1371/journal.pone.
0144910

Gami AS, Wright RS, Ballman KV, et al. Hormone replacement
therapy and risk of acute myocardial infarction in postmenopausal
women with diabetes mellitus. Am J Cardiol. 2003;91(10):1275-
1277. doi: 10.1016/50002-9149(03)00284-4

Lokkegaard E, Pedersen AT, Heitmann BL, et al. Relation between
hormone replacement therapy and ischaemic heart disease in
women: prospective observational study. BMJ. 2003;326
(7386):426. doi: 10.1136/bm);j.326.7386.426

Grodstein F, Manson JE, Stampfer MJ. Hormone therapy and cor-
onary heart disease: the role of time since menopause and age at
hormone initiation. J Womens Health (Larchmt). 2006;15(1):35-44.
doi: 10.1089/jwh.2006.15.35

Varas-Lorenzo C, Garcia-Rodriguez LA, Perez-Gutthann S, et al.
Hormone replacement therapy and incidence of acute myocardial
infarction. A population-based nested case-control study. Circulation.
2000;101(22):2572-2578. doi: 10.1161/01.cir.101.22.2572

Kaplan RC, Heckbert SR, Weiss NS, et al. Postmenopausal estrogens
and risk of myocardial infarction in diabetic women. Diabetes Care.
1998;21(7):1117-1121. doi: 10.2337/diacare.21.7.1117

Lokkegaard E, Andreasen AH, Jacobsen RK, et al. Hormone therapy
and risk of myocardial infarction: a national register study. Eur
Heart J. 2008;29(21):2660-2668. doi: 10.1093/eurheartj/ehn408
Canonico M, Carcaillon L, Plu-Bureau G, et al. Postmenopausal
hormone therapy and risk of stroke: impact of the route of estro-
gen administration and type of Progestogen. Stroke. 2016;47
(7):1734-1741. doi: 10.1161/STROKEAHA.116.013052

Lawrenson RA, Leydon GM, Newson RB, et al. Coronary heart disease
in women with diabetes. Positive association with past hysterect-
omy and possible benefits of hormone replacement therapy.
Diabetes Care. 1999;22(5):856-857. doi: 10.2337/diacare.22.5.856
Ferrara A, Quesenberry CP, Karter AJ, et al. Current use of unop-
posed estrogen and estrogen plus progestin and the risk of acute
myocardial infarction among women with diabetes: the northern

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

EXPERT OPINION ON PHARMACOTHERAPY e 2105

California kaiser permanente diabetes registry, 1995-1998.
Circulation. 2003;107(1):43-48. doi: 10.1161/01.cir.0000042701.
17528.95
This study provided the biggest weight in the meta-
analyses.
Dunne FP, Harris P, Keane L, et al. Hormone replacement therapy

and diabetes mellitus. Clin Endocrinol (Oxf). 1996;44(6):615-620.
doi: 10.1046/j.1365-2265.1996.7540770.x

Paschou SA, Papanas N. Type 2 diabetes mellitus and menopausal
hormone therapy: an update. Diabetes Ther. 2019;10(6):2313-2320.
doi: 10.1007/513300-019-00695-y

Kim JE, Chang JH, Jeong MJ, et al. A systematic review and meta-
analysis of effects of menopausal hormone therapy on cardiovas-
cular diseases. Sci Rep. 2020 [cited 2020 Nov 26];10(1):20631. doi:
10.1038/541598-020-77534-9

The most updated systematic review in general population
which was used to search for subgroup analysis in women
with diabetes.

Lutsey PL, Norby FL, Alonso A, et al. Atrial fibrillation and venous
thromboembolism: evidence of bidirectionality in the atherosclero-
sis risk in communities study. J Thromb Haemost. 2018;16(4):670-
679. doi: 10.1111/jth.13974

Dijkman B, Kooistra B, Bhandari M, et al. How to work with a
subgroup analysis. Can J Surg. 2009;52(6):515-522.

Einarson TR, Acs A, Ludwig C, et al. Prevalence of cardiovascular
disease in type 2 diabetes: a systematic literature review of scien-
tific evidence from across the world in 2007-2017. Cardiovasc
Diabetol. 2018 [cited 2018 Jun 8];17(1):83. doi: 10.1186/s12933-
018-0728-6

Mauvais-Jarvis F, Manson JE, Stevenson JC, et al. Menopausal hor-
mone therapy and type 2 diabetes prevention: evidence, mechan-
isms, and clinical implications. Endocr Rev. 2017;38(3):173-188. doi:
10.1210/er.2016-1146

Speksnijder EM, Ten Noever de Brauw GV, Malekzadeh A, et al.
Effect of postmenopausal hormone therapy on glucose regulation
in women with type 1 or type 2 diabetes: a systematic review and
meta-analysis. Diabetes Care. 2023;46(10):1866-1875. doi: 10.2337/
dc23-0451

Curb JD, McTiernan A, Heckbert SR, et al. Outcomes ascertainment
and adjudication methods in the Women'’s health initiative. Annals
Of Epidemiology. 2003;13(9):5122-5128. doi: 10.1016/51047-2797
(03)00048-6

Fried LP, Borhani NO, Enright P, et al. The cardiovascular health
study: design and rationale. Ann Epidemiol. 1991;1(3):263-276. doi:
10.1016/1047-2797(91)90005-w

Gillum RF, Fortmann SP, Prineas RJ, et al. International diagnostic
criteria for acute myocardial infarction and acute stroke. Am Heart
J. 1984;108(1):150-158. doi: 10.1016/0002-8703(84)90558-1


https://doi.org/10.1097/00001648-200009000-00018
https://doi.org/10.1097/00001648-200009000-00018
https://doi.org/10.1016/j.avsg.2011.10.012
https://doi.org/10.2337/diacare.26.10.2810
https://doi.org/10.1371/journal.pone.0144910
https://doi.org/10.1371/journal.pone.0144910
https://doi.org/10.1016/s0002-9149(03)00284-4
https://doi.org/10.1136/bmj.326.7386.426
https://doi.org/10.1089/jwh.2006.15.35
https://doi.org/10.1161/01.cir.101.22.2572
https://doi.org/10.2337/diacare.21.7.1117
https://doi.org/10.1093/eurheartj/ehn408
https://doi.org/10.1161/STROKEAHA.116.013052
https://doi.org/10.2337/diacare.22.5.856
https://doi.org/10.1161/01.cir.0000042701.17528.95
https://doi.org/10.1161/01.cir.0000042701.17528.95
https://doi.org/10.1046/j.1365-2265.1996.7540770.x
https://doi.org/10.1007/s13300-019-00695-y
https://doi.org/10.1038/s41598-020-77534-9
https://doi.org/10.1038/s41598-020-77534-9
https://doi.org/10.1111/jth.13974
https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.1186/s12933-018-0728-6
https://doi.org/10.1210/er.2016-1146
https://doi.org/10.1210/er.2016-1146
https://doi.org/10.2337/dc23-0451
https://doi.org/10.2337/dc23-0451
https://doi.org/10.1016/s1047-2797(03)00048-6
https://doi.org/10.1016/s1047-2797(03)00048-6
https://doi.org/10.1016/1047-2797(91)90005-w
https://doi.org/10.1016/1047-2797(91)90005-w
https://doi.org/10.1016/0002-8703(84)90558-1

	Abstract
	1.  Introduction
	2.  Methods
	2.1.  Eligibility criteria
	2.2.  Search strategy
	2.3.  Study selection and data extraction
	2.4.  Risk of bias
	2.5.  Data synthesis

	3.  Results
	3.1.  Study selection
	3.2.  Study characteristics
	3.2.1.  Randomized controlled trials
	3.2.2.  Observational studies

	3.3.  Results of individual studies
	3.3.1.  Randomized controlled trials
	3.3.2.  Observational studies
	3.3.3.  Effect of estrogen dosage
	3.3.4.  Duration of HRT usage

	3.4.  Meta-analysis for MI outcome
	3.5.  Risk of bias

	4.  Discussion
	4.1.  Summary and interpretation
	4.2.  Strengths and limitations
	4.3.  Implications

	Abbreviations
	Registration and protocol
	Funding
	Declaration of interest
	Availability of data and other materials
	Acknowledgments
	Reviewer disclosures
	References

