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ORIGINAL ARTICLE

Association Between the Route of Administration 
and Formulation of Estrogen Therapy and 
Hypertension Risk in Postmenopausal Women: A 
Prospective Population-Based Study
Cindy Z. Kalenga , Amy Metcalfe , Magali Robert , Kara A. Nerenberg , Jennifer M. MacRae , Sofia B. Ahmed

BACKGROUND: Hypertension is the leading global cause of cardiovascular disease and premature mortality in women. The 
effects of postmenopausal hormone therapy (HT) on blood pressure are uncertain but may be related to route of estrogen 
administration and formulation of estrogen. We sought to determine the association between route of administration and 
formulation of estrogen HT and hypertension risk in postmenopausal women.

METHODS: Population-based cohort study with women aged ≥45 years who filled ≥2 consecutive prescriptions for estrogen-
only HT, identified from linked provincial health administrative data from Alberta, Canada, between 2008 and 2019. The 
primary outcome, incident hypertension, was identified using standardized International Classification of Diseases, Ninth and 
Tenth Revision. Cox proportional hazard models were used to calculate hazard ratios (HRs) for hypertension in women using 
oral HT compared with nonoral HT (transdermal, vaginal, or intramuscular).

RESULTS: In total, 112 240 women used an estrogen-only form of HT. Oral estrogen was associated with a higher risk of 
hypertension compared with both transdermal (HR, 1.14 [95% CI, 1.08–1.20]) and vaginal (HR, 1.19 [95% CI, 1.13–1.25]) 
estrogens. Conjugated equine estrogen was associated with an increased risk of hypertension compared with estradiol (HR, 
1.08 [95% CI, 1.04–1.14]) but not estrone (HR, 1.00 [95% CI, 0.93–1.10]). Duration of estrogen exposure and cumulative 
dose of estrogen was positively associated with risk of hypertension.

CONCLUSIONS: Oral estrogen-only HT use was associated with an increased risk of hypertension in women. In women using estrogen-
only HT, nonoral estradiol at the lowest dose and for the shortest time-period is associated with the lowest risk of hypertension. 
(Hypertension. 2023;80:1463–1473. DOI: 10.1161/HYPERTENSIONAHA.122.19938.) • Supplement Material.
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Hypertension is the leading modifiable risk factor for 
premature death and both cardiovascular and kidney 
diseases in women worldwide1; this risk increases 

sharply after menopause.2 Globally, >1 billion women will be 
menopausal by the year 2025.3 Three quarters of women 
undergoing the menopausal transition experience vasomo-
tor symptoms (VMS) that, on average, persist for 7.4 years.4 
International guidelines5 suggest that hormone therapy 
(HT) is the most effective treatment of VMS, such as hot 

flashes and night sweats. Although use of HT remains the 
gold standard for relief of VMS and is indicated for short 
term use,5 the long-term effects of HT on cardiovascular 
health outcomes has become increasingly important. Pre-
vious data examining the use of combined HT suggested 
potential cardiovascular harm.6,7 However, studies examin-
ing the effect of oral estrogen alone suggest that nonoral 
routes of estrogen administration, such as transdermal, 
may be associated with a lower risk of cardiovascular 
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outcomes.8–12 Previous studies have reported an increased 
risk of cardiovascular disease with use of HT, though 
many have included concomitant estrogen and progestin 
use and few have controlled for the route of administra-
tion, estrogen type, dose, or duration of use.13 A recent 
systematic review examining these key factors concluded 
that the quality of evidence included was generally low or 
moderate,10 highlighting a need for more rigorous research 
to better understand the associations between HT and car-
diovascular health in this growing population of females.

The high global prevalence of hypertension in women,14 
coupled with the uncertainty of the effect of postmeno-
pausal estrogen use on blood pressure, led to this exami-
nation of the association between estrogen route of 
administration and incident hypertension in a population-
based cohort. In addition, we sought to determine whether 
estrogen formulation, cumulative dose, and duration of 
use were associated with risk of incident hypertension.

METHODS
Data Availability
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Study Design
This prospective cohort study used de-identified, population-
based administrative data holdings from the province of Alberta, 
Canada (population 4.4 million). The University of Calgary 
Conjoint Health Research Ethics Board approved this study 
(Ethics ID: REB20-0093). This analysis is reported accord-
ing to the Reporting of studies Conducted using Observational 
Routinely collected Data guidelines.

Data Sources
Data sources include the Physician Claims Database, National 
Ambulatory Care Classification Database, Discharge Abstract 
Database, and data on dispensed prescription medication 
from the Pharmaceutical Information Network, which collects 
information from all outpatient pharmacies in the province of 
Alberta. These databases were originally created for health care 
management and monitoring (eg, insurance claims and remu-
nerating physicians) under the universal health care system in 
Canada. The databases are suitable for research purposes as 
they contain rich information at the population level and have 
mechanisms to ensure high data quality. These data holdings 
in Alberta are maintained by Alberta Health and Alberta Health 
Services and cover >99.0% of the general population of the 
province. Deterministic linkage using the personal health num-
ber, sex, and date of birth were used to link records from mul-
tiple data sets.

Identification of Study Cohort
Women aged ≥45 years who filled ≥2 prescriptions for the 
same form of postmenopausal HT for a minimum of 6 months 
between April 1, 2008 and March 31, 2019, were included 
in the cohort. The prevalence of transgender individuals is 
0.5% to 1.6%.15 We assumed that any participants who filled 
prescriptions for estrogen identified as women. Incident HT 
prescriptions were determined by applying a 1-year washout 
period before the first recorded filled prescription. Eligible HT 
prescriptions were identified using the Anatomic Therapeutic 
Chemical Chemical Classification System,16 an international 
coding schema related to a specific drug or class of drugs 
developed by the World Health Organization (see Supplemental 
Material  for list of relevant Anatomical Therapeutic Chemical 

NOVELTY AND RELEVANCE

What Is New?
Hypertension is the leading global cause of prema-
ture mortality in women and increases sharply with the 
menopausal transition.
The effect of postmenopausal hormone replacement 
therapy on blood pressure is uncertain but may be 
related to route of estrogen administration and formu-
lation of estrogen.

What Is Relevant?
Blood pressure screening and monitoring is important 
in menopausal individuals, especially after the initiation 
of estrogen-only menopausal hormone therapy.

Clinical/Pathophysiological Implications?
The results of our prospective study of 112 240 
women using an estrogen-only form of hormone ther-
apy suggest that nonoral estradiol at the lowest dose 
and for the shortest time period is associated with the 
lowest risk of hypertension.

Nonstandard Abbreviations and Acronyms

CEE	 conjugated equine estrogen
HDL-C	 high-density lipoprotein cholesterol
HR	 hazard ratio
HT	 hormone therapy
ICD	 International Disease Classification
KEEPS	 Kronos Early Estrogen Prevention Study
VMS	 vasomotor symptoms
WHI-OS	� Women’s Health Initiative Observational 
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codes). Corresponding Drug Identification Numbers were used 
to identify the HT formulation, including dosage and route of 
administration.

Women were deemed nonadherent to postmenopausal HT 
if there was a gap of >6 months between dispensed dates and 
were excluded from analysis. Women who filled a prescription for 
one formulation of HT and then filled a prescription for another 
formulation of HT during the study period were classified as hav-
ing switched treatment and were also excluded from the analysis.

Measures of Exposure
Use of HT was identified through multiple approaches. The first 
approach categorized HT exposure using 3 mutually exclusive 
groups: (1) estrogen-only use: at least 6 months of use and no 
prescriptions for progestin; (2) progestin-only use: at least 6 
months of use and no prescriptions for estrogen; (3) estrogen 
and progestin combined use: at least 6 months of prescriptions 
for estrogen and 6 months prescription for progestin. To inves-
tigate the effects of estrogen alone on the primary outcome, 
only women who filled prescriptions for estrogen-only HT were 
included in this analysis. Estrogen exposure was categorized by 
the route of administration ([1] oral; [2] transvaginal; [3] trans-
dermal; and [4] intramuscular) and by formulation of estrogen. 
Cumulative estrogen dose was calculated using the defined 
daily dose provided by the World Health Organization and mul-
tiplying by the exposure period. Duration of estrogen use was 
determined by calculating the time between the first and last 
prescription dispensed dates or the end of the study period.

Definition of Outcomes
The primary outcome of incident hypertension was defined 
using the following validated criteria: (1) 2 or more physician 
claims for hypertension within 2 years; or (2) one recording of 
hypertension in the hospital discharge abstract with a primary 
or secondary diagnosis of hypertension.17 We identified hyper-
tension cases using the International Disease Classification 
(ICD) codes (ICD-9-CM: 401.x, 402.x, 403.x, 404.x, 405.x; 
ICD-10-CA: I10.x, I11.x, I12.x, I13.x, I15.x). Cases were deemed 
incident if the hypertension diagnosis occurred after the HT 
prescription start date. The sensitivity of this case definition for 
hypertension is 66% to 72% with a specificity of 95% to 97%, 
positive predictive value of 77% to 87%, and negative predic-
tive value of 88% to 5%.17,18

Measuring Covariates
A measurement of comorbidity status, based on ICD-9 and 
ICD-10 codes, was calculated using the Elixhauser comorbidity 
index.19The Elixhauser comorbidity index is a method of cat-
egorizing comorbidities of patients based on the ICD diagnosis 
codes found in administrative data. Each comorbidity category 
is dichotomous; it is either present or it is not to produce an 
overall score for the Elixhauser Index. The original Elixhauser 
comorbidity index includes 30 disease conditions, however, 
hypertension was removed as a comorbidity as it was the pri-
mary outcome of the study.

Statistical Analysis
Baseline characteristics by route of estrogen administration 
were presented as the mean ± SD for normally distributed 

continuous variables and number (percentages) for categori-
cal variables. Differences in baseline characteristics across cat-
egories of estrogen routes of administration were determined 
using independent t tests and Kruskal-Wallis tests, where 
appropriate. Cox proportional hazard models were used to cal-
culate hazard ratios (HR) for the risk of hypertension in women 
using oral estrogen compared with nonoral routes of estrogen 
therapy (transdermal, vaginal, or intramuscular). The HR for the 
route of estrogen administration and risk of hypertension were 
controlled for age, rural status, Elixhauser comorbidity score, 
duration of exposure in years, daily defined dose, estrogen for-
mulation, and the interaction variable of route of administration 
and estrogen formulation. The HR of the estrogen formulation 
and risk of hypertension were controlled for age, rural status, 
Elixhauser comorbidity score, duration of exposure in years, 
daily defined dose, route of administration. The interaction 
between the variable route of administration and formulation 
of estrogen was tested, and if significant was included in the 
model. Furthermore, the interaction between age and duration 
of use was tested and if significant was included in the model. 
Models were stratified by 10-year age cohort (based on age 
of initiation) and interaction terms were tested to assess for 
potential multiplicative effects of age cohort, route of estrogen 
administration and formulation of estrogen. Margins plots were 
employed to illustrate the predictive probability of hypertension 
with increasing cumulative dose or duration of use. Sensitivity 
analyses were conducted restricting the study population to 
women who had ≤4 months between estrogen prescription dis-
pensed dates for a more conservative definition of continuous 
use based upon common prescribing practices.

RESULTS
Baseline Characteristics
Of the 229 636 participants who filled at least 2 pre-
scriptions for estrogen HT between 2008 and 2019, 
112 240 participants were classified as estrogen-only 
users (Figure 1). Baseline participant characteristics by 
route of administration of estrogen use are shown in 
Table 1. The most common route of estrogen use was 
vaginal, followed by oral and transdermal use. There 
were 15 participants using only intramuscular estrogen, 
and they were excluded from further analysis due to low 
numbers. The most common age of initiation of estrogen 
use was between 50 and 59 years and women who used 
transdermal HT were significantly younger than both oral 
(P=0.02) and vaginal (P=0.03) HT users. Upon stratifi-
cation by estrogen route of administration, 3 quarters of 
women used a nonoral estrogen (Table 1). Of the estro-
gen-only hormone therapies dispensed, 3 formulations 
of synthetic estrogen were present, with the majority 
being estradiol (55%) and conjugated equine estrogen 
(CEE; 40%), and a small minority using estrone (5%). 
Oral estrogen use was mainly CEE, while transdermal 
and vaginal HT use was primarily estradiol. The majority 
of women exceeded 3 years of estrogen use (median, 
4.7 years [interquartile range, 2.4–7.4]), irrespective of 
route of administration. The percentage of participants 
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with a rural status did not differ by route of administration 
(P=0.75). Oral estrogen users had a significantly higher 
comorbidity score compared with transdermal or vaginal 
estrogen users (P=0.001).

Route of Estrogen Administration and Risk of 
Hypertension
Oral estrogen, as compared with both transdermal and 
vaginal, was associated with an increase in incident 
hypertension (oral versus transdermal: HR, 1.14 [95% 
CI, 1.08–1.20]; oral versus vaginal: HR, 1.19 [95% CI, 
1.13–1.25]). Age cohorts significantly modified the 
association between the route of estrogen administra-
tion and the risk of hypertension (Figure 2). Stronger 
associations were observed with oral compared with 
transdermal estrogen use and hypertension younger 
compared with older age cohorts (P<0.02 for trend), 
while stronger associations were observed between 
oral and vaginal estrogen use and hypertension in older 
compared with younger age cohorts (P<0.001 for 
trend). No differences in the risk of hypertension were 
observed between transdermal and vaginal estrogen 
uses across age cohorts (Figure S1). There was a mul-
tiplicative effect between route of administration and 
formulation of estrogen (P=0.023), and this interaction 
term was included in the analyses.

Formulation of Estrogen and Risk of 
Hypertension
Use of CEE was associated with an increased risk of 
hypertension when compared with estradiol (CEE versus 
estradiol, 1.08 [95% CI, 1.04–1.14]) but not estrone (CEE 
versus estrone, 1.00 [95% CI, 0.93–1.10]; Figure 3). Age 
cohort significantly modified the association between 
CEE and risk of hypertension (P<0.001). No differences 
in risk of incident hypertension were observed with estra-
diol compared with estrone use (Figure S2). There was a 
multiplicative effect between route of administration and 
formulation of estrogen (P=0.023), and this interaction 
term was included in the analyses.

Duration of Estrogen Exposure and Risk of 
Hypertension
Duration of estrogen exposure was positively and sig-
nificantly associated with risk of hypertension (Figure 4A 
and 4B). When stratified by route of administration, 
longer duration of oral estrogen use was significantly 
associated with the greatest increase in the risk of 
hypertension, followed by vaginal and transdermal use 
(Figure 4A). When stratified by estrogen formulation, the 
strongest associations with risk of hypertension were 
observed with longer duration of CEE and estrone use, 

Figure 1. Study flow diagram.
 HT indicates hormone therapy hormone therapy.
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with a weaker association observed with duration of 
estradiol use (Figure 4B).

Cumulative Estrogen Dose and Risk of 
Hypertension
Higher daily doses of estrogen, independent of the route of 
administration or type of estrogen, were significantly associ-
ated with a linear increase in the probability of hypertension 
(Figure 4C and 4D). Higher daily estrogen dose in oral form, 
compared with the same dose in transdermal and vaginal 
form, was associated with a significantly greater risk of 
hypertension (Figure 4C). Analysis of daily dose by estro-
gen formulation demonstrated that estradiol use was asso-
ciated with the lowest risk of hypertension compared with 
the same estrogen dose with CEE and estrone (Figure 4D).

Sensitivity Analysis
Restricting the study population to participants who had ≤4 
months between estrogen prescription dispensed dates 
did not significantly alter the results (data not shown).

DISCUSSION
To date, this is the largest study examining the asso-
ciations between route of administration, formulation, 

duration of use and cumulative dose of estrogen and 
the risk of hypertension in postmenopausal women. The 
key findings of this study are as follows: (1) oral, com-
pared with both transdermal and vaginal, estrogen use 
was associated with an increased risk of hypertension; 
(2) estradiol, compared with CEE, was associated with 
a reduced risk of hypertension; (3) there was a dose-
response relationship between cumulative estrogen 
exposure and risk of hypertension; (4) longer duration of 
estrogen exposure was associated with increased risk of 
hypertension. Taken together, these data suggests that 
in women using estrogen-only HT, use of nonoral estra-
diol at the lowest dose and for the shortest period of time 
may minimize the risk of incident hypertension.

In women who are experiencing VMS or premature 
menopause, HT is recommended.5,7 Although multiple 
studies have examined the effect of HT on cardiovascu-
lar outcomes,20–24 few studies have specifically examined 
route of estrogen administration. The KEEPS (Kro-
nos Early Estrogen Prevention Study) randomized 727 
healthy postmenopausal women within 3 years of their 
final menstrual period to either oral CEE 0.45 mg/d, 
transdermal estradiol patch 50 μg/d or placebo.23 After 
4 years of follow-up, oral CEE use was associated with 
greater increases in HDL-C (high-density lipoprotein 
cholesterol), triglycerides and hs-CRP (high sensitivity 
C-reactive protein) than use of transdermal estradiol or 

Table 1.  Descriptive Characteristics

Characteristics Oral (n=26 671) 

Nonoral (n=85 569)

Vaginal (n=70 576) Transdermal (n=14 993) 

Age, y 58 (10) 62 (10)* 55 (8)*†

Estrogen type

 � Estradiol 3332 (12%) 43 562 (62%) 14 993 (100%)

 � Conjugated equine estrogen 22 286 (84%) 26 570 (24%) 0

 � Estrone 1053 (4%) 444 (<1%) 0

Age of initiation, y

 � <50 5677 (21%) 5450 (8%) 4049 (27%)

 � 50–59 10 757 (40%) 29 137 (42%) 7296 (49%)

 � 60–69 6287 (24%) 20 108 (28%) 2653 (18%)

 � 70–79 2931 (11%) 10 388 (15%) 824 (5%)

 � >80 1019 (4%) 5493 (7%) 171 (1%)

Duration of use, y

 � <1 1863 (7%) 8158 (12%) 1108 (7%)

 � 1–3 5681 (21%) 20 884 (30%) 3269 (22%)

 � 3–6 6270 (24%) 19 962 (28%) 3710 (25%)

  �≥6 12 857 (48%) 21 572 (30%) 6906 (46%)

Rural status 3252 (12%) 11 7763 (11%) 1799 (12%)

Elixhauser comorbidity score 1.33 (0.7) 1.20 (0.70)* 1.18 (0.6)*†

Baseline characteristics by route of estrogen administration were presented as the mean±SD for normally 
distributed continuous variables and number (percentages) for categorial variables. Differences in baseline char-
acteristics across categories of estrogen routes of administration were determined using independent t tests and 
Kruskal-Wallis tests, where appropriate.

*Data representing statistical significant values (P<0.05) compared with use of oral estrogen therapy.
†Data representing statistical significant values (P<0.05) compared with use of vaginal estrogen therapy.D
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placebo.23 This study did not observe differences in pro-
gression of atherosclerosis using carotid intima-media 
thickness by estrogen formulation, which may be because 
participants were free of subclinical coronary atheroscle-
rosis at trial entry, younger (53 years old) and tended to 
have low baseline body mass index, blood pressure and 
lipid values, thus potentially impacting the study’s gen-
eralizability.23 The WHI-OS (Women’s Health Initiative 
Observational Study) evaluated the association between 
HT dose, formulation, route of administration, and risk of 
cardiovascular events in 93 676 postmenopausal women 
over a 10.4 year follow-up period. Similar to our find-
ings, the transdermal route of administration, lower dose 
estrogen, and estradiol (as compared with CEE) were 
associated with lower risks of cardiovascular disease.8 
A smaller WHI-OS study of normotensive participants 
using menopausal HT (n=19 986) demonstrated that 

compared with CEE with or without a progestin, the odds 
for newly treated hypertension were lower in women who 
used transdermal estradiol or oral estrone sulphate dom-
inant preparations.12 Of note, participants in the WHI-OS 
were a highly select population group with concomitant 
progestin use while participants in our study were an 
unselected community-based cohort using estrogen-
only therapy which may account for differences in study 
outcomes. A French prospective population-based study 
of normotensive women using menopausal HT reported 
that oral but not transdermal estrogen use was associ-
ated with an increased risk of hypertension, particularly 
in combination with a progestogen such as pregnane 
and norpregnane derivatives.11 An important distinction 
to note in our study is the exclusion of women using 
combination menopausal HT to avoid any potential influ-
ence of progestins on the risk of hypertension.

Figure 2. Hazard ratios (HR) for the 
risk for hypertension by route of 
administration of hormone therapy, 
stratified by 10-year age cohort.
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Previous studies in normotensive postmenopausal 
women have demonstrated reductions in blood pressure 
with transdermal, but not oral estrogen use.12,25–27 Dif-
ferences in pharmacokinetics may explain the distinc-
tions in hypertension risk observed by route of estrogen 
administration. Oral estrogen, unlike nonoral formula-
tions, undergoes first-pass hepatic metabolism which 
has been hypothesized to result in activation of the renin 
angiotensin aldosterone system.8,25,28 In the liver, hepatic 
angiotensinogen mRNA production is responsive to 
estrogen, leading to greater downstream angiotensin 
II levels.29 Angiotensin II is a powerful vasoconstrictor 
associated with significant increases in blood pres-
sure.30 Transvaginal delivery of estrogen concentrates 
hormone locally and provides a low systemic hormonal 
exposure.31 Thus, increased renin angiotensin aldoste-
rone system activation provides a potential biological 
explanation for the greater risk of hypertension associ-
ated with oral estrogen exposure, though this was not 

examined in our study so remains a theoretical underly-
ing explanation.

Previous studies have not directly compared formu-
lation of exogenous estrogen while also controlling for 
route of administration. In a study of 222 of postmeno-
pausal women randomized to either oral estradiol or 
placebo, there was no change in blood pressure after 2 
years.32 In contrast, oral CEE (n=5994) has been associ-
ated with increased risk of hypertension compared with 
placebo (n=5679) after 5.6 years.33To our knowledge, 
there are no studies that investigate the effect of exog-
enous estrone on cardiovascular disease.

Animal studies have suggested a dose-response asso-
ciation between estrogen and measures of cardiovascu-
lar risk, with higher doses of estrogen in ovariectomized 
mice resulting in increased cardiac and kidney injury and 
death.34 Large observational studies in postmenopausal 
women8,35 reported that lower doses of CEE (0.3 mg/d) 
were associated with a nonsignificant trend towards a 

Figure 3. Hazard ratios (HR) for 
the risk for hypertension by type of 
estrogen, stratified by 10-year age 
cohort.
CEE indicates conjugated equine 
estrogen.
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decreased risk of cardiovascular events compared with 
standard dose (0.625 mg). In addition, the standard dose 
was associated with an increased risk of stroke.

For women 10 or more years past menopause at time 
of menopausal HT, incident self-reported treated hyper-
tension was significantly greater with higher dose CEE 
compared with 0.625 mg CEE.12 Of note, there is very 
low systemic bioavailability (2%–10%) with oral estrogen 
due to gut and liver absorption, therefore, higher doses 
are required to be effective,28 which may compound any 
risk associated with oral forms of estrogen.

Our finding that the association between oral estro-
gen use and risk of hypertension was greatest in younger 
women deserves particular emphasis. A reanalysis of the 
Women’s Health Study suggested that women who initi-
ated combined HT (eg, oral CEE and medroxyproges-
terone) before 60 years of age and within 10 years of 
menopause benefitted from a cardiovascular perspec-
tive;6 this is often referred to as the timing hypothesis. 
Similar findings have been observed in a review of Nurses’ 
Health Study publications,36 where younger women who 

are closer to menopause onset have a more favorable 
risk-benefit profile than do older women from use of HT 
for relief of VMS. Although we were not able to confirm 
at what age participants achieved menopause, the aver-
age age of natural menopause in Canada is 51 years.37 
Considering these findings, our study suggested that in 
young women, although HT may be beneficial closer to 
menopausal onset, the route of administration may play 
a great role in mediating the risk for hypertension, with 
oral forms demonstrating a greater harm. Alternatively, 
in older cohorts (70–80 and >80 years) the route of 
administration and estrogen type has a looser associa-
tion with the risk of hypertension. It is important to note 
that our study did not include a nonestrogen user control 
group and so we are unable to examine the risk of hyper-
tension with estrogen use in our study compared with 
those not using any formulation of HT, but only on the 
risk of hypertension with oral compared with transdermal 
and transvaginal estrogen use. However, the objective of 
this study was to compare different routes and formula-
tions of estrogen therapy among individuals taking HT on 

Figure 4. Probability of hypertension as function of duration of estrogen exposure and daily defined dose of estrogen.
A and B, Duration of estrogen exposure. C and D, Daily defined dose of estrogen. Data was stratified by route of administration and estrogen 
formulation.
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the risk of hypertension. Women not taking HT are not 
comparable to those taking estrogen as presumably they 
lack an indication for this medication.

This study has limitations. We were restricted in our 
assessment of clinical data due to use of administra-
tive data. Specifically, although we could not confirm the 
postmenopausal state, the most common indication of 
estrogen therapy initiation in this age group is for the 
management of menopausal symptoms,5 and therefore, 
it is unlikely that the study participants were not meno-
pausal. Oral and transdermal estrogen are used for VMS; 
while vaginal estrogen can also be used for this indica-
tion,38,39 it is frequently used for genitourinary symptoms. 
However, both transdermal and vaginal estrogen avoid 
the first-pass metabolism required by use of oral estro-
gen, suggesting that nonoral use of estrogen, irrespec-
tive of indication, may be a safer option in those at risk 
of hypertension. Our primary outcome of hypertension 
was ascertained using administrative data, which relies 
on physician billing claims and is thus prone to under-
reporting.18 Previous algorithms have missed up to 28% 
of cases of hypertension when compared with audits of 
primary care physicians18; however, while our results may 
underestimate the true incidence of hypertension in this 
population over the study period, this under-ascertain-
ment is unlikely to differ by estrogen use. Furthermore, 
there are racial/ethnic disparities in hypertension prev-
alence, awareness, treatment, and control40; however, 
due to the nature of the administrative data used in this 
study, we were not able to describe the race/ethnicity 
composition of the cohort. Next, oral estrogen has been 
associated with rapid loss of kidney function.41 Although 
kidney disease and hypertension are closely intercon-
nected pathophysiologic states, we used the Elixhauser 
comorbidity index to control for comorbidities, including 
kidney disease. The World Health Organization’s defined 
daily dose is the assumed average maintenance dose for 
a drug used for its main indication in adults. The clini-
cally prescribed estrogen dose for oral estradiol, CEE, 
transdermal estrogen, and vaginal estradiol are very 
different, and a direct comparison of the same defined 
daily dose of estrogen by route of administration may 
not be appropriate. However, our study demonstrates 
that independent of route of administration, there was 
a dose dependent effect of estrogen dose on the risk 
of hypertension. The study population was limited to 
users of estrogen-only menopausal HT, and the results 
may thus not be applicable to women who use combined 
estrogen and progestin HT. However, by restricting our 
study population to estrogen-only users, it allowed us 
to investigate the independent associations of route of 
administration, formulation, duration of use and dose of 
estrogen on hypertension while minimizing confound-
ing factors. Furthermore, we do not have hysterectomy 
data on the participants, however, oral and transdermal 
estrogen-only users (n=41 664) represented 27% of 

the total population using any form of menopausal HT 
(n=151 526), which is consistent with the population 
who have undergone hysterectomy in Alberta.42 The 
prevalence of self-reported hysterectomies in Alberta 
stratified by age cohort is as follows: 50 to 59 years, 
24% and 60 to 69, 39.4%.42 Finally, we were unable to 
control for known hypertension risk factors, such as obe-
sity, and smoking status. In observational studies, women 
who take nonoral forms of HT are generally better edu-
cated, have higher incomes and better access to health 
care,43 and are healthier even before starting therapy; 
these factors may have also played a role in women 
who were excluded from the study because they used 
HT for <6 months or inconsistently. However, restricting 
our analyses to a shorter duration of continuous use did 
not significantly alter our findings, and the results from 
this study are in keeping with prospective cohort stud-
ies which did control for these important factors. Further-
more, we were able to control for exposure to HT in the 
prestudy period as well as duration of therapy.

This study also has many strengths. The size of this 
population-based cohort with over 10 years of follow 
up increases the generalizability of our findings. As far 
as we are aware, this is the first study to evaluate the 
specific effects of route of administration, formulation, 
duration of use and dose of estrogen on the risk of 
hypertension. Additionally, the use of computerized drug 
prescription data eliminates the impact of recall bias of 
study participants.

PERSPECTIVES
In this community-based population, oral, as compared 
with vaginal or transdermal, estrogen use was associ-
ated in a dose-dependent manner with an increased risk 
of incident hypertension, particularly in women closer 
to the menopausal transition period. Longer duration 
of estrogen use was associated with a greater risk of 
incident hypertension, and use of estradiol as compared 
with other forms of estrogen was associated with a lower 
risk of hypertension. Taken together, our results sug-
gest that blood pressure should be monitored closely in 
women using estrogen-only HT. Although menopause is 
a normal part of the female aging process, it can often 
be a prolonged disruptive period that causes symptoms 
for the majority of women and knowledge of effective 
and safe hormonal treatments remains limited.44 Large, 
prospective, randomized studies that take into account 
the complexities of estrogen therapy, including route of 
administration, formulation, dose, duration of use, timing 
of imitation and concomitant progestin use are required 
before proposing changes to clinical practice.
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