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Abstract

Background: The relationship between menopausal hormone therapy (MHT) and cardiovascular risk remains controversial,
with a number of studies advocating the use of MHT in reducing risk of cardiovascular diseases, while others have shown it
to increase risk. The aim of this study was to determine the association between menopausal hormone therapy and high
blood pressure.

Methods and Findings: A total of 43,405 postmenopausal women were included in the study. Baseline data for these
women were sourced from the 45 and Up Study, Australia, a large scale study of healthy ageing. These women reported
being postmenopausal, having an intact uterus, and had not been diagnosed with high blood pressure prior to menopause.
Odds ratios for the association between MHT use and having high blood pressure were estimated using logistic regression,
stratified by age (,56 years, 56–61 years, 62–70 years and over 71 years) and adjusted for demographic and lifestyle
factors. MHT use was associated with higher odds of having high blood pressure: past menopausal hormone therapy use:
,56 years (adjusted odds ratio 1.59, 99% confidence interval 1.15 to 2.20); 56–61 years (1.58, 1.31 to 1.90); 62–70 years
(1.26, 1.10 to 1.44). Increased duration of hormone use was associated with higher odds of having high blood pressure, with
the effect of hormone therapy use diminishing with increasing age.

Conclusions: Menopausal hormone therapy use is associated with significantly higher odds of having high blood pressure,
and the odds increase with increased duration of use. High blood pressure should be conveyed as a health risk for people
considering MHT use.
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Introduction

Menopausal hormone therapy (MHT) is primarily prescribed

for the treatment of perimenopausal symptoms. A common

concern among those who manage menopausal women is the risk

of unfavourable effects of menopausal hormonal therapy on long-

term health, particularly cardiovascular health. Early observation-

al studies have shown a reduced incidence of coronary heart

disease in women receiving MHT, which suggested MHT

protected against coronary heart disease. [1] Clinical trials later

suggested MHT did not reduce the risk of coronary heart disease

and was of no benefit to cardiac health. [2] Re-examination of trial

data has since shown a possible reduced risk of coronary heart

disease after 6 years of treatment. [3] As a result, there is still much

confusion over the effect of MHT on cardiac health.

Hypertension, or high blood pressure, is considered a major risk

factor for cardiovascular morbidity and mortality in postmeno-

pausal women. A number of environmental and genetic factor are

associated with risk of developing high blood pressure, with

increasing age the largest contributor. [4] Studies investigating the

relationship between MHT and blood pressure have also been

largely inconsistent. Baseline data from the observational arm of

the WHI found current MHT use was associated with an

increased likelihood of hypertension. [5] Various clinical trials in

normotensive women have either reported no difference in blood

pressure with MHT, [6] a decrease in blood pressure with MHT

use, [7] or a slight increase in blood pressure with MHT use, [2]

compared with placebo. Similarly, studies in hypertensive

postmenopausal women have either shown a slight decrease in

blood pressure with MHT use, [8] or no effect on blood pressure

with MHT use. [9].

Our study investigated the relationship between the use of

MHT and prevalence of high blood pressure, in Australian

postmenopausal women aged 45 years and over, the 45 and Up

Study. The aim of this current study was to ascertain the association

between MHT use and high blood pressure, and whether the

number of years spent taking MHT is associated with having high

blood pressure.
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Results

A total of 43,405 women were included in the study (Fig. 1).

These women were postmenopausal, had reported to having an

intact uterus, had gone through menopause, had not started MHT

treatment prior to menopause, and had not been diagnosed with

high blood pressure prior to menopause. Of the 12,443 women

who had used MHT (past or current), 2,536 (20%) reported

having high blood pressure compared to 5,149 (17%) of the 30,962

women who had never used MHT.

Demographic and lifestyle characteristics of MHT users,

compared to women who have never used MHT are outlined in

Table 1. Women with a family history of high blood pressure were

more likely to use MHT than women without a family history of

high blood pressure. MHT use was significantly more common in

women who reported sufficient levels of physical activity, who

were past smokers, who reported drinking alcohol, and who had a

history of oral contraceptive use. Women who were obese (BMI

greater 30), were current smokers, and had given birth were less

likely to use MHT compared with women of a healthy BMI,

women who had never smoked, and women who had never given

Figure 1. Participants included in the study.
doi:10.1371/journal.pone.0040260.g001

Hormone Therapy Is Associated with High BP

PLoS ONE | www.plosone.org 2 July 2012 | Volume 7 | Issue 7 | e40260



birth, respectively. Country of origin and income were not

significantly associated with MHT use.

The average age for women who had ever used MHT was

63.5 years and 63.7 years for women who had never used MHT

(b= 0.14, 99% confidence interval 20.14 to 0.42; p = 0.21). In

younger women (,56 years and 56–61 years), analysis looking at

current MHT exposure found a significantly higher odds for

having high blood pressure in both current and past users of

MHT, when compared to women who had never used MHT

(Figure 2). In women aged between 62–70 years, there were

significantly higher odds of having high blood pressure in past

users of MHT compared to women who had never used MHT

(Figure 2). In older women (+71 years), there was no association

between MHT use and having high blood pressure (Figure 2).

There was no significant difference in odds for having high blood

pressure between past and current users of MHT in any age

group, and as a result, subsequent analysis combined both past

and current users of MHT.

The average age at menopause was 48.2 years for women who

had ever used MHT and 49.8 years in women who had never

used MHT (b= 1.53, 1.41 to 1.66; p,0.001). The average age for

when women initiated MHT treatment was 51.6 years. The

average age when high blood pressure was first diagnosed was

58.5 years in women who had ever used MHT and 61.3 years in

women who had never used MHT (b= 2.8, 2.20 to 3.36;

p,0.001).

Duration of MHT use was associated with an overall increase in

odds for having high blood pressure, with women who had used

MHT for longer time periods having increased odds for having

high blood pressure (Figure 3). However, the effect of duration of

MHT use on odds for having high blood pressure was less evident

as women got older.

Within a subgroup of MHT users only, no significant

association between when MHT was initiated relative to

menopause and having high blood pressure was observed at any

age group. Additionally, in women who had been treated with

MHT in the past, no association between length of time since

MHT exposure ceased and having high blood pressure was

observed.

Discussion

This study found that postmenopausal women who use MHT

had higher odds of having high blood pressure, and that the longer

a woman uses MHT the higher her odds for having high blood

pressure, irrespective of both when MHT was initiated relative to

menopause and the number of years since stopping treatment.

Additionally, women who had ever used MHT were first

diagnosed with high blood pressure 2.8 years earlier than women

Table 1. Socio-demographic factors and health risk factors associated with MHT use.

Characteristics N (% column) % MHT Odds ratio (99% CI){

Country of origin Australia 32 360 (75) 29 1.00

Other 10 680 (25) 28 1.06 (0.99 to 1.13)

Income ,$30K 13 319 (30) 28 1.00

$30K – $70K 10 908 (25) 31 1.10 (1.01 to 1.19){

$70K+ 8 460 (19) 28 0.92 (0.84 to 1.00)

Did not disclose 10 718 (25) 28 1.01 (0.94 to 1.09)

Family history of HBP No 21 882 (50) 28 1.00

Yes 21 523 (50) 30 1.17 (1.05–1.18){

BMI ,25 19 905 (46) 29 1.00

25–30 13 069 (30) 30 1.02 (0.96 to 1.09)

30+ 7 063 (16) 27 0.91 (0.83 to 0.99){

Smoking status Never 28 276 (65) 27 1.00

Past 12 094 (28) 33 1.14 (1.07 to 1.21){

Current 2 840 (7) 27 0.82 (0.73 to 0.93){

Alcohol (drinks/week) 0 16 994 (39) 25 1.00

1–5 11 461 (26) 30 1.23 (1.14 to 1.32){

6–10 8 467 (20) 32 1.30 (1.20 to 1.41){

11+ 5 517 (13) 34 1.36 (1.24 to 1.49){

Physical activity Insufficient 13 028 (30) 26 1.00

Sufficient 30 377 (70) 30 1.18 (1.11 to 1.26){

Past oral contraceptive use No 10 377 (24) 17 1.00

Yes 32 692 (75) 32 2.73 (2.51 to 2.97){

Have you ever given birth? No 5 197 (12) 30 1.00

Yes 37 954 (87) 29 0.91 (0.83 to 0.99){

% MHT – the percentage of women who responded yes to having ever used MHT. Percentages do not consistently total to 100% due to missing values.
{Adjusted for age, country of origin, income level, BMI, smoking status, alcohol consumption, physical activity, family history of high blood pressure, history of oral
contraceptive use, age at menopause, and whether a woman had given birth.
{p,0.01.
doi:10.1371/journal.pone.0040260.t001
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who had never used MHT and as the age of women increased, the

association between MHT use and high blood pressure dimin-

ished. The association between the duration of MHT use and high

blood pressure also diminished with increased age, demonstrating

age as a significant predictor for the development of high blood

pressure. [10].

Strengths and Limitations of the study
The key strength of our study was the large sample size, which

enabled us to test whether MHT use and duration of MHT use

was associated with high blood pressure. It confirms cross-sectional

baseline results from the WHI, [5] and extends these findings by

showing that both past and current users of MHT have higher

odds of having high blood pressure, and that the association

between MHT use and high blood pressure is higher in younger,

postmenopausal women. Furthermore, this is the first report that

the longer a woman uses MHT the higher her odds for having

high blood pressure, and is retained irrespective of when MHT

was initiated relative to menopause, or the number of years since

ceasing MHT treatment.

A limitation of the study was that it analysed cross-sectional

baseline data from the 45 and Up Study and, as a result, the casual

nature of associations could not be assessed. Additionally, while

several known risk factors for high blood pressure were statistically

controlled for, factors known to be associated with altering a

woman’s risk of having a cardiovascular disease, including the type

and dosage of MHT, could not be determined. A further

limitation is the study’s reliance on self-reported data. This

method is prone to potential recall bias, which may lead to under-

reporting or over-reporting of age at diagnosis, and menopause

status. Bias and over-estimation of effects may have potentially

been introduced as women who use MHT will have routine health

checks and may be more likely to be diagnosed with high blood

pressure. However, research has shown that women who use

MHT represent a healthier subgroup of the female population,

[11] and supports our data, which shows women who use MHT

are more likely to be of a healthy weight and be physically active.

Comparison with other studies
The relationship between MHT use and blood pressure has

been inconsistently reported in the literature. Studies in healthy

postmenopausal women have found either no treatment related

changes in blood pressure, [6] or a lowering of blood pressure. [7]

A study looking at hypertensive postmenopausal women, treated

with low doses of oral MHT over a 12 month period, also

observed a significant decrease in blood pressure in the MHT

group. [8] Baseline data from the observational arm of the WHI

showed that current HRT use was associated with a 25%

Figure 2. The odds for having high blood pressure in women who have ever used MHT compared with women who have never
used MHT, stratified by current age.
doi:10.1371/journal.pone.0040260.g002
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increased likelihood of hypertension, after adjusting for known

confounders. [5] Increases in systolic blood pressure with MHT

use were also observed in the estrogen plus progestin component

of the WHI, [2] and the estrogen only component of the WHI.

[12] These studies focused on changes in blood pressure while the

women were actively receiving MHT treatment. Our results

support the conclusions drawn from the WHI observational

baseline study and are consistent with the larger clinical trials,

which suggest that current MHT use influences blood pressure.

Additionally, our data showed that past MHT use is associated

with higher odds of having high blood pressure, and these odds

remain regardless of the length of time since last exposure.

The timing of initiation of MHT relative to menopause may

influence its effect on cardiovascular disease, with secondary

analysis of WHI data observing a trend for reduced CHD in

younger women who initiated MHT closer to when menopause

began. [3] In our study, no association between the when MHT

was initiated relative to the onset of menopause was seen. Whether

the initiation of MHT prior to the onset of menopause is beneficial

to cardiac health, is currently being investigated in the Kronos

Study. [13] Our study only included women who had initiated

MHT after menopause, as women who initiate MHT prior to

menopause are unable to ascertain their menopause status.

Vasomotor symptoms, such as hot flushes, are the primary

reason women seek MHT treatment. [14] Women with and

without hot flushes have different vascular responses to MHT. [15]

This may explain the different results between studies. The

severity of hot flushes have been shown to be an independent

predictor of endothelial dysfunction, [16] and have been suggested

as a marker of cardiovascular risk. [17] It may be women who

require MHT to treat vasomotor symptoms are at an increased

risk of cardiovascular disease and high blood pressure, irrespective

of whether they use MHT. Alternatively, exposure to MHT may

further exacerbate existing endothelial damage, which results in

high blood pressure even after treatment has stopped. Our data

found no significant difference in odds of having high blood

pressure between current and past users, with increased odds

observed for both groups, compared to women who had never

used MHT. Additionally, the number of years since women were

last exposed to MHT was not significantly associated with having

high blood pressure, that is, the odds of having high blood pressure

remains the same, whether you ceased treatment one year ago or

more than a decade ago.

Implications and future research
Women should be prescribed MHT for as short a time as

possible and their cardiovascular health, specifically blood

pressure, should be closely monitored both during and after

therapy. How endothelial dysfunction is associated with meno-

pausal symptoms and the effect of MHT on the vascular system

remains to be investigated. A clinical trial of MHT, which includes

an extended period of follow up after cessation of treatment, is

Figure 3. The odds of having high blood pressure depending on duration of MHT use compared to women who have never used
MHT, stratified by current age.
doi:10.1371/journal.pone.0040260.g003
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required to decipher how MHT treatment leads to higher odds of

having high blood pressure. Such a trial should initiate MHT close

to menopause and only include women who have never used

MHT previously.

Conclusions
Menopausal hormone therapy use is associated with higher odds

of having high blood pressure particularly in younger postmen-

opausal women. Increased duration of menopausal hormone

therapy use is also associated with higher odds of having high

blood pressure, and this persists regardless of the time since MHT

was initiated after menopause, or the length of time since a women

stopped using MHT. Our results align with the current Food and

Drug Administration recommendations, [18] that MHT treatment

be limited to the shortest possible duration consistent with

treatment goals. Women who require MHT should be closely

monitored as they may represent a population of women with

subclinical cardiovascular disease, and blood pressure should be

regularly monitored even after treatment ceases. Furthermore,

high blood pressure should be conveyed as a health risk for people

considering MHT use.

Methods

Data was obtained from women who were recruited from the 45

and Up Study. The methods for the 45 and Up Study have been

described elsewhere. [19] Briefly, the 45 and Up Study is a large

scale cohort study of healthy ageing that involves 266,848 men and

women aged 45 years and over from the general population of

New South Wales, Australia. Individuals were sampled from the

Medicare Australia database. Study recruitment commenced in

2006 and was completed in 2009. The 45 and Up Study received

ethics approval from the University of NSW Human Ethics

Committee. Although derived from the general population, the

relatively low response rate means that the cohort is unlikely to be

directly representative of the general population. [19] However,

exposure-outcome relationships estimated from the 45 and Up Study

data have been shown to be consistent with another large study of

the same population, regardless of the underlying response rate or

mode of questionnaire administration. [20].

All of the variables used in this study were derived from self

reported data obtained from the 45 and Up Study baseline

questionnaire (available at www.45andUp.org.au). Only data from

female participants was included in this study. Only women who

responded ‘‘No’’ to having had a hysterectomy or both ovaries

removed were included. Only women who responded ‘‘Yes’’ to

‘‘Have you been through menopause?’’ and provided an age that

menopause began were included. Women who responded ‘‘No’’,

‘‘Not sure (because hysterectomy, taking HRT, etc.)’’ or ‘‘My periods

have become irregular’’ were not included in the study. Women

were classified as having ever had high blood pressure according to

their response to the question ‘‘In the last month have you been

treated for high blood pressure?’’. Only women who did not report

having high blood pressure prior to menopause were included.

Women who answered ‘‘Yes’’ to ‘‘Has a doctor ever told you that

you have: high blood pressure – when not pregnant’’, but were not

being treated for high blood pressure, were excluded. Women who

reported menopause before the age of 30 years were excluded.

Women who reported current oral contraceptives use were

excluded. Variables were classified according to the groups in

Table 1.

For ‘Country of birth’, participants were classified according to

whether they had been born in Australia or born in a country

other than Australia. Physical activity levels were assessed using

questions from the Active Australia Survey. Vigorous activity

received twice the weighting of moderate or walking activity, [21]

and individuals were categorised into sufficient (.150 minutes per

week) or insufficient levels. [22].

Regarding use of MHT, women were asked ‘‘Have you ever

used hormone replacement therapy?’’ and ‘‘If Yes, for how long

altogether have you used hormone replacement therapy?’’ (in

years). Women were also asked ‘‘Are you currently taking

hormone replacement therapy?’’ and ‘‘If No, at what age did

you stop?’’. MHT use was analysed as a dichotomous variable

(ever used MHT/never used MHT), and categorical current

MHT exposure (never used MHT, past use, and current use), with

women who had never used MHT as the reference group.

Duration of MHT use in years was analysed as a categorical

variable, divided into quartiles (never; ,2 years; 2–4 years; 5–

9 years; and 10 or more years), with women who had never used

MHT as the reference group. Women with missing data for these

variables were excluded.

For women who had used MHT in the past, the age that these

women began MHT treatment was calculated by subtracting the

number of years that they had used MHT from the age that these

women stopped taking MHT. For women currently using MHT,

the number of years that they had been using MHT was

subtracted from their current age. The age that menopause

occurred was then subtracted from the age that MHT use began,

to calculate the length of time between when MHT use began

relative to menopause. Women who began using MHT prior to

menopause were excluded. The length of time since MHT

treatment was stopped was calculated for women who had used

MHT in the past, by subtracting the woman’s current age from

the age that MHT was stopped.

Odds ratios and 99% confidence intervals were estimated using

logistic regression. Both crude and adjusted odds ratios were

calculated and descriptions refer to adjusted odds ratios unless

otherwise specified. Odds ratios were adjusted for demographic

and lifestyle factors using the categories in Table 1, with an

additional category for missing values. Tests for interactions

between covariates and MHT use, with odds for high blood

pressure were performed. A significant interaction between age

and MHT use with having high blood pressure was observed. As a

result, women were stratified according to age and divided into

quartiles (,56 years, 56–61 years, 62–70 years and 71 years or

older). Odds ratios were calculated for each age group. No other

significant interactions were observed. All statistical tests were two-

sided, using a significance level of p,0.01 to partially account for

multiple testing issues. [3,23,24] Conclusions were drawn based on

both significance and the effect size.

Acknowledgments

The 45 and Up Study is managed by the Sax Institute in collaboration with

major partner Cancer Council New South Wales; and partners the

National Heart Foundation of Australia (NSW Division); NSW Ministry of

Health; beyondblue: the National Depression Initiative; Ageing, Disability

and Home Care, NSW Family and Community Services; and UnitingCare

Ageing and Australian Red Cross Blood Service. We thank the many

thousands of people participating in the 45 and Up Study.

Author Contributions

Conceived and designed the experiments: JL CC. Performed the

experiments: CC. Analyzed the data: CC JL SL AH AM AO CT. Wrote

the paper: CC JL SL AH AM AO CT.

Hormone Therapy Is Associated with High BP

PLoS ONE | www.plosone.org 6 July 2012 | Volume 7 | Issue 7 | e40260



References

1. Grodstein F, Manson JE, Colditz GA, Willett WC, Speizer FE, et al. (2000) A

prospective, observational study of postmenopausal hormone therapy and
primary prevention of cardiovascular disease. Ann Intern Med 133: 933–941.

2. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C, et al.
(2002) Risks and benefits of estrogen plus progestin in healthy postmenopausal

women: principal results From the Women’s Health Initiative randomized

controlled trial. JAMA: the journal of the American Medical Association 288:
321–333.

3. Rossouw JE, Prentice RL, Manson JE, Wu L, Barad D, et al. (2007)
Postmenopausal hormone therapy and risk of cardiovascular disease by age

and years since menopause. JAMA 297: 1465–1477.

4. Ostchega Y, Dillon CF, Hughes JP, Carroll M, Yoon S (2007) Trends in
hypertension prevalence, awareness, treatment, and control in older U.S. adults:

data from the National Health and Nutrition Examination Survey 1988 to 2004.
J Am Geriatr Soc 55: 1056–1065.

5. Wassertheil-Smoller S, Anderson G, Psaty BM, Black HR, Manson J, et al.
(2000) Hypertension and its treatment in postmenopausal women: baseline data

from the Women’s Health Initiative. Hypertension 36: 780–789.

6. Trial TWGftP (1995) Effects of estrogen or estrogen/progestin regimens on
heart disease risk factors in postmenopausal women. The Postmenopausal

Estrogen/Progestin Interventions (PEPI) Trial. The Writing Group for the PEPI
Trial. JAMA 273: 199–208.

7. van Ittersum FJ, van Baal WM, Kenemans P, Mijatovic V, Donker AJ, et al.

(1998) Ambulatory–not office–blood pressures decline during hormone replace-
ment therapy in healthy postmenopausal women. Am J Hypertens 11: 1147–

1152.
8. Kaya C, Dincer Cengiz S, Cengiz B, Akgun G (2006) The long-term effects of

low-dose 17beta-estradiol and dydrogesterone hormone replacement therapy on
24-h ambulatory blood pressure in hypertensive postmenopausal women: a 1–

year randomized, prospective study. Climacteric 9: 437–445.

9. Karalis I, Beevers G, Beevers M, Lip G (2005) Hormone replacement therapy
and arterial blood pressure in postmenopausal women with hypertension. Blood

Press 14: 38–44.
10. Ford ES, Cooper RS (1991) Risk factors for hypertension in a national cohort

study. Hypertension 18: 598–606.

11. Matthews KA, Kuller LH, Wing RR, Meilahn EN, Plantinga P (1996) Prior to
use of estrogen replacement therapy, are users healthier than nonusers?

Am J Epidemiol 143: 971–978.

12. Anderson GL, Limacher M, Assaf AR, Bassford T, Beresford SA, et al. (2004)

Effects of conjugated equine estrogen in postmenopausal women with
hysterectomy: the Women’s Health Initiative randomized controlled trial.

JAMA: the journal of the American Medical Association 291: 1701–1712.
13. Miller VM, Black DM, Brinton EA, Budoff MJ, Cedars MI, et al. (2009) Using

basic science to design a clinical trial: baseline characteristics of women enrolled

in the Kronos Early Estrogen Prevention Study (KEEPS). J Cardiovasc Transl
Res 2: 228–239.

14. Freeman EW, Sherif K (2007) Prevalence of hot flushes and night sweats around
the world: a systematic review. Climacteric 10: 197–214.

15. Tuomikoski P, Haapalahti P, Sarna S, Ylikorkala O, Mikkola TS (2010)

Vasomotor hot flushes and 24-hour ambulatory blood pressure in normotensive
women: A placebo-controlled trial on post-menopausal hormone therapy.

Annals of medicine 42: 334–343.
16. Bechlioulis A, Kalantaridou SN, Naka KK, Chatzikyriakidou A, Calis KA, et al.

(2010) Endothelial function, but not carotid intima-media thickness, is affected
early in menopause and is associated with severity of hot flushes. J Clin

Endocrinol Metab 95: 1199–1206.

17. Sassarini J, Fox H, Ferrell W, Sattar N, Lumsden MA (2011) Vascular function
and cardiovascular risk factors in women with severe flushing. Clinical

endocrinology 74: 97–103.
18. Food and Drug Administration DoHaHS (2009) Consumer information by

audience: For women: Menopause and Hormones.

19. Banks E, Redman S, Jorm L, Armstrong B, Bauman A, et al. (2008) Cohort
profile: the 45 and up study. Int J Epidemiol 37: 941–947.

20. Mealing NM, Banks E, Jorm LR, Steel DG, Clements MS, et al. (2010)
Investigation of relative risk estimates from studies of the same population with

contrasting response rates and designs. BMC Med Res Methodol 10: 26.
21. Bauman A, Ford I, Amstrong T (2001) Trends in Population Levels of Reported

Physical Activity in Australia 1997, 1999 and 2000. Canberra: Australian Sports

Commission.
22. Australian Institute of Health and Welfare (2003) The active Australia survey: A

guide and manual for implemenation analysis and reporting. Canberra:
Australian Institute of Health and Welfare.

23. Rothman KJ (1990) No adjustments are needed for multiple comparisons.

Epidemiology 1: 43–46.
24. Perneger TV (1999) Adjusting for multiple testing in studies is less important

than other concerns. BMJ 318: 1288.

Hormone Therapy Is Associated with High BP

PLoS ONE | www.plosone.org 7 July 2012 | Volume 7 | Issue 7 | e40260


