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Women and Heart Disease

Sex Differences in Hypertension 
Over the Course of Life
The WHO has estimated that one in four men and one in five women 
worldwide have hypertension, identified as a systolic blood pressure (BP) 
≥140 mmHg and/or a diastolic BP ≥90 mmHg in both sexes. Using this 
definition, the NHANES performed in the US in 2015–16, found a higher 
prevalence of hypertension in men than women among adults aged 19–
39 years (9.2% versus 5.6%) and 40–59 years (37.2% versus 29.4%), 
whereas hypertension was more common in women among adults aged 
60 years and over (66.8% versus 58.5%; Figure 1).1 

The observed age-related sex difference in hypertension prevalence has 
traditionally been related to hormonal changes during menopause in 
women, and associated loss of beneficial vascular health effects, reduced 
sodium excretion and weight gain.2,3 This traditional interpretation was 
challenged by results from a sex-specific analysis of BP trajectories over 
the adult life course based on four longitudinal community-based cohorts 
from the US.4 In this analysis, Ji et al. demonstrated that women have a 
steeper increase in BP that started in the third decade of life and continued 
throughout the life course.4 This sex difference was evident for systolic, 
diastolic and mean BP and for pulse pressure.4 These findings probably 
reflect differences in vascular biology between women and men. 
Anatomic and physiologic sex differences in the cardiovascular (CV) 
system are well described. Furthermore, socioeconomic, sociocultural 
and environmental factors, and sex differences in BP regulators including 
the sympathetic nervous system, the renin–angiotensin–aldosterone 
system, bradykinin, nitric oxide and brain natriuretic peptides are 
documented.3,5 Vascular inflammation, oxidative stress and organ damage 

may influence development of high BP in a sex-specific manner.2,6,7 Taken 
together, vascular compliance is physiologically lower in women, while 
arterial elasticity is higher during the reproductive age, reflecting vascular 
effects of progesterone and oestrogen.8,9 Weight gain and obesity are 
particularly relevant to the steeper increase in BP during the third decade 
of life in women because these factors influence CV organ function in a 
sex-specific manner.6,9 Furthermore, pre-eclampsia in pregnancy is 
associated with endothelial dysfunction and vascular inflammation, which 
is likely to persist beyond delivery.

Sex differences in Hypertension-associated 
Cardiovascular Organ Damage
Chronic hypertension causes structural and functional changes in the heart 
and arteries.10 Several studies have reported that hypertension-mediated 
organ damage in the heart and arteries is more prevalent in women than 
men, including left ventricular hypertrophy (LVH), left atrial (LA) dilatation 
and high arterial stiffness.11–15 Current guidelines recommend use of sex-
specific partition values for optimal detection of hypertension-mediated 
organ damage, reflecting asymptomatic cardiovascular disease (CVD).10

LVH is the hallmark of hypertensive heart disease and a powerful 
prognostic marker in hypertension. In older patients in the LIFE 
echocardiography substudy, LVH was more prevalent in women both at 
study baseline (80% versus 70%) and after 4.8 years of systematic 
antihypertensive treatment (50% versus 34%).14 Of note, findings were 
similar in both obese and non-obese women, and persistent LVH was 
particularly associated with higher arterial stiffness. In middle-aged 
American Indians with hypertension participating in the Strong Heart 
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Study, LVH was found in 36% of women and 23% of men.15 During the 
4-year follow-up, a net increase in LVH prevalence was found despite 
antihypertensive treatment and good BP control. This lack of LVH 
reduction was attributed to persistent obesity and progressive reduction 
in renal function.15 Finally, among 12,329 middle-aged southern Italian 
subjects with treated hypertension, participating in the Campania Salute 
Network project, LVH was more prevalent in women than men (43% 
versus 32%).13 During follow-up of this Italian cohort, new-onset LVH was 
detected in 21% of participants, more commonly in women and in obese 
patients.16 Further analysis demonstrated that among subjects without 
LVH, women had a 35% lower risk than men of major CV events 
(hospitalisation for acute coronary syndromes [ACS], heart failure [HF] or 
AF or CV death) during a median of 4 years follow-up. However, when LVH 
was present, this sex difference disappeared and women and men had 
similar risk.13 

A dilated LA is considered an early sign of hypertensive heart disease and 
has been associated with increased risk for AF, HF and ACS, irrespective 
of presence of LVH in hypertension.17 Although the LA is normally larger in 
men than women, several studies have documented that LA dilatation is 
more common in women in hypertension.11,18 In the LIFE study, 56% of 

older women and 38% of older men had LA dilatation, and antihypertensive 
treatment did not reduce LA size much in these subjects over a median of 
4.8 years of follow-up.11 Furthermore, in middle-aged obese subjects 
without known CVD, participating in the FAT-associated Cardiovascular 
Dysfunction Study, LA dilatation was found in 77% of women and 62% of 
men, and was particularly associated with higher arterial stiffness.12 

Arterial stiffness may be assessed by several prognostically validated 
methods including brachial or central pulse pressure, pulse pressure:stroke 
index ratio, augmentation index and carotid–femoral pulse wave velocity 
(cf-PWV).10 While pulse pressure, pulse pressure:stroke index ratio and 
augmentation index are all normally higher in women than men of a 
similar age, cf-PWV is higher in men.19,20 Increased arterial stiffness may 
antecede the onset of hypertension, in particular systolic hypertension, 
but is also a common type of organ damage in chronic hypertension, 
reflecting that age and BP are both important confounders. In the 
Framingham Heart Study, increased arterial stiffness assessed by cf-PWV 
was common, even in treated hypertension, and was found in 63% of 
controlled and 90% of uncontrolled subjects.19 CV risk increases in parallel 
with increasing cf-PWV or pulse pressure:stroke index ratio, independent 
of presence of hypertension.19,20

Sex Differences in the Association 
Between Mildly Elevated Blood Pressure 
with Cardiovascular Disease
The 2019 Global Burden of Disease study report confirmed that elevated 
systolic BP was the most important risk factor for CV death in women 
worldwide and the second most important risk factor in men, after smoking.21 
Elevated systolic BP was also the most important risk factor for disability-
adjusted life years both in women and men above the age of 50 years. 

Emerging evidence suggests that elevated BP is particularly important for 
ACS risk in young and middle-aged women. While the overall incidence 
rates and mortality from ACS have decreased in western societies over 
the past decades, an increase in hospitalisation for ACS has been 
observed in young and middle-aged women in several countries.22,23 
Although healthy young and middle-aged women have lower BP than 
men, women with ACS are more likely to have hypertension than men.22 

In a meta-analysis including 61 prospective studies of BP and mortality, a 
slightly stronger association between systolic BP and ischaemic heart 
disease mortality was found in women, particularly in the age group 40–
50 years.24 At that time, the observation was not considered important. 
However, further publications have repeatedly documented a stronger 
association between BP and ACS in women than men. In the Norwegian 
Tromsø Study including 33,859 subjects aged 35–94 years, the 
associations between systolic and diastolic BP and MI were both stronger 
for women.25 In the UK Biobank study including 471,998 subjects free from 
CVD, with a mean age of 56 years, both BP 130–139/80–89 mmHg and BP 
≥140/90 mmHg were associated with a 40% higher risk for MI in women 
compared with men during 8-year follow-up.26 Furthermore, in the 
Norwegian Hordaland Health Study, among 12,329 subjects initially aged 
41 years followed for a median of 16 years, BP 130–139/80–89 mmHg was 
associated with a twofold higher risk for ACS during midlife in women, 
while no significant association was found in men (Figure 2).27 These 
studies all documented significant sex interaction tests.

In a meta-analysis of 16 population-based trials including 3,212,447 
participants, mostly of Asian ethnicity, Han et al. found a stronger 
association between BP 130–139/80–89 mmHg and CVD in women than 

Figure 1: Sex-specific Prevalence of Hypertension
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Sex-specific prevalence of hypertension in young, middle-aged and old subjects using blood 
pressure ≥140/90 mmHg as partition value in both sexes. Source: Fryar et al. 2017.1

Figure 2: Sex differences in the Association 
Between Elevated Blood Pressure and 
Acute Coronary Syndromes
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in men.28 In contrast, a pooled analysis of three prospective Chinese 
cohorts including 154,407 subjects aged 40–80 years found a comparable 
risk for CV death in women and men with BP 130–139/80–89 mmHg or 
hypertension, respectively.29

Hypertension is documented as the most important risk factor for HF in 
women, while previous MI is the most important risk factor for HF in men.6 
While the lifetime risk of HF is similar in women and men, HF affects more 
women than men in absolute numbers.2 The Framingham Heart Study 
found HF with preserved ejection fraction (ejection fraction ≥50%) to be 
twice as common in women as in men.30 In a sex-specific pooled analysis 
of four community-based cohorts in the US, including 27,542 participants 
followed over a mean of 28 years, the risk for HF in women with systolic 
BP 110–119 mmHg was comparable to HF risk in men with systolic BP 
120–129 mmHg. The association was more pronounced for women 
younger than 52 years, but the analysis did not differentiate between HF 
subtypes.31 In the same study, systolic BP was also a stronger risk factor 
for MI and stroke in women compared with men. Women with systolic BP 
110–119 mmHg or 120–129 mmHg had comparable risk of MI and stroke to 
men with systolic BP 150–159 mmHg.31 

Although women have lower age-adjusted incidence and prevalence of 
AF, the absolute number of women and men with AF is similar, probably 
reflecting the greater longevity of women.32 Among AF risk factors, 
hypertension, obesity and valvular heart disease are more prevalent in 
women, whereas coronary artery disease is more prevalent in men.33 

A stronger association between systolic BP and risk for AF was reported 
in the Norwegian Tromsø Study.34 Among 16,046 40-year-old women and 
men followed for a median of 12.9 years, a persistently elevated systolic 
BP ≥140 mmHg during follow-up was associated with a twofold higher risk 
of AF in women, compared with a 50% increased risk in men. In further 
analysis expanding follow-up time to 17.6 years, increased systolic BP was 
associated with higher risk for both paroxysmal/persistent and permanent 
AF in women, but only for paroxysmal/persistent AF in men.35 Of note, 
increased AF risk was evident starting from systolic BP range 130–
139 mmHg. 

Should Sex-specific Thresholds for 
Hypertension be Introduced?
As presented above, publications exploring the sex-specific association of 
BP with risk for ACS, AF and HF have documented that CVD risk increases at 
a lower BP level in women than in men (Figure 3).25–28,31,34,35 The analyses 
have all been performed in community-based cohorts, and detailed data on 
antihypertensive drug use are limited. Furthermore, the findings reported in 
a research letter by Ji et al. need to be replicated in other data sets.31 
However, the results are consistent and particularly strong for ACS, for 
which similar results have been documented from several cohorts.26,27,31,36 
The more striking results in younger and middle-aged women suggest a 
potential for improved prevention of CVD, the most common cause of death 
and reduced disability-adjusted life years in women.21 The finding that CVD 
risk increases at a lower BP level in women may also offer an alternative 
explanation for the higher prevalence of hypertension-mediated organ 
damage in women than in men, which has traditionally been attributed to 
older age and sex differences in obesity and inflammatory disorders. 

Few clinical studies in hypertension have reported results stratified by 
sex. In the DASH trial a pronounced antihypertensive effect of dietary 
sodium restriction was demonstrated in women.37 In the LIFE study, 
treatment effect was consistent in women and men, but more women in 

the losartan group were hospitalised for angina.38 The benefit of 
angiotensin-converting enzyme inhibitor treatment in reducing incident 
MI in the Second Australian National Blood Pressure Study Group was 
restricted to men only.39 Finally, similar benefits were demonstrated for 
women and men in the NORDIL study and the TOMHS.40,41 Taken together, 
results from sex-stratified and sex-specific analyses in clinical trials are 
limited, and reanalysis of data from older trials can be useful to rapidly 
increase knowledge and, at least in part, fill the knowledge gaps about 
optimal treatment of hypertension in women to prevent CVD.

Clinical studies testing the benefit of initiating antihypertensive drug 
treatment in women with BP 130–139/80–89 mmHg for reduction of CVD 
are lacking. In a systematic review and meta-analysis of 74 clinical trials, 
including 306,273 participants (39.9% women, mean age 64 years), 
Brunström et al. found null treatment effect of BP-lowering treatment in 
subjects with initial systolic BP <140 mmHg regarding all-cause mortality 
or CV morbidity or mortality in primary preventive trials.42 In contrast, in 
patients with known CHD, a reduction in incident stroke and HF was 
documented in patients with baseline systolic BP <140 mmHg. 
Unfortunately, no sex-specific results were presented in their publication.42 

SPRINT, performed in 9,361 subjects with hypertension over the age of 
50 years (36% women), documented that tighter BP control (systolic BP 
<120 mmHg) compared with standard BP control (systolic BP <140 mmHg) 
reduced major CV events (first occurrence of non-fatal MI, other ACS, 

Figure 3: Sex Differences in Blood Pressure 
Development, Cardiac Organ Damage 
and Cardiovascular Disease

Figure 4: Improving Management of Hypertension 
and Cardiovascular Disease Prevention in Women
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•   Sex-specific hypertension thresholds
•   Mechanisms for uncontrolled BP in older women
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women. BP = blood pressure; CVD = cardiovascular disease.



Hypertension in Women

EUROPEAN CARDIOLOGY REVIEW
Access at: www.ECRjournal.com

stroke, HF hospitalisation, or CV death), but failed to demonstrate a 
statistically significant benefit for women, probably as a result of the lower 
proportion of included women.43 Still, SPRINT changed the US definition 
and management of hypertension for both sexes.

The limited information from clinical studies on benefit and treatment 
targets for women represents an important knowledge gap in effective 
CVD prevention in women (Figure 4). In particular, BP targets and the 
definition of hypertension in women need to be confirmed by sex-specific 
reanalysis of clinical data repositories and population-based cohorts 
complementing previous publications. Sex-related differences in 
pharmacokinetics and pharmacodynamics may impact optimal dosage, 
adverse effects and tolerability of antihypertensive drugs. Furthermore, 
based on the present criteria, uncontrolled hypertension remains more 
common in older women than their male counterparts.9 Whether this is 
related to sex differences in adherence, adverse effects or tolerability, or 
a result of higher prevalence of irreversible hypertension-mediated organ 

damage is not known. Thus, more knowledge on sex-specific underlying 
mechanisms is necessary to advance CVD prevention. This knowledge is 
necessary to optimise personalised prevention and management of 
hypertension and associated CVD in women.

Conclusion
It is well demonstrated that BP increases are steeper in women than men 
from the third decade of life, women are more prone to developing BP-
associated cardiac organ damage and the BP-attributable risk for CVD 
starts at a lower level of BP in women than men (Figure 3). Based on 
current knowledge, we suggest that future guidelines on arterial 
hypertension and CVD prevention take into account the potential for 
implementing recommendations based on sex-specific association of 
high BP with CVD to improve risk assessment in young and middle-aged 
women with high normal BP. Whether different thresholds for sex-specific 
definitions of arterial hypertension would improve CVD risk detection 
should also be considered. 

1. Fryar CD, Ostchega Y, Hales CM, et al. Hypertension 
prevalence and control among adults: United States, 2015-
2016. NCHS Data Brief 2017;289:1–8. PMID: 29155682.

2. EUGenMed Cardiovascular Clinical Study Group. Gender in 
cardiovascular diseases: impact on clinical manifestations, 
management, and outcomes. Eur Heart J 2016;37:24–34. 
https://doi.org/10.1093/eurheartj/ehv598; PMID: 26530104.

3. Barton M, Meyer MR. Postmenopausal hypertension: 
mechanisms and therapy. Hypertension 2009;54:11–8. https://
doi.org/10.1161/HYPERTENSIONAHA.108.120022; 
PMID: 19470884.

4. Ji H, Kim A, Ebinger JE, et al. Sex Differences in blood 
pressure trajectories over the life course. JAMA Cardiol 
2020;5:19–26. https://doi.org/10.1001/jamacardio.2019.5306; 
PMID: 31940010.

5. Redfield MM, Rodeheffer RJ, Jacobsen SJ, et al. Plasma 
brain natriuretic peptide concentration: impact of age and 
gender. J Am Coll Cardiol 2002;40:976–82. https://doi.
org/10.1016/s0735-1097(02)02059-4; PMID: 12225726.

6. Gerdts E, Regitz-Zagrosek V. Sex differences in 
cardiometabolic disorders. Nat Med 2019;25:1657–66. 
https://doi.org/10.1038/s41591-019-0643-8; PMID: 31700185.

7. Guzik TJ, Touyz RM. Oxidative stress, inflammation, and 
vascular aging in hypertension. Hypertension 2017;70:660–7. 
https://doi.org/10.1161/HYPERTENSIONAHA.117.07802; 
PMID: 28784646.

8. Barbagallo M, Dominguez LJ, Licata G, et al. Vascular 
effects of progesterone : role of cellular calcium regulation. 
Hypertension 2001;37:142–7. https://doi.org/10.1161/01.
hyp.37.1.142; PMID: 11208769.

9. Wenger NK, Arnold A, Bairey Merz CN, et al. Hypertension 
across a woman’s life cycle. J Am Coll Cardio 2018;71:1797–
813. https://doi.org/10.1016/j.jacc.2018.02.033; 
PMID: 29673470.

10. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH 
guidelines for the management of arterial hypertension. Eur 
Heart J 2018;39:3021–104. https://doi.org/10.1093/eurheartj/
ehy339; PMID: 30165516.

11. Gerdts E, Oikarinen L, Palmieri V, et al. Correlates of left 
atrial size in hypertensive patients with left ventricular 
hypertrophy: the Losartan Intervention For Endpoint 
Reduction in Hypertension (LIFE) Study. Hypertension 
2002;39:739–43. https://doi.org/10.1161/hy0302.105683; 
PMID: 11897755.

12. Halland H, Lonnebakken MT, Pristaj N, et al. Sex differences 
in subclinical cardiac disease in overweight and obesity (the 
FATCOR study). Nutr Metab Cardiovasc Dis 2018;28:1054–60. 
https://doi.org/10.1016/j.numecd.2018.06.014; 
PMID: 30177273.

13. Gerdts E, Izzo R, Mancusi C, et al. Left ventricular 
hypertrophy offsets the sex difference in cardiovascular risk 
(the Campania Salute Network). Int J Cardiol 2018;258:257–
61. https://doi.org/10.1016/j.ijcard.2017.12.086; 
PMID: 29544940.

14. Gerdts E, Okin PM, de Simone G, et al. Gender differences 
in left ventricular structure and function during 
antihypertensive treatment: the Losartan Intervention for 
Endpoint Reduction in Hypertension Study. Hypertension 
2008;51:1109–14. https://doi.org/10.1161/
HYPERTENSIONAHA.107.107474; PMID: 18259011.

15. de Simone G, Devereux RB, Izzo R, et al. Lack of reduction 
of left ventricular mass in treated hypertension: the Strong 

Heart Study. J Am Heart Assoc 2013;2:e000144. https://doi.
org/10.1161/JAHA.113.000144; PMID: 23744404.

16. Izzo R, Losi MA, Stabile E, et al. Development of left 
ventricular hypertrophy in treated hypertensive outpatients: 
The Campania Salute Network. Hypertension 2017;69:136–
42. https://doi.org/10.1161/HYPERTENSIONAHA.116.08158; 
PMID: 27895192.

17. Mancusi C, Canciello G, Izzo R, et al. Left atrial dilatation: A 
target organ damage in young to middle-age hypertensive 
patients. The Campania Salute Network. Int J Cardiol 
2018;265:229–33. https://doi.org/10.1016/j.
ijcard.2018.03.120; PMID: 29628278.

18. Losi MA, Mancusi C, Midtbo H, et al. Impact of estimated left 
atrial volume on prognosis in patients with asymptomatic 
mild to moderate aortic valve stenosis. Int J Cardiol 
2019;297:121–5. https://doi.org/10.1016/j.ijcard.2019.10.004; 
PMID: 31604654.

19. Niiranen TJ, Kalesan B, Hamburg NM, et al. Relative 
contributions of arterial stiffness and hypertension to 
cardiovascular disease: The Framingham Heart Study. J Am 
Heart Assoc 2016;5:e004271. https://doi.org/10.1161/
JAHA.116.004271; PMID: 27912210.

20. Mancusi C, Losi MA, Izzo R, et al. Prognostic impact of 
increased pulse pressure/stroke index in a registry of 
hypertensive patients: the Campania Salute Network. Blood 
Press 2019;28:268–75. https://doi.org/10.1080/08037051.201
9.1612705; PMID: 31068016.

21. GBD 2019 Risk Factors Collaborators. Global burden of 87 
risk factors in 204 countries and territories, 1990-2019: a 
systematic analysis for the Global Burden of Disease Study 
2019. Lancet 2020;396:1223–49. https://doi.org/10.1016/
S0140-6736(20)30752-2; PMID: 33069327.

22. Arora S, Stouffer GA, Kucharska-Newton AM, et al. Twenty 
year trends and sex differences in young adults hospitalized 
with acute myocardial infarction. Circulation 2019;139:1047–
56. https://doi.org/10.1161/CIRCULATIONAHA.118.037137; 
PMID: 30586725. 

23. Sulo G, Igland J, Nygard O, et al. Favourable trends in 
incidence of AMI in Norway during 2001-2009 do not 
include younger adults: a CVDNOR project. Eur J Prev Cardiol 
2014;21:1358–64. https://doi.org/10.1177/2047487313495993; 
PMID: 23847184.

24. Lewington S, Clarke R, Qizilbash N, et al. Prospective 
Studies Collaboration. Age-specific relevance of usual blood 
pressure to vascular mortality: a meta-analysis of individual 
data for one million adults in 61 prospective studies. Lancet 
2002;360:1903–13. https://doi.org/10.1016/s0140-
6736(02)11911-8; PMID: 12493255. 

25. Albrektsen G, Heuch I, Lochen ML, et al. Risk of incident 
myocardial infarction by gender: Interactions with serum 
lipids, blood pressure and smoking. The Tromso Study 1979-
2012. Atherosclerosis 2017;261:52–9. https://doi.org/10.1016/j.
atherosclerosis.2017.04.009; PMID: 28448842. 

26. Millett ERC, Peters SAE, Woodward M. Sex differences in 
risk factors for myocardial infarction: cohort study of UK 
Biobank participants. BMJ 2018;363:k4247. https://doi.
org/10.1136/bmj.k4247; PMID: 30404896. 

27. Kringeland E, Tell GS, Midtbo H, et al. Factors associated 
with increase in blood pressure and incident hypertension 
in early midlife: the Hordaland Health Study. Blood Press 
2020;29:267–75. https://doi.org/10.1080/08037051.2020.176
2070; PMID: 32400220. 

28. Han M, Chen Q, Liu L, et al. Stage 1 hypertension by the 
2017 American College of Cardiology/American Heart 
Association hypertension guidelines and risk of 
cardiovascular disease events: systematic review, meta-
analysis, and estimation of population etiologic fraction of 
prospective cohort studies. J Hypertens 2020;38:573–8. 
https://doi.org/10.1097/HJH.0000000000002321; 
PMID: 31790053. 

29. Liu N, Yang JJ, Meng R, et al. Associations of blood 
pressure categories defined by 2017 ACC/AHA guidelines 
with mortality in China: pooled results from three 
prospective cohorts. Eur J Prev Cardiol 2020;27:345–54. 
https://doi.org/10.1177/2047487319862066; PMID: 31288541. 

30. Lee DS, Gona P, Vasan RS, et al. Relation of disease 
pathogenesis and risk factors to heart failure with preserved 
or reduced ejection fraction: insights from the Framingham 
Heart Study of the National Heart, Lung, and Blood Institute. 
Circulation 2009;119:3070–7. https://doi.org/10.1161/
CIRCULATIONAHA.108.815944; PMID: 19506115. 

31. Ji H, Niiranen TJ, Rader F, et al. Sex differences in blood 
pressure associations with cardiovascular outcomes. 
Circulation 2021;143:761–3. https://doi.org/10.1161/
CIRCULATIONAHA.120.049360; PMID: 33587655. 

32. Ko D, Rahman F, Schnabel RB, et al. Atrial fibrillation in 
women: epidemiology, pathophysiology, presentation, and 
prognosis. Nat Rev Cardiol 2016;13:321–32. https://doi.
org/10.1038/nrcardio.2016.45; PMID: 27053455. 

33. Cheung JW, Cheng EP, Wu X, et al. Sex-based differences in 
outcomes, 30-day readmissions, and costs following 
catheter ablation of atrial fibrillation: the United States 
Nationwide Readmissions Database 2010-14. Eur Heart J 
2019;40:3035–43. https://doi.org/10.1093/eurheartj/ehz151; 
PMID: 30927423. 

34. Sharashova E, Wilsgaard T, Ball J, et al. Long-term blood 
pressure trajectories and incident atrial fibrillation in women 
and men: the Tromso Study. Eur Heart J 2020;41:1554–62. 
https://doi.org/10.1093/eurheartj/ehz234; PMID: 31050731.

35. Espnes H, Ball J, Lochen ML, et al. Sex-specific associations 
between blood pressure and risk of atrial fibrillation 
subtypes in the Tromso Study. J Clin Med. 2021;10:1514. 
https://doi.org/10.3390/jcm10071514; PMID: 33916428. 

36. Li FR, He Y, Yang HL, et al. Isolated systolic and diastolic 
hypertension by the 2017 American College of Cardiology/
American Heart Association guidelines and risk of 
cardiovascular disease: a large prospective cohort study. J 
Hypertens 2021;39:1594–601. https://doi.org/10.1097/
HJH.0000000000002805; PMID: 33560057. 

37. Sacks FM, Svetkey LP, Vollmer WM, et al. Effects on blood 
pressure of reduced dietary sodium and the Dietary 
Approaches to Stop Hypertension (DASH) diet. N Engl J Med 
2001;344:3–10. https://doi.org/10.1056/
NEJM200101043440101; PMID: 11136953. 

38. Os I, Franco V, Kjeldsen SE, et al. Effects of losartan in 
women with hypertension and left ventricular hypertrophy: 
results from the Losartan Intervention for Endpoint 
Reduction in Hypertension Study. Hypertension 
2008;51:1103–8. https:/doi.org/10.1161/
HYPERTENSIONAHA.107.105296; PMID: 18259029. 

39. Wing LM, Reid CM, Ryan P, et al. A comparison of outcomes 
with angiotensin-converting--enzyme inhibitors and diuretics 
for hypertension in the elderly. N Engl J Med 2003;348:583–
92. https://doi.org/10.1056/NEJMoa021716; PMID: 12584366. 

https://doi.org/10.1093/eurheartj/ehv598
https://doi.org/10.1161/HYPERTENSIONAHA.108.120022
https://doi.org/10.1161/HYPERTENSIONAHA.108.120022
https://doi.org/10.1001/jamacardio.2019.5306
https://doi.org/10.1016/s0735-1097(02)02059-4
https://doi.org/10.1016/s0735-1097(02)02059-4
https://doi.org/10.1038/s41591-019-0643-8
https://doi.org/10.1161/HYPERTENSIONAHA.117.07802
https://doi.org/10.1161/01.hyp.37.1.142
https://doi.org/10.1161/01.hyp.37.1.142
https://doi.org/10.1016/j.jacc.2018.02.033
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1161/hy0302.105683
https://doi.org/10.1016/j.numecd.2018.06.014
https://doi.org/10.1016/j.ijcard.2017.12.086
https://doi.org/10.1161/HYPERTENSIONAHA.107.107474
https://doi.org/10.1161/HYPERTENSIONAHA.107.107474
https://doi.org/10.1161/JAHA.113.000144
https://doi.org/10.1161/JAHA.113.000144
https://doi.org/10.1161/HYPERTENSIONAHA.116.08158
https://doi.org/10.1016/j.ijcard.2018.03.120
https://doi.org/10.1016/j.ijcard.2018.03.120
https://doi.org/10.1016/j.ijcard.2019.10.004
https://doi.org/10.1161/JAHA.116.004271
https://doi.org/10.1161/JAHA.116.004271
https://doi.org/10.1080/08037051.2019.1612705
https://doi.org/10.1080/08037051.2019.1612705
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1161/CIRCULATIONAHA.118.037137
https://doi.org/10.1177/2047487313495993
https://doi.org/10.1016/s0140-6736(02)11911-8
https://doi.org/10.1016/s0140-6736(02)11911-8
https://doi.org/10.1016/j.atherosclerosis.2017.04.009
https://doi.org/10.1016/j.atherosclerosis.2017.04.009
https://doi.org/10.1136/bmj.k4247
https://doi.org/10.1136/bmj.k4247
https://doi.org/10.1080/08037051.2020.1762070
https://doi.org/10.1080/08037051.2020.1762070
https://doi.org/10.1097/HJH.0000000000002321
https://doi.org/10.1177/2047487319862066
https://doi.org/10.1161/CIRCULATIONAHA.108.815944
https://doi.org/10.1161/CIRCULATIONAHA.108.815944
https://doi.org/10.1161/CIRCULATIONAHA.120.049360
https://doi.org/10.1161/CIRCULATIONAHA.120.049360
https://doi.org/10.1038/nrcardio.2016.45
https://doi.org/10.1038/nrcardio.2016.45
https://doi.org/10.1093/eurheartj/ehz151
https://doi.org/10.1093/eurheartj/ehz234
https://doi.org/10.3390/jcm10071514
https://doi.org/10.1097/HJH.0000000000002805
https://doi.org/10.1097/HJH.0000000000002805
https://doi.org/10.1056/NEJM200101043440101
https://doi.org/10.1056/NEJM200101043440101
https:/doi.org/10.1161/HYPERTENSIONAHA.107.105296
https:/doi.org/10.1161/HYPERTENSIONAHA.107.105296
https://doi.org/10.1056/NEJMoa021716


Hypertension in Women

EUROPEAN CARDIOLOGY REVIEW
Access at: www.ECRjournal.com

40. Kjeldsen SE, Hedner T, Syvertsen JO, et al. Influence of age, 
sex and blood pressure on the principal endpoints of the 
Nordic Diltiazem (NORDIL) Study. J Hypertens 2002;20:1231–
7. https://doi.org/10.1097/00004872-200206000-00038; 
PMID: 12023696. 

41. Lewis CE, Grandits A, Flack J, et al. Efficacy and tolerance of 
antihypertensive treatment in men and women with stage 1 

diastolic hypertension. Results of the Treatment of Mild 
Hypertension study. Arch Intern Med 1996;156:377–85. 
https://doi.org/10.1001/archinte.1996.00440040047006; 
PMID: 8607723.

42. Brunstrom M, Carlberg B. Association of blood pressure 
lowering with mortality and cardiovascular disease across 
blood pressure levels: a systematic review and meta-

analysis. JAMA Intern Med 2018;178:28–36. https://doi.
org/10.1001/jamainternmed.2017.6015; PMID: 29131895. 

43. Ahmad A, Oparil S. Hypertension in women: recent 
advances and lingering questions. Hypertension 2017;70:19–
26. https://doi.org/10.1161/HYPERTENSIONAHA.117.08317; 
PMID: 28483918. 

https://doi.org/10.1097/00004872-200206000-00038
https://doi.org/10.1001/jamainternmed.2017.6015
https://doi.org/10.1001/jamainternmed.2017.6015
https://doi.org/10.1161/HYPERTENSIONAHA.117.08317

