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Abstract

Purpose of Review—We will highlight the biological processes across a women’s lifespan 

from young adulthood through menopause and beyond that impact blood pressure and summarize 

women’s representation in hypertension clinical trials.

Recent Findings—Throughout their lifetime, women potentially undergo several unique sex-

specific changes that may impact their risk of developing hypertension. Blood pressure diagnostic 

criteria for pregnant women remains 140/90 mmHg and has not been updated for concordance 

with the 2017 ACC/AHA guideline due to a lack of data. Although on a population level, women 

develop hypertension at later ages than men, new data shows women’s BP starts to increase as 

early as the third decade Understanding how age and sex both contribute to hypertension in elderly 

women is crucial to identify optimal blood pressure and treatment targets.

Summary—Effective screening, monitoring, and treatment of hypertension throughout a 

women’s lifespan is necessary to reduce CVD risk. We highlight several gaps in the literature 

pertaining to understanding sex-specific hypertension mechanisms.
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Introduction

Hypertension is a leading modifiable risk factor for cardiovascular disease and is highly 

prevalent worldwide.(1) The prevalence of hypertension is known to vary by sex and age, 

and the impact of increased blood pressure is different for men and women. (2) For a 

comparable 10mmHg increase in systolic blood pressure, women experience a 25% increase 

in CVD risk while men risk is only 15% higher.(3) Sex-specific differences in blood 

pressure (BP) have been noted since the early 1900’s when women were first observed to 

have lower BP compared to men of a similar age.(4) BP, and consequently hypertension 

prevalence, is lower in women from adolescence until menopause or the fifth decade of life,

(5–7) following which the prevalence of hypertension increases steeply in women.(8) 

Despite the higher prevalence of hypertension in men, a recent study of 32,833 individuals 

(17,733 women [54%]) followed for over four decades, demonstrated that women actually 

have a steeper increase in BP as early as the third decade that continues throughout the life 

course.(7) These differences persisted even after adjustment for multiple cardiovascular risk 

factors. Taken together, these sex differences in BP across the life course may have 

important implications for the diagnosis and treatment of hypertension in men and women, 

though currently there are no sex-specific guidelines for the diagnosis or treatment of 

hypertension.

In this review, we highlight a variety of sex-specific biological processes across a women’s 

lifespan from young adulthood through menopause and older age that impact BP and 

hypertension (Figure 1). We will also emphasize areas where future studies are needed to 

further understand these differences in hypertension mechanisms and treatment, highlighting 

the importance of prespecified analyses by sex in clinical trials. Although beyond the scope 

of this review in which we focus on biological sex and hypertension, gender - a social 

construct – also influences blood pressure and hypertension. Gender inequities and different 

socialization patterns across genders may affect cardiovascular risk.(9)

Hypertension in Young Adulthood

BP trajectory tracks from childhood through adulthood, and elevations in childhood BP are a 

risk factor for later life hypertension and cardiovascular events.(10–12) This association 

does not differ between sexes,(13) but the cardiovascular phenotype of essential 

hypertension has been shown to differ in young men compared to women. In an analysis of 

3,145 healthy participants of the UK Enigma study, a long term follow up study of 18–49 

year old individuals, men with hypertension had a predominately “cardiac” phenotype of 

hypertension with low or normal peripheral vascular resistance, while women had 

predominately a “vascular” phenotype of hypertension with elevated peripheral vascular 

resistance, augmentation index and aortic pulse wave velocity. (14)

As previously mentioned, young men have a higher prevalence of hypertension than women 

of a similar age, and the beneficial effects of female-predominant sex hormones such as 

estrogen may partially explain lower BP in women. This phenomenon has been extensively 

explored in previous literature.(15–18) Briefly, the first mechanism by which estrogen can 

be protective in women is through its modulation of the renin-angiotensin-aldosterone-
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system (RAAS). Estrogen increases angiotensinogen synthesis and decreases renin and 

angiotensin converting enzyme (ACE) activity and consequently decreases angiotensin 2 

levels, thus shifting balance to the depressor pathways of the RAAS. Estrogen also decreases 

the prohypertensive effects of endothelin 1 by decreasing its production as well as the 

expression of endothelin receptor types A and B. Similarly, the estrogenic compound 17β-

estradiol increases nitric oxide synthase and decreases angiotensin 2 production leading to 

vasodilation. Estrogen therefore can lead to a decrease in BP through several mechanisms. 

On the other hand, testosterone, which is lower in premenopausal women than men, shifts 

the balance of the RAAS system to the pressor pathway, i.e. it increases vasoconstriction and 

sodium retention along with BP. Therefore, in premenopausal women the effect of a 

relatively higher level of estrogen coupled with a lower level of testosterone results in lower 

BP compared to men of a similar age. Of note, BP in women is lowest during the luteal 

phase of the menstrual cycle when estrogen levels are at their peak.(19–21)

Derangements in the hormonal milieu of reproductive aged women can negate the expected 

sex-specific lower BP in women. The most common example of this is polycystic ovarian 

syndrome (PCOS) which is characterized by elevated testosterone levels, irregular menstrual 

cycles, excessive body hair, reduced fertility, increased risk of diabetes and obesity, and 

hypothalamic hypoestrogenaemia – an abnormal pituitary regulation of estrogen leading to 

low plasma estrogen.(22) Similarly, obese premenopausal women, who often have altered 

hormonal levels, have a higher risk of hypertension compared to lean women.(23, 24) The 

effect of increase body mass index on BP is greater in women than men, however the 

mechanism behind this has not been explored.(25) Other behavioral risk factors for 

hypertension such as smoking and low levels of physical activity can also contribute to high 

BP in young women.(26) However, whether a sex-specific impact of these modifiable risk 

factors on BP exists is not well elucidated.

It is important to note that unlike in adults, hypertension in adolescents (12–18 years) and 

young adults (19–39 years) is mostly due to secondary etiologies and an age-based approach 

to determining the underlying and potentially correctible cause is recommended.(27) As 

outlined in Table 1, fibromuscular dysplasia is more common in young women.(27–29) 

Medications are also an important potentially reversible cause of hypertension. Despite the 

beneficial effects of endogenous estrogen on BP, the chronic use of oral combined hormonal 

contraceptives (CHC), those containing both an estrogen and progestin, is associated with 

BP elevation and overt hypertension in ~5% of high dose users (at least 50 microgram of 

estrogen and 104mg of progestin).(30–33) In a prospective cohort of 68,000 women, those 

taking low dose oral CHCs had a 1.5 times greater risk of developing hypertension.(34) 

Although not dose-dependent, the development of hypertension in women taking oral CHCs 

appears to be related to the cumulative duration of use. For every 5-year increment of using 

oral contraceptives, risk of hypertension increased by 13% (95%CI: 1.03–1.25. Cessation 

reverses the effect on BP with a return to pretreatment levels within 3 months of 

discontinuation.(34) It has been shown that among hypertensive women on oral CHCs 

(n=72) discontinuation of CHC had the same BP lowering effect as the addition of an 

antihypertensive medication.(35) Of note, the use of progestin only pills does not appear to 

have a significant effect on BP.(36) Alternatives to oral CHCs including progesterone-only 
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depot injections, subcutaneous estrogen implants or levonorgestrel-releasing intrauterine 

devices are safe and widely available.(37–39)

The mechanism behind the effect of oral contraceptives on BP is not clearly understood. The 

estrogen component (ethinyl estradiol) in oral CHCs increases the hepatic production of 

angiotensinogen and activates the RAAS, which may increase vascular resistance. Ethinyl 

estradiol also has prothrombotic and proinflammatory effects.(40) Oral CHCs have also 

been shown to increase circulating uric acid, impair the endothelin dependent nitric oxide 

pathway, elevate proinflammatory biomarkers and lead to endothelial dysfunction.(41, 42)

The American College of Obstetricians and Gynecology 2019 Practice Bulletin endorses the 

US Medical Eligibility Criteria recommendations for the initiation of CHCs.(43) Women 

with high BP (systolic 140–159 mmHg or diastolic 90–99 mmHg), and those with 

hypertension who are age >35 years should avoid CHCs if possible. CHC use is 

contraindicated for women with systolic BP ≥160 mmHg or diastolic BP ≥ 100mmHg or 

vascular disease. For women ≤ 35 years with controlled hypertension who are otherwise 

healthy, evidence suggests that they can continue combined oral contraceptives if they show 

no evidence of end-organ damage and do not smoke. For all other women on 

antihypertensive medications, use of oral contraceptives is left up to clinical judgement of 

the physician and patient acceptability of non-hormonal methods or progestin-only pills. 

After initiating oral contraceptives, BP should be checked within 2 to 4 weeks and at follow 

up visits every 6 months to monitor for the development of hypertension. CHCs should be 

discontinued and another form of contraception should be considered if BP increases 

markedly in the absence of other causes. BP measurement before or during the initiation of 

progestin-only pills, subdermal implants, depot-medroxyprogesterone acetate, or 

levonorgestrel-releasing intrauterine is not indicated.(44)

Hypertension in Pregnancy

Overview of hypertensive disorders of pregnancy

It is important to note that special consideration should be given to hypertension during 

pregnancy. The definitions of the four hypertension disorders of pregnancy (chronic 

hypertension, gestational hypertension, preeclampsia/eclampsia, and preeclampsia 

superimposed on chronic hypertension) are found in Table 2 and these disorders complicate 

up to 10% of pregnancies.(45–47) Classification depends on the timing of development of 

hypertension or persistence of hypertension postpartum along with the presence or absence 

of target organ damage. The American College of Obstetricians and Gynecologists 

hypertension guidelines do not incorporate the 2017 ACC/AHA BP guidelines 

recommendation to reclassify prehypertension as elevated BP (systolic BP 120–129 mmHg) 

and stage 1 hypertension (systolic BP 130–139 mmHg/diastolic BP 80–89 mmHg), and 

continue to use the cut-off of 140/90 mmHg for the diagnosis of hypertension.(48) Future 

research is needed to clarify the impact of implementing a consistent definition of 

hypertension in pregnant and non-pregnant adult women.
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Overview of BP goal and antihypertensives in pregnancy

Another notable difference between hypertension in the pregnant and non-pregnant adult 

woman is the difference in recommended BP targets during pregnancy. There are many 

differences among international hypertensive disorders of pregnancy guidelines regarding 

the threshold for antihypertensive medication initiation and treatment targets and a full 

discussion of the topic is outside the scope of this review.(49) During pregnancy, women 

should be transitioned to the preferred antihypertensive medications nifedipine, labetalol, 

and/or methyldopa, which is often done in consultation with an obstetrician/gynecologist or 

maternal fetal medicine specialist.(46) Women who are hypertensive and planning to 

become pregnant or are pregnant should not be treated with angiotensin converting enzyme 

inhibitors/angiotensin receptor blockers or direct renin inhibitors due to potential for 

teratogenesis (intrauterine growth restriction, neonatal renal failure, oligohydramnios and 

death).(46) Atenolol, a beta blocker, should also be avoided as it may cause intrauterine 

growth restriction and low birth weight.(46) Thiazide diuretics can be continued during 

pregnancy if they were used before and should be stopped if pregnant women develop 

preeclampsia to avoid worsening intravascular volume depletion.(50, 51)

BP measurement during pregnancy

The United States Preventive Task Force (USPSTF) recommends BP measurement to screen 

for preeclampsia at each prenatal visit for women without a known diagnosis of a 

hypertensive disorder to enable early diagnosis and monitoring and minimize the risk of 

adverse maternal/fetal events.(52) Similar to recommendations from the 2017 ACC/AHA for 

non-pregnant adults, prior to diagnosing hypertension in a pregnant women, BP 

measurements should be repeated and confirmed to be elevated on two separate occasions. 

The exception in pregnancy occurs when there is concern for severe hypertension, a medical 

emergency defined as systolic BP ≥160 and/or diastolic BP ≥110 mmHg. In this situation, 

the measurement should be repeated within a short interval (15 min) to confirm or refute the 

diagnosis. Another difference in the diagnostic criteria used for pregnant women versus 

other groups of adults is that out of office definitions of hypertension are not incorporated 

into current guidelines. Several ongoing and recently published studies examining 

correlations between office and out of office BP in pregnant women have yet to be 

incorporated into ACOG recommendations.(53–56) Using a validated device to measure BP 

is of utmost importance given the consequences of hypertension in pregnancy. A systematic 

review identified BP devices validated for accuracy in pregnancy which are listed in Table 3 

along with subsequent devices that have been approved.(57–61)

Hypertension in the postpartum period

Women who develop hypertension during pregnancy have an increased risk of 

prehypertension/hypertension in the year after delivery and an increase risk of developing 

other cardiometabolic disorders such as diabetes mellitus and hypercholesterolemia.(62, 63) 

For every 13 mmHg increase in systolic BP in early and late pregnancy, risk of 

cardiovascular mortality increased by 20% and 14% respectively.(64) Preeclampsia has also 

been shown to be associated with a 4-foldincrease in incident heart failure and 2-fold 

increase in incident coronary heart disease, stroke, and cardiovascular death.(65)

Ghazi and Bello Page 5

Curr Atheroscler Rep. Author manuscript; available in PMC 2022 June 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In the majority of women, BP falls during the first and second trimesters and approaches its 

pre-pregnancy levels during the third trimester. In this setting, gestational hypertension and 

preeclampsia usually begin to resolve within 2 weeks postpartum and should resolve fully 

within 12 weeks. If hypertension persists, a diagnosis of chronic hypertension should be 

considered with appropriate secondary work-up for underlying etiologies as clinically 

indicated.(66–68) In other women, postpartum hypertension can present as either persistent 

or new onset hypertension (3–6 days postpartum) with prevalence rates varying widely 0.3–

27.5% depending on the group studied.(67) New onset postpartum hypertension may be due 

to a large volume of intravenous fluid administered during delivery, loss of pregnancy 

associated vasodilation, use of nonsteroidal anti-inflammatory drugs postdelivery, as a side-

effect of medications used for the treatment of postpartum hemorrhage, or as extravascular 

fluid mobilizes following delivery and often resolves in a similar timeline of gestational 

hypertension.(62, 69) Of note, preeclampsia can also arise de novo postpartum.(70)

Assistive reproductive technologies and hypertension

The use of assisted reproductive technologies (ART) to help treat infertility is rising 

worldwide.(71, 72) A recent systematic review found that there is a significant increased risk 

of preeclampsia in women who use ART (all types) for conception vs. natural conception 

(relative risk [RR]= 1.71, 95% CI: 1.11–2.62).(73) Invasive ARTs, including intrauterine 

insemination, in vitro fertilization, intracytoplasmic sperm injection, oocyte donation, single 

or double embryo transfer, and transfer after fresh and frozen cycles, are associated with 

increased risk of gestational hypertension (RR= 1.79 [1.24, 2.57]), preeclampsia (RR= 1.75 

[1.50, 2.03]) and all pregnancy related hypertensive disorders (RR= 1.54 [1.39–1.70]) 

regardless of gestation order.(74) Similarly non-invasive ART (ovulation induction) was 

associated with an increase in preeclampsia (RR= 1.56 [1.27, 1.91]) and all hypertensive 

disorders of pregnancy (RR= 1.24 [1.05, 1.45]).(74) A population based cohort study from 

national health registries in Sweden, Denmark and Norway found that hypertensive 

disorders of pregnancies were found in 6% of ART singleton pregnancies and 13% of ART 

twin pregnancies.(75) Risk of hypertensive disorders was higher in ART singleton 

pregnancies compared to spontaneously conceived singleton pregnancies with all ART 

modalities (fresh cycle, frozen cycles, invitro fertilization, intracytoplasmic sperm injection). 

The highest risk in singleton pregnancies was observed after frozen–thawed cycles [odds 

ratio (OR) = 1.41 (1.27, 1.56)]. For twin pregnancies higher risk of hypertensive disorders 

was only observed after frozen-thawed cycles compared to spontaneous twin pregnancies 

[OR= 1.57 (1.34, 1.85)]. The mechanism by which ART increases risk of preeclampsia is 

unclear especially given the multitude of potential confounders associated with infertility 

itself that may affect the association between ART and preeclampsia. However a few 

hypothesis exist, first recurrent spontaneous miscarriages which are common with ART are 

associated with an increased risk of preeclampsia.(76) Second, placental insufficiency, a 

hallmark of preeclampsia, may result upon transfer of the conceptus into the uterine cavity 

of the woman and the altered hormonal environment in the endometrium.(77, 78) Third, 

ART may contribute to oxidative stress which increases the risk of preeclampsia.(73) 

Additionally, absence of the corpus luteum in programmed cycles - common with in vitro 

fertilization specifically with frozen thawed embryo transfer - may increase the risk of 
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abnormal maternal cardiovascular adaptation to pregnancy leading to an increased risk of 

preeclampsia.(79) Lastly, while women with chronic hypertension that predates pregnancy 

are known to be at heightened risk for the development of superimposed preeclampsia 

during pregnancy, to our knowledge the potential interaction between chronic hypertension 

and ART has not been rigorously examined.(77)

There have been conflicting results regarding the potential long-term effect of ART on 

hypertension risk.(80, 81) In one study of nonobese women aged 43 years and older who 

conceived by ART mean systolic and diastolic BP was higher for up to three years after 

delivery and age at menopause age was significantly earlier compared to women who 

conceived without ART.(82)

Hypertension and Menopause

The prevalence of hypertension in postmenopausal women is higher than that in men of a 

comparable age and 75% of postmenopausal women (age >60 years) in the U.S. have 

hypertension.(83) During menopause, estradiol levels decrease thus activating the RAAS 

and leading to vasoconstriction. There is also an increase in salt sensitivity(17). Additionally, 

androgen production continues in postmenopausal women and may increase arterial stiffness 

and vascular inflammation leading to endothelial dysfunction and increased BP. However, 

findings are inconsistent in the literature as far as the role of estrogen/androgen on 

hypertension in postmenopausal women. (25, 83–85) Severity of menopausal symptoms 

should also be asked about. Studies have shown women who experience vasomotor 

symptoms such as hot flashes have higher awake and asleep blood pressure when compared 

to women without hot flashes.(86) It is important to note that it is difficult to separate the 

exact role of hormonal changes from aging on BP. Another mechanism contributing to 

hypertension in postmenopausal women is an increase in sympathetic activation that could 

be due to increased body weight and redistribution of body fat as well as increased leptin 

levels.(25) Postmenopausal women are also more likely to have a non-dipping BP pattern 

which is associated with poorer cardiovascular outcomes and more target organ damage in 

women compared to men.(87, 88)

Menopausal Hormone Therapy

Menopausal Hormone Therapy (MHT), previously known as hormone replacement therapy 

includes both combined estrogen and progestin and estrogen alone for women who have 

undergone hysterectomy. MHTs have been shown to have little to no effect on BP. In the 

Women’s Health Initiative (WHI), a randomized placebo-controlled trial of 16,000 women 

examining the effect of MHT on cardiovascular outcomes participants randomized to MHT 

had a 1.5 mmHg increase in systolic BP compared to those on placebo after 5.2 years.(89) 

The Kronos Early Estrogen Prevention Study examined the effect of two different 

formulations of MHT [daily oral conjugated equine estrogen (0.45 mg), or weekly 

transdermal 17β-estradiol (50μg) each with intermittent progesterone (200 mg daily 12 days 

of the month)] on recently postmenopausal women with no hypertension pressure at 

baseline.(90) Neither MHT formulation produced any significant change to BP. In the 

Postmenopausal Estrogen/Progestin Interventions trial, among 875 healthy postmenopausal 

Ghazi and Bello Page 7

Curr Atheroscler Rep. Author manuscript; available in PMC 2022 June 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



women, the use of estrogen with or without progestin did not affect BP after 3 years. Some 

studies have found that estrogen replacement therapy reduces ambulatory BP and result in 

greater dipping in nighttime BP.(91, 92) However, MHT should not be used only for primary 

prevention of cardiovascular disease given the increased risk of coronary heart disease, 

stroke, and venous thromboembolic risk in women on MHT as shown in the WHI study 

especially for women who are >10 years postmenopausal.(93–97)

Hypertension in Elderly Women

Hypertension prevalence increases with age and a steep rise in rates occur in women starting 

as early as the third decade of life.(7) Hypertension rates are higher in women than men 

aged 65 years and older.(98) The mechanism behind increasing BP in elderly women are 

linked to a decline in nitric oxide synthesis after menopause and a decline in endothelial 

function thus leading to impaired endothelium mediated vasodilation.(99, 100) Other non-

specific sex mechanism related to aging contribute to a rise in BP with age such as 

inflammation, oxidative stress, comorbidities, and arterial stiffness.(101, 102) NHANES 

data (2011–2014) showed that among individuals ≥75 years, 81.2% of women have 

hypertension vs. 73.4% of men (Figure 1).(98) Compared to young and middle aged women, 

elderly women also have more severe hypertension and lower rates of BP control.(98)

Irrespective of sex and age, the current recommended BP goal is <130/80 mmHg for all 

adults, except for pregnant women as previously discussed.(48) This is in line with the 

findings from the Systolic BP Intervention Trial (SPRINT) that showed that intensive 

(systolic BP <120 mmHg) vs. standard (<140 mmHg) BP lowering resulted in significantly 

lower rates of fatal and nonfatal cardiovascular events and all-cause mortality even in the 

prespecified subgroups of women and adults ≥75 years.(103, 104) There was no difference 

in number of participants who experienced injurious falls or prevalence of orthostatic 

hypotension in the SPRINT in the intensive vs. standard group.(104) The Hypertension in 

the Very Elderly Trial (HYVET) which enrolled participants over the age of 80 (60% 

women) showed that hypertensive treatment vs. no treatment significantly reduced 

cardiovascular and all-cause mortality, fatal and non-fatal stroke and heart failure even after 

adjustment for sex.(105) Thus, it is important to treat hypertension in elderly women and 

men. Not only that, but controlling BP as a way to optimize cardiovascular health and may 

reduce cognitive decline and prevent dementia in the elderly irrespective of sex.(106–109) 

However, the benefit of antihypertensive treatment on frailty is still not well elucidated as 

frail adults are usually excluded form clinical trials such as SPRINT and HYVET. Currently, 

there are no specific BP treatment guidelines for the frail or age specific guidelines for 

adults, and future studies are needed to fill this important gap in evidence.

Representation of Women in Hypertension Clinical Trials

A systematic review of 740 cardiovascular clinical trials between 2010 and 2017 using data 

from ClinicalTrials.gov showed that despite making up 51% percent of the population, 

women represent only 38.2% of trial participants.(110, 111) Women’s representation in 

trials varied by disease state and was highest in trials of pulmonary hypertension and 

hypertension (46.2%) and lowest in trials on heart failure, acute coronary syndrome, 
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arrythmia, and coronary heart disease. (110) The National Heart, Lung, and Blood Institute 

(NHLBI) reinstated the importance of including women in cardiovascular clinical trials 

consistent with the epidemiology of the disease and the need to include and need to report 

valid analysis of women in a recent perspective piece.(112) Future trials of hypertension 

lowering must include women across the lifespan to address the various issues we have 

presented herein. Previous trials have included predominantly menopausal and 

postmenopausal women, which may limit their generalizability.

Conclusion

Hypertension affects women throughout their lifetime, and exacerbating factors vary by age. 

Use of oral contraceptives, pregnancy, assisted reproductive technology and menopause are 

unique hypertension risk factors in women that should be taken into account when screening 

and managing hypertension. Despite scientific advances, sex-specific gaps in the evidence 

base remain. These include: 1) understanding whether there should be sex-specific 

thresholds for the diagnosis and treatment of hypertension across a women’s lifespan 

specifically during pregnancy and in the elderly, 2) sex specific impact of modifiable risk 

factors on blood pressure, such as obesity, 3) understanding the long term impact of ART on 

hypertension risk. We advocate for inclusion of women of all ages in all cardiovascular 

related trials given the physiological changes women go through across their lifetime.
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Figure 1. 
Issues unique to hypertension and blood pressure in women across the lifespan.
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Table 1.

Most common secondary causes of hypertension in adolescents and young adults(27–29)

Causes Definition/Description Age Sex-specific

Coarctation of the 
Aorta

Narrowing of the descending aorta 12–18 No
However, should be 
suspected in young women 
with Turner syndrome, 
Takayasu arteritis, lupus 
erythematosus, and with 
other rheumatologic 
diseases

Renal Parenchymal 
Disease

Includes various disorders of the kidney 12–18 and 19–
39

No

Thyroid Dysfunction Thyroid hormone affects the systemic vasculature and cardiac 
output (Hypothyroidism or hyperthyroidism)

19–39 Yes, more common in men

Fibromuscular 
Dysplasia

Vascular disorder of unknown etiology that causes narrowing 
mainly of renal arteries and leads to decreased renal perfusion

19–39 Yes, affects mostly women

Polycystic Ovarian 
Syndrome (PCOS)

Heterogeneous syndrome primarily characterized by ovulatory 
dysfunction and hyperandrogenism

12–18 and 19–
39

Only women

Endocrine disorders Includes but not limited to:

• Hyperthyroidism, congenital adrenal hyperplasia, 
Cushing syndrome, primary aldosteronism, primary 
hyperparathyroidism, diabetes mellitus, 
hypercalcemia, pheochromocytoma

12–18 and 19–
39

No

Psychological Includes but not limited to:

• Mental stress, anxiety

12–18 and 19–
39

No

Other Renal Diseases Includes renovascular disease and primary kidney disease 12–18 and 19–
39

No

Pharmacological 
causes

Include but not limited to:

• corticosteroids, NSAIDS, chemotherapeutic agents, 
stimulants, calcineurin inhibitors, antidepressant, 
oral contraceptives

12–18 and 19–
39

No (except oral 
contraceptives in women 
only)
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