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1. Summary  

INTRODUCTION: Hormone replacement therapy (HRT) is prescribed to women for 

the treatment of postmenopausal symptoms; however, there remains doubt about what 

kind of influence does it have on cognition. Previous studies, in animal models and 

observational clinical data, showed that estrogen could have a positive effect on the 

aging brain; but large clinical trials, such as the Women’s Health Initiative Memory 

Studies (WHIMS), showed a negative effect on cognition in older women. We aimed 

to explore possible reasons for such inconsistency, based on the results of the clinical 

studies classified according to patient age, duration and type of hormone replacement 

therapy. 

METHODS: We carried out a literature search for the period between January 1995 to 

May 2018 in three databases (PubMed, Embase, Cochrane) using the following 

keywords: progesterone, estrogen, cognition. Inclusion criteria were the following: 

randomized controlled trial, cognition test(s), no additional pharmacological 

manipulations, no phytoestrogens/herbal preparations or selective estrogen receptor 

modulators (SERMs). 

RESULTS: After application of the inclusion criteria, a total of 34 (35) articles out of 

7,086 were included. Regarding the duration of therapy, 3 studies used acute (≤1 

month), 18 subacute (1 month - 1 year) and 14 used chronic therapy (≥1 year). Most 

of the studies, (20/36) showed that HRT had no effect on cognition; whereas, an 

additional 6 showed positive influence on verbal cognition in younger women 

(medroxyprogesterone acetate was not the part of HRT). The remaining 9 studies 

showed a negative effect on cognition (6/9 done in older patients). 

CONCLUSION: There is evidence of a positive effect with the use of unopposed 

estrogen or estrogen/micronized progesterone in younger women, with acute and 

subacute therapy. There is a negative effect on cognition with the use of conjugated 

equine estrogen/medroxyprogesterone acetate in older postmenopausal women. The 

great majority of studies included in our research showed that HRT had no effect on 

cognition. Future studies should focus on the research effect of natural progesterone 

and estrogen in younger postmenopausal women. 
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2. Sažetak 

UVOD: Hormonska nadomjesna terapija (HNT) se prepisuje ženama za liječenje 

postmenopauzalnih simptoma, međutim  utjecaj na kognitivne funkcije i dalje ostaje 

nejasan. Istraživanja na životinjskim modelima kao i epidemiološke studije ukazuju na 

pozitivan učinak HNTna kogniciju, ali su velika randomizirana klinička istraživanja 

poput Women’s Health Initiative Memory Studies (WHIMS) pokazala negativan učinak 

HNT-a na memoriju kod žena. Cilj ovog rada je da se nađe objašnjenje za navedene 

razlike , te smo rezultate studija klasificirali prema ishodu studije, starosti uključenih 

pacijentica i duljini i tipu HNT. 

METODE: Pretražili smo  tri baze podataka (PubMed, Embase, Cochrane), u razdoblju  

od siječnja 1995. do svibnja 2018.,  koristeći slijedeće ključne riječi: progesterone, 

estrogen, kognicija. Uključni kriteriji su bili: randomizirani klinički pokus, postojanje 

kognitivnih testova. Dok su isključni kriteriji bili: korištenje drugih lijekova, korištenje 

fitoestrogena/biljnih preparata ili selektivnih modulatorov estrogenskog receptora 

(SERMs) 

REZULTATI: Nakon primjene navedenih kriterija ukupno 34 (35) od 7,086 studija su 

uključene u naš rad. U svezi sa duljinom liječenja, 3 studije su koristile akutnu (≤1 

mjesec), 18 subakutnu (1 mjesec – 1 godina) i 14 kroničnu (≥1 godina) hormonsku 

terapiju. Većina studija (20/36) je pokazala da HNT nema učinak na kogniciju, 6 je 

pokazalo pozitivan učinak na verbalnu kogniciju u mlađih žena (medroksiprogesteron 

acetat nije bio dio HNT). Preostalih 9 studija je pokazalo negativan efekat na kogniciju 

(6/9 studija je bilo u starijih pacijentica). 

ZAKLJUČAK: Rezultati ovog rada upućuju na pozitivan učinak akutne i subakutne 

terapije estrogenom ili estrogenom/mikroniziranim progesteronom na kogniciju u 

mlađih žena. Negativan učinak je zabilježen pri terapiji s konjugiranim estrogenom/ 

medroksiprogesteronom acetatom  u starijih postmenopauzalnih žena. Velika većina 

studija uključenih u istraživanje ipak pokazuju da HNT nema učinka na kogniciju. 

Buduće studije bi se trebale usredotočiti na istraživanje učinka prirodnog progesterona 

i estrogena u mlađih postmenopauzalnih žena. 
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3. Introduction 

3.1  Menopausal transition and cognition 

The female body goes through great hormonal changes during the period of 

perimenopause and menopause. The symptoms usually become recognized in 5th 

decade of their life and the median age of menopause in developed countries is 

between 50 and 52 years of age (1). That means that women on average spend one 

third or their lifetime in menopause. Several biological changes occur during the 

menopausal transition. Even before birth, the number of oocytes start declining. At birth 

there are about 1 to 2 million and by menarche this number falls to 400,000. By the 

time of menopause, they reach a critically low level where there is only a few hundred 

left (2). With that, endocrinological changes are observed. There are rising 

gonadotropin levels, especially of follicle stimulating hormone (FSH) and declining 

levels of estrogen; which characterize the menopausal transition. Up to 85% of women 

experience negative symptoms related to it; such as vasomotor symptoms, vaginal 

dryness, insomnia, mood and cognition changes (3,4). There is a decrease in bone 

density and a risk for developing osteoporosis, as well as an increased risk of coronary 

heart disease and depression. Hormone replacement therapy was shown to be 

effective for bone density, vasomotor and genitourinary symptoms, but its impact on 

cardiovascular disease, depression and cognitive dysfunction continues to be a subject 

of research (5,6). 

The nervous system is closely regulated by steroid hormones and during the 

menopausal transition biochemical, structural and functional changes can be observed 

in the brain (7). There is, therefore, sufficient evidence to support the fact that estrogen 

influences cognitive functions in women. Estrogen probably causes a specific effect on 

cognition; more exactly, enhances aspects of verbal memory where, at the same time, 

it could have a negative effect on spatial memory (8). Some studies also support that 

estogen exerts a positive effect on sexually specific cognitive skills, in which women 

usually stand-out from men (like verbal articulation and fine motor skills) (8).  
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We can also observe a higher incidence of dementia and, especially, Alzheimer’s 

disease (AD) in elderly women when compared to men; and these differences cannot 

be explained solely by increased longevity (9). Furthermore, experimental animal 

studies suggest that estrogen and progesterone exert numerous protective actions 

which are relevant in prevention of dementia and AD, such as increasing neuron 

viability and reducing the accumulation of beta-amyloid which is a known factor in the 

initiation and progression of AD (10). Evidence suggests that these neuroprotective 

effects could decrease with increasing age due to decrease of neural receptiveness to 

estrogen. This could decrease the possible therapeutic use of HRT for cognitive 

problems in elderly women. Estrogen’s neuroprotective action is also modulated by 

progesterone. Whereas continuous progesterone exposure was associated with 

inhibition of estrogen actions, cyclic delivery could enhance neural benefits of estrogen 

(11). Regarding the role of HRT in postmenopausal women with Alzheimer’s disease 

there are studies which show, as mentioned before, that estrogen and progesterone 

depletion in postmenopausal women represents a significant risk for developing AD, 

which could be reduced by estrogen-based HT. However, the data from recent clinical 

trials oppose this beneficial effect (12). 

In this review article we focused on the effects of HRT on cognition in postmenopausal 

women without AD. It is still a matter of debate whether estrogen treatment results in 

improved cognitive function in postmenopausal women. Observational studies showed 

a halved risk of dementia in women who were treated with estrogens around the age 

of menopause. This is also in accordance with many animal and cell culture data; 

however some larger clinical trials, like Women’s Health Initiative Memory Studies 

(WHIMS), found a negative effect on cognition (13).  
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3.2  Estrogen receptors & cognition 

We have 2 types of estrogen classical nuclear receptors namely ERα and ERβ; and a 

G protein coupled receptor (GPR30 or GPER1) (14). They are located in multiple brain 

regions. With some slight differences, both ERα and ERβ are mostly located in the 

medial amygdala, stria terminalis preoptic area, and in different hypothalamic nuclei. 

Membrane associated ER are especially observed in the prefrontal cortex, dorsal 

striatum, nucleus accumbens and hippocampus, all which are involved in learning and 

memory (15). Mechanisms of rapid signalling are employed through GPR30 and 

through the interaction of membranous ERα and ERβ with metabotropic receptors. 

Changes in G-protein and Ca2+, increases the kinase activity; including tyrosine 

kinase (TK), protein kinase A (PKA) and mitogen activated protein kinase (MPKA). 

This change in the kinase/phosphatase equilibrium promotes phosphorylation of 

transcription factors including CREB (14) which induces gene transcription. Research 

suggests that membrane ERα and GPER1 cell survival signalling through AKT and all 

3 receptors can activate Ca2+ to extracellular signal regulated kinase (ERK); signalling 

which is thought to be involved in promoting cell survival and memory (16,17,18). The 

cascade of rapid signalling of all receptors were also shown to enhance ERα mediated 

transcription through its phosphorylation (19), which means that in rapid signalling we 

do not see much of a specific ERα and ERβ action, since all signalling downstream 

causes ERα dependent transcription.  

In the classical nuclear pathway, estrogen binds to an inactive ERα or ERβ monomer 

receptor in the cytoplasm or nucleus. By binding, the monomer becomes activated and 

forms a dimer with another activated monomer. Depending on whether it binds to the 

same receptor type or not, it forms a homodimer or heterodimer. In the last step, the 

activated dimer, together with co-regulator proteins, binds to an estrogen response 

element (ERE) in the DNA to initiate the transcription of target genes (18). Structural 

differences of ERα and β influence estrogen affinity and the interaction with 

transcription activators and repressors (20). ERα homodimers exhibit increased 

transcription in comparison to ERβ homodimers or heterodimers with studies 

suggesting that ERβ can act as a negative regulator of ERα mediated transcription 

(21,22). Furthermore, studies suggest that ERα is the dominant receptor for 

synaptogenesis (23) where relative expression of ERα to β may also be important.  
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Szymczak et al. actually observed a decrease in spine formation with an increase of 

ERβ in the hippocampus of rat brains (24). 

 

Figure 1. Estrogen nuclear pathway. Estrogen binds to an inactive – estrogen receptor α (Erα) 

or – estrogen receptor β (Erβ) in the cytoplasm or the nucleus. The activated estrogen receptor 

monomer forms a dimer with another activated estrogen receptor monomer. Depending on the 

type of monomers they form either a homodimer or a heterodimer. Dimer then binds to the 

estrogen response element (ERE) on the DNA and modifies the transcription of target genes. 

ERβ is acting as a negative regulator of ERα-mediated transcription, therefore the ERα 

homodimers cause an increased transcription in comparison to hetero- or ERβ homodimers. 

Summarized from (12, 15, 18). 
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Figure 2. Membranous estrogen receptor pathway. Membrane associated estrogen receptors 

and associated G-protein coupled receptors are activated by estrogen, which induces 

intracellular signaling cascades. They then rapidly influence the physiology of neural cells or 

phosphorylate estrogen receptor-alpha (ERα) or CREB proteins. AC-adenylyl cyclase, PCL–

phospholipase C, GPER1-G-protein coupled estrogen receptor, PKA-protein kinase A, PKC-

protein kinase C, P-phosphate, CREB- cAMP response element binding protein, CRE-CREB 

response element. Summarized from (12, 15, 18). 

 

Also, the addition of specific ligands for ERα enhances hippocampal learning and 

memory; conversely, the effect is not observed with the activation of ERβ (23). Fugger 

H. N. et al. showed impaired memory performance in ERα-knockdown mice; whereas 

the performance of ERβ-knockdown mice was not compromised (25). Estrogen also 

induces increased expression of nerve growth factors, brain-derived neurotrophic 

factor, and choline acetyltransferase in cholinergic neurons (with an increase in NMDA 

binding sites); all of which are closely connected to cognition (26,27,28).  Aditionally, 

there is evidence that ERα protects against amyloid beta glutamate induced 

neurotoxicity (29).  Amylod beta (Aβ) induces glutamate release from astrocytes and 

with that extrasynaptic NMDA receptor activation and synaptic loss (30). The exessive 

activation of glutamate receptors increases the intracellular Ca2+ concentration. This 

calcium overload causes production of oxygen free   
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radicals, depolarization of the mitochondrial membrane in neurons and activation of 

proteases; consequently leading to cell apoptosis and necrosis (31). Because this 

glutamate induced neurotoxicity is mostly modulated by glutamate NMDA receptors at 

extrasynaptic sites (32), we can conclude that ERα causes some kind of modulation of 

extrasynaptic NMDA to attenuate the effect of glutamate’s increases in Ca2+ levels. 

Another mechanism of estrogen protection against Aβ could be through increased 

expression of Aβ clearance factors mostly insulin degrading enzyme and others, which 

was shown by experiments performed in cell cultures and samples of female rat brains 

(33). 
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3.3  Progesterone receptors & cognition 

The classical nuclear progesterone receptor has been localized to multiple regions of 

the CNS, such as the hippocampus, cortex and cerebellum (34,35). Two isoforms are 

known, namely progesterone receptor A and B (PRA, PRB). PRA is derived with 

alternate initiation of translation from the same mRNA transcript, rather than by 

proteolysis of the larger receptor B protein (36). The classical nuclear PR, like most 

steroids receptors, exerts its action through interaction with specific response elements 

(PRE) in the promoters of target genes and then with basal transcription machinery by 

binding to steroid receptor co-activators and with that initiates transcription of specific 

genes. 

In addition to PRA and PRB, some other splice variants have been identified which are 

formed with the insertion of intronic exons or exon skipping (37). Some of these 

uncommon variants have defective DNA-binding domain and nuclear localization 

signals; and, as such, could be serving as a membrane associated PR (38), which 

exerts its effect through non-genomic mechanisms such as activation of second 

messenger signaling cascades (39,40). Another progesterone binding protein with 

characteristics of G-protein coupled receptor has been identified as a membrane 

receptor. It is known as 7TMPR due to its 7 transmembrane domains (41,42). Even 

though the role of progesterone receptors in reproductive function has been 

extensively studied, the specific receptors that exert neuroprotective effects of 

progesterone are yet to be identified (38). Probably, the gene transcription through 

classical PRA and PRB exerts some of the effects; but progesterone binding sites have 

also been identified on the membrane of hypothalamic and spinal neurons (43). These 

sites, known as progesterone receptor membrane component 1 (PGRMC1) are the 

same ones that exert progesterone antiapoptotic actions in granulose and luteal cells 

in the ovary. There, PGRMC1 exerts its action through activation of SRC family kinases 

or forms complexes with serpine 1 mRNA binding protein (PAIRBP1) (44); but these 

signaling actions are not yet determined in neural cells. Similarly to PGRMC1, the 

before mentioned transmembrane receptor 7TMPR can mediate progesterone 

signaling. It was shown to activate inhibitory G protein and through its inhibition of 

cAMP production activates MAPK pathway (45). Through the activation of MAPK, 

extracellular signal regulated kinase (ERK - which is activated by both progesterone 

and estrogen) is required for induction of neuroprotection (46,47) and  
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activation of its substrate cAMP response element binding protein (CREB) is associ-

ated with resistance to ischemic injury and, in turn, upregulates antiapoptotic protein 

bcl-2 (48,49). In addition to the MAPK/ERK pathway, estrogen and progesterone acti-

vate the  Akt pathway, which also increases neuronal survival (50). 

 

 

Figure 3: Nuclear and membranous progesterone receptor pathway. Nuclear pathway is 

similar to estrogen signalization with formation of homo- and heterodimers which activate the 

transcription of specific genes. Membranous pathway consists of progesterone activating the 

membranous progesterone receptors and progesterone receptor membrane component 1 

(PGRMC1). They activate second messengers and kinases, which in turn activate CREB and 

initiate transcription. PRE-progesterone response element, PR-progesterone receptor, mPR-

membranous progesterone receptor, SERBP1- serpine 1 mRNA binding protein. Summarized 

from (38). 
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 The effect is not the same with the use of synthetic progesterone. 

Medroxyprogesterone Acetate does not affect Bcl-2 expression but rather inhibits the 

one caused by estrogen. Similarly, MPA does not alter Akt phosphorylation, but blocks 

E2-induced Akt phosphorylation (40). Furthermore, the addition of progesterone after 

traumatic brain injury has been shown to reduce the cytotoxic surge of inflammatory 

factors which increase immune cell invasion and cerebral edema (51). In models of 

spinal cord injury, progesterone neuroprotection was associated with an increase in 

brain derived neurotrophic factor (BDNF), choline acetyltransferase and a reduction in 

mitochondrial dysfunction (52,53). Regarding indirect neuroprotective effects, 

progesterone was also found to decrease leakage of the blood-brain-barrier, glial 

activation and to increase myelinization (54,55,56). In neural cells, progesterone is 

transformed into neurosteroid allopregnanolone with sequential action of 5a-reductase 

and 3a-hydroxysteroid dehydrogenase (38), which then binds to GABA-A receptor, 

causing an increase in GABA induced chloride conductance (57,12). Because GABA 

receptor activation inhibits the induction phase of long-term potentiation and can 

through that impair memory process, the same can be true for allopregnanolone (57). 

On the other hand, several studies have suggested that allopregnanolone acting on 

GABA-A attenuates seizure activity and decreases hippocampal neural loss during 

excitotoxicity (58,59,60). Furthermore, glutamate, the main excitatory neurotransmitter 

in the CNS, has been shown to be suppressed by progesterone in dose dependent 

manner, meaning that it can protect the neurons from glutamate excitotoxicity, while 

estrogen has the opposite effect (61,62). There are some other findings of 

progesterone and estrogen’s antagonistic actions. Progesterone was found to block 

estrogen induced increases in hippocampal spine density (63) and upregulation of 

BDNF, neurotrophin 3 and neural growth factor in the entorhinal cortex (64). Bimonte-

Nelson H. A. et al. also found that the addition of progesterone reversed the beneficial 

spatial memory cognitive effects of estradiol in ovariectomized rats (65). In summary, 

the literature shows a complex interaction of estrogen and progesterone to classic 

neurotransmitters, where both of the female sex hormones can have either 

neuroprotective or some neurotoxic effects. 
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3.4  Hormone replacement therapy regimens: continous versus cyclic 
treatment 

Hormone Replacement Therapy regimens can be cyclical (sequential) or continuous. 

Continuous involves taking both estrogen and progesterone daily and is recommended 

for postmenopausal women. Cyclical regimens are recommended for women who 

have postmenopausal symptoms, but still have their periods. Depending on their 

menstrual cycle, these regimens could be monthly (where estrogen is taken every day 

with progesterone only the last 14 days of the cycle) or three-monthly (where estrogen 

is taken daily with progesterone only 14 days every three months). The first is generally 

recommended for women with regular periods and the second for women experiencing 

irregular periods who then have menstrual bleeding once every three months (66). 

Literature shows that continuous versus cyclic progesterone exposure has significant 

differences on gene expression profiles in the brain. A regimen of estrogen with cyclic 

progesterone exposure mimics the physiologic female hormone pattern better and 

induces gene expression profiles consistent with the ovary-intact brain. By contrast, 

the regimen with continuous progesterone exposure induces gene expression profiles 

of the ovarian-hormone-deficient brain (67). In a transgenic mouse model of 

Alzheimer’s disease, treatment with estrogen prevented the increase of tau hyper 

phosphorylation, beta-amyloid accumulation and impaired hippocampal-dependent 

behaviour, where continuous progesterone blocked its beta-amyloid lowering action. 

In contrast, cyclic progesterone alone was able to decrease beta-amyloid levels and 

improved rather than inhibited estrogen effects (68,69). Barron A. M. et al. studied the 

effect of HT regimens on neuron viability and sprouting, after entorhinal cortex lesion 

in rats and found that a combination of estrogen and cyclic progesterone had the 

greatest neuroprotective efficiency (70).  
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3.5  The »timing hypothesis« (window of opportunity)  

Due to before mentioned discrepancies of observational data, which showed 

decreased mortality in women using HRT (71,72) and larger clinical trials, such as WHI 

and the Heart and Estrogen/Progestin Replacement Study (HERS), which showed an 

increase of cardiovascular adverse events and mortality, the idea of a window of 

opportunity was developed (73). This “timing hypothesis” advocates that the cause of 

contradictory results is the time of initiation of HRT; where different clinical effects occur 

if treatment is started close to the onset of menopause, rather than years later. In 

support of this hypothesis, women in observational data started with HRT at younger 

age of onset to treat their postmenopausal symptoms, where women in randomized 

clinical trials were older (74). Clarkson TB tested this hypothesis on a monkey model 

which showed a 70% reduction in coronary atherosclerosis in monkeys immediately 

treated with CEE, whereas the delay of 2 years showed no significant changes (73,75). 

The ELITE trial studied the vascular effects of early and late postmenopausal HRT and 

found that oral estradiol, when initiated within 6 years after menopause, was 

associated with slower progression of subclinical atherosclerosis; whereas a 

beneficiary effect was not observed when HRT was initiated 10 or more years after 

menopause (76). Carrasquilla D. G. et al. also studied the effect of timing of HRT on 

the incidence of coronary heart disease and found that only early initiation (<5 years) 

had a protective effect (77). A study by Pereira R. I. shows that timing could also have 

an effect on insulin action; where transdermal estradiol was able to increase glucose 

disposal rate in women who were treated less than 6 years, but not in women more 

than 10 years after menopause (78). The effect of timing of HRT is not so clear for 

neuroprotection and cognition; however, studies done on animal models show that 

some neuroprotective effects such as CHIP-mediated degradation of brain ERα and 

increased miRNAs expression that regulate BDNF, glucocorticoid receptor, and SIRT-

1 genes which are important for memory and stress regulation are also in accordance 

with the timing hypothesis (79,80). An observational longitudinal study, by Whitmer R. 

A. et al., found that women who use HRT in midlife had a 26% reduced risk of 

dementia; where, on the contrary, women using HRT only in older age had a 48% 

elevated dementia risk compared to women who never used HRT (81). 
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In summary, there is evidence from both animal and clinical studies to support the 

timing hypothesis, but new clinical studies should be developed to study the time period 

until when after menopause is the initiation of therapy purposeful. The belief of the 

North American Menopause Society, stated in their 2017 guidelines, is that for women 

who initiate hormone therapy more than 10 years after menopause, the benefit-risk 

ratio appears less favorable due to greater absolute risks for CHD, stroke, 

thromboembolism and dementia (82). 
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3.6  Pharmacokinetics of hormone replacement therapy  

The pharmacokinetics of HRT is dependent both on the route of administration (oral or 

non-oral) and nature of hormone (natural or synthetic). If we want, for example, to 

achieve early follicular phase levels of estradiol with oral preparation, we have to use 

an approximately 15 times larger amount as produced daily by the ovary (83). Since 

micronized estradiol is almost completely absorbed, that is not the reason for poor 

bioavailability but rather metabolic inactivation which happens in the bowel mucosa 

and liver. Therefore, the result of oral estradiol ingestion is the exposure of the total 

oral dose to the liver, which causes an increase in hepatic substances that are sensitive 

to estrogen, such as renin substrate, lipoproteins, sex hormone binding globulin and 

other carrier proteins (83). Another difference is the proportion of estradiol (parent 

compound) and its metabolites (estrone), which differs from physiologic findings in 

menstrual cycle. Namely, with endogenous estradiol produced by the ovary, the 

proportion of E2/E1 is always larger than 1, whereas estradiol ingested orally is almost 

completely metabolized into estrone in the bowel mucosa (83). In the liver, estradiol is 

in large part further metabolized into estradiol sulfate. Through enzyme 17β 

hydroxylase in hepatic and extrahepatic sites, E1 is converted back to E2 but 

preferential direction of this enzymatic reaction results in almost 10 times larger levels 

of E1 (84). On the other hand, studies have shown physiological E2/E1 ratios when 

the hormone was delivered transcutaneously (85). The transdermal estradiol is 

delivered into systemic circulation through stratum corneum at a constant rate for 

multiple days with avoidance of first-pass hepatic metabolism and can therefore 

maintain the physiologic levels with low daily doses and less side effects (86). 

However, the hepatic effects seen with oral estradiol ingestion is not only linked to the 

oral route of administration, but is also seen when the amount of E2 reaching the liver 

are increased to amounts seen with oral intake. That happens during the first trimester 

in pregnancy when E2 levels are largely increased. The same outcome is seen with 

the use of synthetic estrogens which resist hepatic inactivation, such as ethinyl 

estradiol or CEE. This was demonstrated by the studies using non-oral administration 

of mentioned substances (87,88).  
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Similar principles are true for progesterone where, even with high plasma levels of 

progesterone after micronized progesterone (m-P) oral ingestion, the effect on the 

endometrium is not the same as with increase of endogenous P during the luteal phase 

(89). The reason for that is that recorded high plasma levels with m-P were largely due 

to high levels of P metabolites, mainly 5b pregnanedione and pregnanolone (83). Due 

to this poor bioavailability of oral P, synthetic progesterones (such as MPA) were 

synthetized to resist the enzymatic degradation with oral administration. In addition, P 

also exerts non-genomic effects, such as enhancing the brain´s GABA channels (57). 

These neuro-psychological effects are not shared by synthetic MPA, therefore the 

described principles of pharmacokinetics are more clinically relevant for P than for 

estrogens.  
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4. Methods:  

We carried out a literature search for a period between January 1995 to May 2018, in 

three databases (PubMed, Embase, Cochrane) using the following keywords: 

progesterone OR estrogen AND cognition. We set inclusion criteria, which were the 

following: the studies had to be randomized controlled trial, used cognition test(s) and 

had no additional pharmacological manipulations or used selective estrogen receptor 

modulators (SERMs). Due to the difficult assessment of the amount and concentration 

of phytoestrogens and herbal preparations, these were also excluded. 

 

 

Figure 4: Flow diagram of found studies. RTC- randomized controlled trial; SERMs- selective 

estrogen receptor modulators. 
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In Embase and Pubmed databases we found 5,154 and 1,800 studies, respectively. 

An additional 132 new studies were found while searching the Cochrane database, 

which uses both the Embase and Pubmed databases (Fig. 1). For additional 

information, we also consulted previous review papers. After finding a substantial 

amount of studies, we started reviewing abstracts in order to exclude the ones which 

are not in accordance with our inclusion criteria. A majority of studies which we 

excluded were review articles or studies which did not deal with our particular subject 

of interest. 

After application of our inclusion criteria, a total of 34 articles out of 7,086 were included 

(Fig. 1). The articles that met our inclusion criteria were later divided and categorized 

by the age of the patients, duration of the therapy, type of HRT, and the effect it had 

on cognition.  

The age of the patient was categorized into older and younger women, where the cut-

off age was set to 65 years. The age of 65 has been used in literature as the beginning 

of elderhood, 75 as old and above 90 as very old age. Likewise, a great majority of our 

included articles used the same cut-off age value when categorizing patients into older 

and younger. Since the study “Long-term Effects on Cognitive Trajectories of 

Postmenopausal Hormone Therapy in Two Age Groups” by Espeland MA (90) 

presented the effect in 2 different age groups, we regarded both groups as a separate 

article and with that got an artificial number of 35 articles included in our results.  

The duration of therapy was categorized into acute, subacute and chronic; where the 

cut-off values were: 4 weeks, 12 months and over 1 year, respectively. 

The type of therapy was divided later by patients who received natural estrogen or 

medroxyprogesterone acetate; because we found discrepancies in the effect they had 

on patient’s cognition. 
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5. Results: 

Studies used different types of hormone therapy; where the most common was 

combined estrogen and progesterone therapy, which decreases the risk of endometrial 

carcinoma in women with an intact uterus; and, estrogen only HRT for women who 

have had a previous hysterectomy and who used a transdermal preparation. Therapies 

included a variety of natural (estradiol, m-P) and synthetic (MPA, estradiol valerate, 

ethinylestradiol, norethisterone hormone preparations in generic doses; where some 

studies also used unconventional doses (Table 1). 

 

Table 1: Types of therapy used in studies with standard doses. 

Estrogen Progesterone 
type dosage type dosage 

Estradiol (17beta-es-
tradiol) 

Oral: 0.25mg*, 
0.5mg, 1mg, 2mg, 

Micronized proges-
terone (m-P) 

Oral: 100mg, 
200mg, 300mg 
IM: 50mg 

Conjugated equine 
estradiol (CEE) 

Oral: 0.3mg, 
0.45mg* 0.625mg, 

0.9mg, 1.25mg, 
2,5mg 
IM/IV: (premarin) 
25mg/5ml 

Medroxyprogester-
one acetate (MPA) 

Oral: 2.5mg, 5mg, 

10mg, 100mg 
IM: 150mg/ml, 
400mg/ml 

Estradiol valerate Oral: 1mg, 2mg, 
3mg 
IV: 10mg/1ml, 
20mg/1ml, 
40mg/1ml 

Norethisterone 
(Norethindrone)  

Oral: 0.1mg, 
0.35mg, 0.5mg, 
1mg* 5mg 

Ethinylestradiol Oral: 0.02mg, 
0.05mg, 0.5mg  

Dienogest Oral: 2mg, 3mg 

Transdermal estra-
diol  

Patch: 0.025mg, 
0.05mg, 0.075mg, 
0.1mg, 0.014 mg/d*, 
50 µg /d*, 100µg /d* 
Cream: 0.1mg 

Drospirenone Oral: 0.25mg, 
0.5mg, 1mg, 2mg* 

3mg 

Note: doses in bold were used in included studies. Summarized from https://www.medscape.com/ 

*not a typical dose of HRT 

 

After the application of our inclusion criteria, a total of 35 articles from 7,086 were 

included. Regarding the duration of therapy, 3 studies used acute (≤1 month), 18 

subacute (1 month-1 year) and 14 used chronic therapy (≥1 year) (Table 2), (Table 3), 

(Table 4). Most of the studies, (20/36) showed that HRT had no effect on cognition; 

whereas, an additional 6 showed positive influence on verbal cognition in younger 

women. The remaining 9 studies showed a negative effect on cognition.  
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Table 2: Studies with neutral effect, dividend based on duration of therapy 

STUDIES WITH NO EFFECT ON COGNITION (20) 
Duration Author Treatment/dose 
ACUTE THERAPY    

4 weeks Kocoska-Maras Lj et al (91)  Estradiol 2 mg/d 

SUBACUTE THERAPY   

6 cycles of 28 days  Gorenstein C et al (92) CEE 0.625 mg/d 

24 weeks Wolfa OT et al  Estradiol valerat 2mg/d 
10.9±2.4 months Guvenal T et al (93) CEE 0.625 mg/d + MPA 2.5 mg  

9 months Binder EF et al (94) CEE 0.625 mg/d +MPA 5 mg 

6 months Alhola P et al (95) Estradiol valerat 2mg/d+ 1 mg nore-
thisterone 

4 and 8 weeks LeBlanc ES et al (96) Estradiol 2 mg/d 

3 months Polo-Kantola P et al (97) Estradiol 2,5 mg per os 
Estradiol 3.2 mg TD 

6 months Alhola P et al (98) Patient choice 
20 weeks Almeida OP et al (99) Estradiol 2 mg/d 

6 months Davison SL et al (100) estradiol 1 mg/drospirenone 2 mg 

3 months Smith YR et al (101) ethinyl estradiol 5 ug + 1 mg nore-
thindrone acetate 

10 weeks Dunkin J et al (102) Estradiol 0.1 mg /d TD 
6 weeks Schiff R et al (103) Estradiol 50 µg /d TD 

   

CHRONIC THERAPY   

7 years Espeland MA et al (WHIMS) 
(90) 

CEE 0.625 mg/d + MPA 2.5 mg 

4 years Gleason  CE et al (KEEPS) 
(104) 

CEE 0.45-mg/d or estradiol 50 µg /d 
TD + m-P 200-mg/d 

4 years Kantarci K et al (105) 0.45 mg CEE or-estradiol 50 µg /d TD 

2 years Yaffe K et al (106) 0.014 mg estradiol/d TD 
3 years Pefanco MA et al (107) Estradiol 0.25 mg/d 

2.5 and 5 years Henderson VW et al (108) estradiol 1 mg/d 
Data from included studies, with neutral effect on cognition (91, 92, 93, 94, 95, 97, 98, 99, 100, 101, 102, 103, 90, 

104, 105, 106, 107, 108). 
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Table 3: Studies with neutral effect, dividend based on duration of therapy 

STUDIES WITH POSITIVE EFFECT ON COGNITION (6) 
Duration Author Treatment/dose 
ACUTE THERAPY    

3 days Krug R et al 20 (109) TD Estogen 100 mg/d 

SUBACUTE THERAPY   

90 days Berent-Spillson A et al (110) Estradiol 1 mg/d or P 200 mg/d 

12 weeks Sherwin BB et al (8) CEE 0.626 mg/d or CEE 0.626 mg/d 
+ m-P 2,5 mg/d or 0.626 mg/d + 
MPA 2,5 mg/d 

2 months Linzmayer L et al (111) Estradiol valerate 2mg/d or Estra-
diol valerate 2mg/d + progesterin 
dienogest 3mg/d 

12 weeks Joffe H et al (112) TD Estradiol 0.05 mg/d 

CHRONIC THERAPY   

2 and 4 year  Ryan J et al (113) different types of HT /patient choice 

Data from included studies, with positive effect on cognition (109, 110, 8, 111, 112, 113). 

 

Table 4: Studies with neutral effect, dividend based on duration of therapy 

STUDIES WITH NEGATIVE EFFECT ON COGNITION (9) 
Duration Author Treatment/dose 
ACUTE THERAPY    

4 weeks Kocoska-Maras Lj et al 
(114) 

Estradiol valerate 2 mg/d 

SUBACUTE THERAPY   

4 months  Maki PM et al (4) CEE 0.625 mg/d + MPA 2.5 mg 
3 months Newhouse PA et al (115) Estradiol (1 mg/d for 1 month, then 

2mg/d for 2 months) 

CHRONIC THERAPY   

5.5 years Espeland MA et al 
(WHIMS) (90) 

CEE 0.625mg/d +- MPA 2.5 mg  

3 years Espeland MA et al 
(WHIMS) (116) 

CEE 0.625 mg/d 

4.2 +- 0.4 years Grady D et al (HERS) (117) CEE 0.625 mg/d + MPA 2.5 mg 
4.2 years Stephen RR et al (WHIMS) 

(118) 
CEE 0.625 mg/d + MPA 2.5 mg 

3 years Resnick SM et al (WHIMS) 
(119) 

CEE 0.625 mg/d + MPA 2.5 mg 

7 years Espeland MA et al 
(WHIMSY) (120) 

CEE 0.625mg/d +- MPA 2.5 mg 
 

Data from included studies, with negative effect on cognition (114, 4, 115, 90, 116, 117, 118, 119, 120). 
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Pie charts from figure 2 and figure 3 represent the different content of younger and 

older patients in studies, with positive and negative effect on cognition. Figure 3 shows 

that 6 out of 9 negative studies were done on older patients (>65 years); whereas, 

figure 2 represents an even more homogenous group of positive studies, where all 

except one study were done on younger patients.  

 

 

Figure 5: Pie chart of positive studies, divided on patients' age. 5 studies with younger patient 

(<65 years), only one with older patient (>65 years) 

 

 

Figure 6: Pie chart of negative studies, divided on patients' age. 6 studies with younger patient 

(<65 years), 3 studies with older patient (>65 years) 
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Table 5: Manner of progesterone use in found studies and its connection to cognition. Cyclic 

progesterone hade neutral or positive effect on cognition while most of the studies that used 

continuousprogesterone had negative effect on cognition  

Effect on Cognition Continuous 
Progesterone Regimen 

Cyclic (sequential) 
Progesterone Regimen 

Neutral  Guvenal T et al (93) Binder EF et al (94) 
Alhola P et al (95) Alhola P et al (95) 
Davison SL et al (100) 
Espeland MA et al (WHIMS) 
(90)                    

Smith, Y. R. (101) 
Gleason C. E. (104) 

positive Berent-Spillson A et al (110) Sherwin BB et al (8) 

Linzmayer L et al (111)  

negative Espeland MA et al (WHIMS) 
(90) 

ᴓ 

Espeland MA et al (WHIMS) 
(120) 
Grady D et al (HERS) (117) 

Stephen RR et al (WHIMS) 
(118) 
Resnick SM et al (WHIMS) 
(119) 
Espeland MA et al (WHIMSY) 
(116) 
Maki PM et al (4) 

Data from included studies, which used progesterone therapy (93, 95, 100, 90, 110, 111, 120, 118, 119, 116, 4, 
94, 95, 101, 104, 8) 

 

In table 5, we can see which studies, divided by their effect on cognition, used 

continuous or cyclic progesterone treatment. As mentioned before, the literature 

suggests that the manner of progesterone use impacts gene expression in the brain 

(67). Cyclic progesterone treatment is more physiologic and beneficial for cognition 

and, contrary to the continuous treatment, increases the neuroprotective effects of 

estrogens (68,69,70). Only 3 positive studies used progesterone treatment; 2 

continuous and 1 cyclic. Out of 7 neural studies with progesterone treatment, a study 

by Alhola P (95) used 2 groups with both continuous and cyclic methods, so we can 

say that half used continuous and the other half the cyclic manner of treatment. The 

most interesting finding here is that all 7 negative studies which used progesterone 

treatment did so using the continuous manner. 
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6. Discussion 

Most of the studies we included (20/36) did not show any effect on cognition. Out of 

these 20 neutral studies, 6 were done on older patients and 3 used therapy with MPA. 

Seven used chronic, 1 acute and the other 12 subacute durations of therapy (table 2). 

Even though emerging evidence suggest that older women should not be receiving 

therapy with MPA, a study by Ellen F. Binder (94) on a smaller sample size (n=34) 

showed no negative decline in women whose mean age was 81 years. In the study, 

women received daily CEE (0.625mg/day), with a higher dose of MPA (5mg/day) 

prescribed to women without a prior hysterectomy in a cyclic manner for 13 days every 

third month. Tevfik Guvenal was studying the effects of different postmenopausal 

HRTs on cerebral blood flow and cognitive functions, and found no significant 

differences in pre- and posttreatment values in groups using placebo, unopposed CEE 

or a combination of CEE and MPA; however, the sample size was small (n=11-13 per 

group) and was done on younger patients with a mean age of 46 years (93). Studies 

which did not show any effect on cognition had generally a smaller sample size – with 

some studies using less than 10 patients and only 6 studies had group sample sizes 

larger than 40 participants. The largest study in the group (n=701) is a divided part of 

the study done by MA Espeland et al. who studied the effect of postmenopausal HRT 

in 2 age groups. Where the treatment of older women was associated with long term 

decrements in global cognitive function, working memory and executive function, 

younger women (50-54 years) had no significant long term effect on cognition (90). 

Another larger study by Gleason C. E., an ancillary cognitive and affective study of the 

Kronos early estrogen prevention study (KEEPS), examined the effect of menopausal 

HRT of longer duration (4 years) on mood and cognition in recently postmenopausal 

women. Patients were randomized into 3 groups to receive a combination of oral CEE 

(0.45mg/day) and cyclic therapy of micronized progesterone (m-P) (200mg/day), 

transdermal estradiol (50 μg/day) and cyclic therapy of oral m-P, or a placebo. The 

study found that none of the HRTs had any effect on cognition, only a small beneficial 

effect on mood was noted with the CEE therapy (104). Kantarci K. also performed the 

KEEPS ancillary study (105), which investigated the effects of hormone therapy on 

brain structure. 
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As mentioned above, there was no difference in global cognitive function across the 

groups; but, a statistically significant (p=0.01) higher rate of ventricular expansion  

was observed in the CEE group, which correlated with the rates of decreasing brain 

volume and with rates of increase in white matter hyperintensity which was observed 

with the fluid-attenuated inversion recovery (FLAIR) sequence (105). Yaffe K., Schiff 

R. and Dunkin J. studied the effect of transdermal estrogen preparations; and, none of 

the 3 studies found any benefit of HRT on cognitive functions. Schiff R. however found 

that depressive symptoms could be reduced with transdermal estradiol preparation, 

which was not only due to its known positive effect on female climacteric changes 

(106,103,102).  

Out of the 6 studies which showed evidence for positive influence on cognition, 5 of 

them were done on younger women (<65 years) and only one on older (>65 years) 

(Fig. 2). Additionally, all of them except one used acute and subacute time of therapy 

(Table 3). Studies that positively influenced cognition used therapy with unopposed 

estrogen or a combination of estrogen and micronized progesterone. In a study by 

Ryan J et al., “Characteristics of hormone therapy, cognitive function, and dementia: 

the prospective 3C Study”, the type of therapy was not specifically detailed; rather, the 

women used different types of HRTs of their choice. This is also the only study out of 

the group to show a positive influence on cognition; which was done on older 

postmenopausal women and with chronic therapy (2 and 4 year follow-up) (113). 

Based on these characteristics, it might be reasonable to exclude it and we would be 

left with an even more homogenous group of studies with a positive effect where all of 

them are done on younger women, of acute and subacute duration of therapy and used 

unopposed estrogen or estrogen with micronized progesterone (Table 3). Two studies 

from the positive group used transdermal estrogen preparations as a mode of therapy, 

which could also be the reason for decreasing side effects of HRT while still exerting 

positive effect on the brain. Estradiol is the usual estrogen compound used in 

transdermal patches. Substantially lower doses can be used since the metabolism in 

the skin is low and estradiol bypasses hepatic metabolism and extensive gut 

degradation (121).  
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Transdermal preparations are, therefore, more benign metabolically with less adverse 

effects on clotting factors, blood pressure, triglycerides and thyroid-binding globulin 

(122). Randomized studies, which compared oral and transdermal estrogen 

preparation, showed a larger increase of activated protein C with oral therapy (123). 

Increased levels of protein C are at least partly responsible for the increased risk of 

VTE and PE; and, in 2016, the IMS released recommendations to use transdermal 

preparations in women who are at risk for VTE (124). In addition to observed positive 

cognitive effects in these 5 studies, a study by Joffe H. used fMRI with blood 

oxygenation level dependent (BOLD) contrast imaging and found an increase in 

prefrontal cortex activation during verbal recall tasks, in women who were using 

estradiol transdermal patches for 12 weeks (112). It is important to note that in addition 

to the small number of studies which showed positive effect, this is also the group of 

studies which had overall the smallest sample sizes. Only the study by Ryan J. had 

therapy group sizes of over 30 participants (113). Apart from health bias, where women 

who enroll in clinical trials are on average in better health, we can also mention bias 

between age groups. Older women have decreased numbers of neuron and 

expression of estrogen receptors (18) and that could be the reason for decreased 

therapeutic effectiveness of HRT for cognition. 

On the other side of the spectrum, we have 9 studies which showed negative influence 

on cognition. Interestingly, 6 of those were done on older patients and used chronic 

duration of therapy (>1 year). It is important to point out that 5 of the 9 studies used 

the database from the same large clinical trial: Women’s Health Initiative Memory 

Studies (WHIMS) (Table 4, Fig. 3). 
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The WHIMS are an ancillary study to the Women's Health Initiative (WHI) trial. The 

WHI was designed to evaluate the benefits and risks of menopausal HRT in the 

prevention of different chronic diseases, including cardiovascular diseases and breast 

cancer in postmenopausal women. The trial enrolled 27,347 postmenopausal women 

at 40 US clinical centers. Women with an intact uterus were randomized to receive 

continuous CEE (0.625 mg/d) + MPA (2.5 mg/d) or placebo; whereas, women who had 

a hysterectomy were randomized to receive either continuous CEE alone or a placebo. 

The trial was stopped earlier than initially planned, because of increased risk of stroke 

for the CEE + MPA arm after a median of 5.6 years and in the CEE-only arm after a 

median of 7.2 years.  The average age of women who participated in WHI trial was 63 

years, which is significantly higher than the average age of menopause in the west. 

That is in contrast with most observational studies, which showed a positive effect of 

HRT used in younger patients closer to the onset of menopause. Therefore, the WHI 

was not representative of younger symptomatic women from observational studies.  

With stratification of WHI by age there was a reduction in all-cause mortality and MI in 

women aged 50 to 59 years, treated with CEE alone. For the CEE + MPA group, a risk 

of MI depended on the time since menopause. This supports the “timing hypothesis” 

which was first described in animal primate studies in 1990s (125). Following the before 

mentioned WHI sub analysis, KEEPS and ELITE clinical trials were conducted to 

evaluate the safety of menopausal HRT in early and healthy postmenopausal women; 

and found mainly a positive effect on health with HRT (126). 

The Women’s Health Initiative Memory Study (WHIMS) a WHI ancillary study was the 

first double-masked, randomized, placebo-controlled, long-term clinical trial, which was 

designed to found out if HRT reduces the incidence of all-cause dementia in women 

aged 65 and older. Women underwent annual cognitive assessments, with the 

Modified Mini-Mental State (3MS) Examination, and found an increased risk of 

dementia – especially in the group with combined CEE + MPA therapy. Another article, 

by Espeland MA et al., studied the effects on Cognitive Trajectories of Postmenopausal 

HRT in two age groups. Just as in the before mentioned studies, they found a decline 

in global cognitive function, working memory and exectutive functions when HRT was 

precribed to older women (65-79 years).   
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When, on the other hand, HRT was prescribed to women aged 50-54 years, HRT had 

no significant effects on cognitive function and on changes in cognitive function (90).  

Interestingly, 6 of the 9 studies which showed a negative cognitive effect, used 

medroxyprogesterone acetate in the therapy (Table 4). Medroxyprogesterone acetate 

is a synthetic progesterone, related in chemical structure to progesterone. It differs 

mainly in that it has a methyl group and acetate group at its 6 th and 17th carbons, 

respectively. This chemical difference increases its oral bioavailability and results in 

higher progestational activity. Progesterone is an important steroid for the brain, due 

to its neuroprotective effect when used to treat traumatic brain injury. Studies on animal 

models showed that, in contrast to natural progesterone, MPA does not share the same 

neuroprotective effect. Studies in rat hippocampal cells found that MPA actually 

antagonizes the neuroprotective effect of estradiol (40,47). Jodhka et al. found that, in 

contrast to progesterone, which induces neuroprotective brain-derived neurotrophic 

factor (BDNF) in the explants of the cerebral cortex, MPA did not have the same effect 

and does not protect against glutamate toxicity (127).  
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Irwin et al. studied the effect of post-ovariectomy restoration of mitochondrial function 

by estradiol and progesterone. Again, MPA was found to have an antagonizing effect 

on estradiol (128). In addition to direct its negative influence on the brain, the 

negative effect could also be secondary; with studies on primates showing that MPA 

negates the positive effect estradiol has on vascular function (129). The clinical 

significance of the before mentioned animal studies need to be investigated; but they 

are supporting the same negative effect pattern on cognition as in the groups treated 

with MPA in our review.  

Regarding the manner of progesterone treatment, all of our included studies, which 

used progesterone treatment and showed negative influence on cognition, used 

continuous daily administration of progesterone. Only 3 studies, which showed a 

positive effect, used progesterone treatment. Out of these, 2 used continuous and 1 

used cyclic progesterone therapy. Eight neutral studies also used combined therapy 

with progesterone. Four used continuous and 3 used cyclic progesterone therapy 

(Table 5). The 8th study, by Alhola P et al., used both types (130). In premenopausal 

women, the HRT was estradiol and cyclic norethisterone for 12 days and in 

postmenopausal the therapy was continuous for both estradiol and norethisterone 

(95). From the before mentioned literature which suggests that cyclic progesterone 

treatment mimics the physiologic female hormone pattern better is neuroprotective, 

induces expression of different genes in the brain and is able to decrease beta-

amyloid levels, we can say that our results, where all negative studies used 

continuous of progesterone treatment, could be also, at least partially, explained with 

the manner of therapy (Table 5). 
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7. Conclusion 

The great majority of studies included in our research showed that HRT had no effect 

on cognition (Table 2). We found some evidence of positive effect with the use of 

unopposed estrogen and combination of estrogen with natural micronized 

progesterone in younger women (<65 years); where the duration of therapy was of the 

acute and subacute type (mostly less than 3 months) (Table 3, Fig. 2). There is 

evidence of negative effect with the use of conjugated equine 

estrogen/medroxyprogesterone acetate in older postmenopausal women and a 

continuous manner of progesterone therapy (Table 4, Table 5, Fig. 3). Our study shows 

that physicians should not be afraid to prescribe HRT to younger symptomatic patients; 

however, further studies focusing research on the effect of natural progesterone and 

estrogen in younger postmenopausal women should be done. 

 

 

 

 

 

 

  



35 
 

8. References: 

1.  Gold EB. The Timing of the Age at Which Natural Menopause Occurs. Obstet 
Gynecol Clin North Am. 2011;38(3):425–40.  

2.  Buckler H. The menopause transition: endocrine changes and clinical 

symptoms. Vol. 11, Journal of the British Menopause Society. 2005. p. 61–5. 

3.  Woods NF, Mitchell ES. Symptoms during the perimenopause: Prevalence, 
severity, trajectory, and significance in women’s lives. In: American Journal of 
Medicine. 2005. p. 14–24.  

4.  Maki PM, Henderson VW. Cognition and the menopause transition. 

Menopause. 2016;23(7):803–5.  

5.  Gambacciani M, Levancini M. Hormone replacement therapy: who should be 

treated? Minerva Ginecol. 2015;67(3):249–55.  

6.  Hale GE, Shufelt CL. Hormone therapy in menopause: An update on 
cardiovascular disease considerations. Vol. 25, Trends in Cardiovascular 

Medicine. 2015. p. 540–9.  

7.  Sellers KJ, Erli F, Raval P, Watson IA, Chen D, Srivastava DP. Rapid 
modulation of synaptogenesis and spinogenesis by 17Î2-estradiol in primary 
cortical neurons. Front Cell Neurosci [Internet]. 2015;9. Available from: 
http://journal.frontiersin.org/article/10.3389/fncel.2015.00137/abstract 

8.  Sherwin BB, Gibbs B, Luine V, Masakowski Y. Estrogenic effects on memory in 
women. In: Annals of the New York Academy of Sciences. 1994. p. 213–31.  

9.  Andersen K, Launer LJ, Dewey ME, Letenneur L, Ott A, Copeland JR, et al. 
Gender differences in the incidence of AD and vascular dementia: The 
EURODEM Studies. EURODEM Incidence Research Group. Neurology 

[Internet]. 1999;53(9):1992–7.  

10.  Nilsen J, Chen S, Irwin RW, Iwamoto SJ, Brinton RD. Estrogen protects 
neuronal cells from amyloid beta-induced apoptosis via regulation of 

mitochondrial proteins and function. BMC Neurosci. 2006;7.  

11.  Pike CJ, Carroll JC, Rosario ER, Barron AM. Protective actions of sex steroid 
hormones in Alzheimer’s disease. Vol. 30, Frontiers in Neuroendocrinology. 
2009. p. 239–58.  

12.  Osmanovic-Barilar J, Salkovic-Petrisi M. Evaluating the Role of Hormone 
Therapy in Postmenopausal Women with Alzheimer’s Disease. Vol. 33, Drugs 
and Aging. 2016. p. 787–808.  

13.  Hogervorst E, Bandelow S. Sex steroids to maintain cognitive function in 
women after the menopause: A meta-analyses of treatment trials. Vol. 66, 
Maturitas. 2010. p. 56–71.  

14.  Foster TC. Interaction of rapid signal transduction cascades and gene 
expression in mediating estrogen effects on memory over the life span. Front 

Neuroendocrinol. 2005;26(2):51–64.  

15.  Almey A, Milner TA, Brake WG. Estrogen receptors in the central nervous 



36 
 

system and their implication for dopamine-dependent cognition in females. 

[Internet]. Vol. 74, Hormones and behavior. 2015. p. 125–38.  

16.  Boulware MI, Heisler JD, Frick KM. The Memory-Enhancing Effects of 
Hippocampal Estrogen Receptor Activation Involve Metabotropic Glutamate 

Receptor Signaling. J Neurosci. 2013;33(38):15184–94.  

17.  Gingerich S, Kim GL, Chalmers JA, Koletar MM, Wang X, Wang Y, et al. 
Estrogen receptor alpha and G-protein coupled receptor 30 mediate the 
neuroprotective effects of 17β-estradiol in novel murine hippocampal cell 

models. Neuroscience. 2010;170(1):54–66.  

18.  Bean LA, Ianov L, Foster TC. Estrogen receptors, the hippocampus, and 
memory. Vol. 20, Neuroscientist. 2014. p. 534–45.  

19.  Clark S, Rainville J, Zhao X, Katzenellenbogen BS, Pfaff D, Vasudevan N. 
Estrogen receptor-mediated transcription involves the activation of multiple 
kinase pathways in neuroblastoma cells. J Steroid Biochem Mol Biol. 
2014;139:45–53.  

20.  Barkhem T, Carlsson B, Nilsson Y, Enmark E, Gustafsson J-Å, Nilsson S. 
Differential Response of Estrogen Receptor α and Estrogen Receptor β to 
Partial Estrogen Agonists/Antagonists. Mol Pharmacol [Internet]. 
1998;54(1):105–12. Available from: 
http://molpharm.aspetjournals.org/lookup/doi/10.1124/mol.54.1.105 

21.  Pettersson K, Delaunay F, Gustafsson JA. Estrogen receptor β acts as a 

dominant regulator of estrogen signaling. Oncogene. 2000;19(43):4970–8.  

22.  Hall JM, McDonnel DP. The estrogen receptor β-isoform (ERβ) of the human 
estrogen receptor modulates ERα transcriptional activity and is a key regulator 
of the cellular response to estrogens and antiestrogens. Endocrinology. 

1999;140(12):5566–78.  

23.  Walf AA, Frye CA. Rapid and estrogen receptor beta mediated actions in the 
hippocampus mediate some functional effects of estrogen. Steroids. 

2008;73(9–10):997–1007.  

24.  Szymczak S, Kalita K, Jaworski J, Mioduszewska B, Savonenko A, Markowska 
A, et al. Increased estrogen receptor β expression correlates with decreased 

spine formation in the rat hippocampus. Hippocampus. 2006;16(5):453–63.  

25.  Fugger HN, Foster TC, Gustafsson JÅ, Rissman EF. Novel effects of estradiol 
and estrogen receptor α and β on cognitive function. Brain Res. 
2000;883(2):258–64.  

26.  Gibbs RB, Wu D, Hersh LB, Pfaff DW. Effects of Estrogen Replacement on the 
Relative Levels of Choline Acetyltransferase, trkA, and Nerve Growth Factor 
Messenger RNAs in the Basal Forebrain and Hippocampal Formation of Adult 

Rats. Exp Neurol. 1994;129(1):70–80.  

27.  Gazzaley AH, Weiland NG, McEwen BS, Morrison JH. Differential Regulation 
of NMDAR1 mRNA and Protein by Estradiol in the Rat Hippocampus. J 

Neurosci. 2018;16(21):6830–8.  

28.  Sohrabji F, Miranda RC, Toran-Allerand CD. Estrogen differentially regulates 



37 
 

estrogen and nerve growth factor receptor mrnas in adult sensory neurons. 

Obstet Gynecol Surv. 1994;49(7):495–7.  

29.  Xia Y, Xing JZ, Krukoff TL. Neuroprotective effects of R,R-tetrahydrochrysene 
against glutamate-induced cell death through anti-excitotoxic and antioxidant 
actions involving estrogen receptor-dependent and -independent pathways. 
Neuroscience. 2009;162(2):292–306 

30.  Talantova M, Sanz-Blasco S, Zhang X, Xia P, Akhtar MW, Okamoto S -i., et al. 
A  induces astrocytic glutamate release, extrasynaptic NMDA receptor 
activation, and synaptic loss. Proc Natl Acad Sci [Internet]. 
2013;110(27):E2518–27. 

31.  Lan YL, Zhao J, Li S. Update on the neuroprotective effect of estrogen receptor 
alpha against Alzheimer’s disease. Vol. 43, Journal of Alzheimer’s Disease. 
2014. p. 1137–48.  

32.  Li S, Jin M, Koeglsperger T, Shepardson NE, Shankar GM, Selkoe DJ. Soluble 
A  Oligomers Inhibit Long-Term Potentiation through a Mechanism Involving 
Excessive Activation of Extrasynaptic NR2B-Containing NMDA Receptors. J 
Neurosci [Internet]. 2011;31(18):6627–38. Available from: 

http://www.jneurosci.org/cgi/doi/10.1523/JNEUROSCI.0203-11.2011 

33.  Jayaraman A, Carroll JC, Morgan TE, Lin S, Zhao L, Arimoto JM, et al. 17β-
Estradiol and progesterone regulate expression of β-amyloid clearance factors 
in primary neuron cultures and female rat brain. Endocrinology. 
2012;153(11):5467–79.  

34.  Guerra-Araiza C, Reyna-Neyra A, Salazar AM, Cerbón MA, Morimoto S, 
Camacho-Arroyo I. Progesterone receptor isoforms expression in the 
prepuberal and adult male rat brain. Brain Res Bull. 2001;54(1):13–7.  

35.  Guerra-Araiza C, Coyoy-Salgado A, Camacho-Arroyo I. Sex differences in the 
regulation of progesterone receptor isoforms expression in the rat brain. Brain 

Res Bull. 2002;59(2):105–9.  

36.  Conneely OM, Maxwell BL, Toft DO, Schrader WT, O’Malley BW. The A and B 
forms of the chicken progesterone receptor arise by alternate initiation of 
translation of a unique mRNA. Biochem Biophys Res Commun. 
1987;149(2):493–501.  

37.  Hirata S, Shoda T, Kato J, Hoshi K. Isoform/variant mRNAs for sex steroid 
hormone receptors in humans. Vol. 14, Trends in Endocrinology and 
Metabolism. 2003. p. 124–9. 

38.  Brinton RD, Thompson RF, Foy MR, Baudry M, Wang JM, Finch CE, et al. 
Progesterone receptors: Form and function in brain. Vol. 29, Frontiers in 

Neuroendocrinology. 2008. p. 313–39.  

39.  Lange CA, Richer JK, Shen T, Horwitz KB. Convergence of progesterone and 
epidermal growth factor signaling in breast cancer. Potentiation of mitogen-
activated protein kinase pathways. J Biol Chem [Internet]. 1998 Nov 20 [cited 
2019 Apr 28];273(47):31308–16. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/9813039 



38 
 

40.  Nilsen J. Impact of Progestins on Estrogen-Induced Neuroprotection: Synergy 
by Progesterone and 19-Norprogesterone and Antagonism by 
Medroxyprogesterone Acetate. Endocrinology. 2004;143(1):205–12.  

41.  Zhu Y, Bond J, Thomas P. Identification, classification, and partial 
characterization of genes in humans and other vertebrates homologous to a 
fish membrane progestin receptor. Proc Natl Acad Sci U S A [Internet]. 2003 
Mar 4 [cited 2019 Apr 28];100(5):2237–42. Available from: 
http://www.pnas.org/cgi/doi/10.1073/pnas.0436133100 

42.  Zhu Y, Rice CD, Pang Y, Pace M, Thomas P. Cloning, expression, and 
characterization of a membrane progestin receptor and evidence it is an 
intermediary in meiotic maturation of fish oocytes. Proc Natl Acad Sci U S A 
[Internet]. 2003 Mar 4 [cited 2019 Apr 28];100(5):2231–6. Available from: 

http://www.pnas.org/cgi/doi/10.1073/pnas.0336132100 

43.  Krebs CJ, Jarvis ED, Chan J, Lydon JP, Ogawa S, Pfaff DW. A membrane-
associated progesterone-binding protein, 25-Dx, is regulated by progesterone 
in brain regions involved in female reproductive behaviors. Proc Natl Acad Sci. 
2002;97(23):12816–21.  

44.  Peluso JJ. Multiplicity of Progesterone’s Actions and Receptors in the 
Mammalian Ovary1. Biol Reprod. 2006;75(1):2–8.  

45.  Thomas P, Pang Y, Dong J, Groenen P, Kelder J, De Vlieg J, et al. Steroid and 
G protein binding characteristics of the seatrout and human progestin 
membrane receptor α subtypes and their evolutionary origins. Endocrinology. 

2007;148(2):705–18.  

46.  Singer CA, Figueroa-Masot XA, Batchelor RH, Dorsa DM. The Mitogen-
Activated Protein Kinase Pathway Mediates Estrogen Neuroprotection after 
Glutamate Toxicity in Primary Cortical Neurons. J Neurosci. 2018;19(7):2455–
63.  

47.  Nilsen J, Brinton RD. Divergent impact of progesterone and 
medroxyprogesterone acetate (Provera) on nuclear mitogen-activated protein 

kinase signaling. Proc Natl Acad Sci. 2003;100(18):10506–11.  

48.  Finkbeiner S. CREB couples neurotrophin signals to survival messages. Vol. 
25, Neuron. 2000. p. 11–4.  

49.  Freeland K, Boxer LM, Latchman DS. The cyclic AMP response element in the 
Bcl-2 promoter confers inducibility by hypoxia in neuronal cells. Mol Brain Res. 
2001;92(1–2):98–106.  

50.  Singh M. Ovarian hormones elicit phosphorylation of Akt and extracellular-
signal regulated kinase in explants of the cerebral cortex. Endocrine. 

2001;14(3):407–15.  

51.  Pettus EH, Wright DW, Stein DG, Hoffman SW. Progesterone treatment 
inhibits the inflammatory agents that accompany traumatic brain injury. Brain 

Res. 2005;1049(1):112–9.  

52.  Simpkins JW, Yi KD, Yang SH, Dykens JA. Mitochondrial mechanisms of 
estrogen neuroprotection. Vol. 1800, Biochimica et Biophysica Acta - General 



39 
 

Subjects. 2010. p. 1113–20.  

53.  Robertson CL, Puskar A, Hoffman GE, Murphy AZ, Saraswati M, Fiskum G. 
Physiologic progesterone reduces mitochondrial dysfunction and hippocampal 
cell loss after traumatic brain injury in female rats. Exp Neurol. 

2006;197(1):235–43.  

54.  Roof RL, Hoffman SW, Stein DG. Progesterone protects against lipid 
peroxidation following traumatic brain injury in rats. Mol Chem Neuropathol. 
1997;31(1):1–11.  

55.  Grossman KJ, Goss CW, Stein DG. Effects of progesterone on the 
inflammatory response to brain injury in the rat. Brain Res. 2004;1008(1):29–
39.  

56.  Koenig HL, Schumacher M, Ferzaz B, Thi AN, Ressouches A, Guennoun R, et 
al. Progesterone synthesis and myelin formation by schwann cells. Obstet 

Gynecol Surv. 1995;50(11):792–3.  

57.  Bell-Horner CL, Dohi A, Nguyen Q, Dillon GH, Singh M. ERK/MAPK pathway 
regulates GABAA receptors. J Neurobiol [Internet]. 2006 Nov [cited 2019 Apr 

28];66(13):1467–74. Available from: http://doi.wiley.com/10.1002/neu.20327 

58.  Beyenburg S, Stoffel-Wagner B, Bauer J, Watzka M, Blümcke I, Bidlingmaier F, 
et al. Neuroactive steroids and seizure susceptibility. Epilepsy Res. 2001;44(2–

3):141–53.  

59.  Frye CA, Scalise TJ. Anti-seizure effects of progesterone and 3α,5α-THP in 
kainic acid and perforant pathway models of epilepsy. 
Psychoneuroendocrinology. 2000;25(4):407–20.  

60.  Galli R, Luisi M, Pizzanelli C, Monteleone P, Casarosa E, Iudice A, et al. 
Circulating levels of allopregnanolone, an anticonvulsant metabolite of 
progesterone, in women with partial epilepsy in the postcritical phase. 

Epilepsia. 2001;42(2):216–9.  

61.  Smith SS, Waterhouse BD, Chapin JK, Woodward DJ. Progesterone alters 
GABA and glutamate responsiveness: a possible mechanism for its anxiolytic 

action. Brain Res. 1987;400(2):353–9.  

62.  Yokomaku D, Numakawa T, Numakawa Y, Suzuki S, Matsumoto T, Adachi N, 
et al. Estrogen Enhances Depolarization-Induced Glutamate Release through 
Activation of Phosphatidylinositol 3-Kinase and Mitogen-Activated Protein 

Kinase in Cultured Hippocampal Neurons. Mol Endocrinol. 2003;17(5):831–44.  

63.  Woolley CS, McEwen BS. Roles of estradiol and progesterone in regulation of 
hippocampal dendritic spine density during the estrous cycle in the rat. J Comp 

Neurol. 1993;336(2):293–306.  

64.  Bimonte-Nelson HA, Nelson ME, Granholm ACE. Progesterone counteracts 
estrogen-induced increases in neurotrophins in the aged female rat brain. 

Neuroreport. 2004;15(17):2659–63.  

65.  Bimonte-Nelson HA, Francis KR, Umphlet CD, Granholm AC. Progesterone 
reverses the spatial memory enhancements initiated by tonic and cyclic 
oestrogen therapy in middle-aged ovariectomized female rats. Eur J Neurosci. 



40 
 

2006;24(1):229–42.  

66.  Hormone replacement therapy (HRT) - Types - NHS [Internet]. [cited 2019 May 
4]. Available from: https://www.nhs.uk/conditions/hormone-replacement-
therapy-hrt/types/ 

67.  Zhao L, Morgan TE, Mao Z, Lin S, Cadenas E, Finch CE, et al. Continuous 
versus cyclic progesterone exposure differentially regulates hippocampal gene 

expression and functional profiles. PLoS One. 2012;7(2).  

68.  Carroll JC, Rosario ER, Villamagna A, Pike CJ. Continuous and cyclic 
progesterone differentially interact with estradiol in the regulation of Alzheimer-
like pathology in female 3xtransgenic-Alzheimer’s disease mice. 
Endocrinology. 2010;151(6):2713–22.  

69.  Carroll JC, Rosario ER, Chang L, Stanczyk FZ, Oddo S, LaFerla FM, et al. 
Progesterone and Estrogen Regulate Alzheimer-Like Neuropathology in 
Female 3xTg-AD Mice. J Neurosci [Internet]. 2007;27(48):13357–65. Available 
from: http://www.jneurosci.org/cgi/doi/10.1523/JNEUROSCI.2718-07.2007 

70.  Barron AM, Brown MA, Morgan TE, Pike CJ. Impact of continuous versus 
discontinuous progesterone on estradiol regulation of neuron viability and 
sprouting after entorhinal cortex lesion in female rats. Endocrinology. 

2015;156(3):1091–9.  

71.  Henderson BE, Paganini Hill A, Ross RK. Decreased Mortality in Users of 
Estrogen Replacement Therapy. Arch Intern Med. 1991;151(1):75–8.  

72.  Grady D, Rubin SM, Petitti DB, Fox CS, Black D, Ettinger B, et al. Hormone 
therapy to prevent disease and prolong life in postmenopausal women. Vol. 

117, Annals of Internal Medicine. 1992. p. 1016–37.  

73.  T.B. C. The new conundrum: Do estrogens have any cardiovascular benefits? 
Int J Fertil Womens Med [Internet]. 2002;47(2):61–8. Available from: 
http://www.embase.com/search/results?subaction=viewrecord&from=export&id
=L34309540%5Cnhttp://rug.on.worldcat.org/atoztitles/link/?sid=EMBASE&issn
=1534892X&id=doi:&atitle=The+new+conundrum%3A+Do+estrogens+have+a
ny+cardiovascular+benefits%3F&stitle=Int.+J.+ 

74.  Lobo RA. Hormone-replacement therapy: Current thinking. Vol. 13, Nature 

Reviews Endocrinology. 2017. p. 220–31.  

75.  Clarkson TB, Anthony MS, Morgan TM. Inhibition of postmenopausal 
atherosclerosis progression: A comparison of the effects of conjugated equine 
estrogens and soy phytoestrogens. J Clin Endocrinol Metab. 2001;86(1):41–7.  

76.  Hodis HN, Mack WJ, Henderson VW, Shoupe D, Budoff MJ, Hwang-Levine J, 
et al. Vascular Effects of Early versus Late Postmenopausal Treatment with 
Estradiol. N Engl J Med [Internet]. 2016;374(13):1221–31. Available from: 

http://www.nejm.org/doi/10.1056/NEJMoa1505241 

77.  Germán D Carrasquilla, Chiara Chiavenna. The association between 
menopausal hormone therapy and coronary heart disease depends on timing 
of initiation in relation to menopause onset. Results based on pooled individual 
participant data from The Combined Cohorts of Menopausal Women - Studies 



41 
 

of Re. North Am Menopause Soc [Internet]. 2015 [cited 2019 Apr 28];(Annual 
Meeting 2015). Available from: 
https://www.researchgate.net/publication/305986308_The_association_betwee
n_menopausal_hormone_therapy_and_coronary_heart_disease_depends_on_
timing_of_initiation_in_relation_to_menopause_onset_Results_based_on_pool

ed_individual_participant_data_from_Th 

78.  Pereira RI, Casey BA, Swibas TA, Erickson CB, Wolfe P, Van Pelt RE. Timing 
of estradiol treatment after menopause may determine benefit or harm to 

insulin action. J Clin Endocrinol Metab. 2015;100(12):4456–62.  

79.  Zhang Q -g., Han D, Wang R -m., Dong Y, Yang F, Vadlamudi RK, et al. C 
terminus of Hsc70-interacting protein (CHIP)-mediated degradation of 
hippocampal estrogen receptor-  and the critical period hypothesis of estrogen 
neuroprotection. Proc Natl Acad Sci [Internet]. 2011 Aug 30 [cited 2019 Apr 
28];108(35):E617–24. Available from: 

http://www.pnas.org/cgi/doi/10.1073/pnas.1104391108 

80.  Rao YS, Mott NN, Wang Y, Chung WCJ, Pak TR. MicroRNAs in the aging 
female brain: A putative mechanism for age-specific estrogen effects. 

Endocrinology. 2013;154(8):2795–806.  

81.  Whitmer RA, Quesenberry CP, Zhou J, Yaffe K. Timing of hormone therapy 
and dementia: the critical window theory revisited. Ann Neurol [Internet]. 
2011;69(1):163–9. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/21280086%0Ahttp://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=PMC3058824 

82.  Pinkerton JA V., Aguirre FS, Blake J, Cosman F, Hodis H, Hoffstetter S, et al. 
The 2017 hormone therapy position statement of the North American 
Menopause Society. Vol. 24, Menopause. 2017. p. 728–53.  

83.  Pharmacokinetics of HRT according to the compound and route of 
administration [Internet]. [cited 2019 May 10]. Available from: 
http://www.ipubli.inserm.fr/bitstream/handle/10608/185/?sequence=21 

84.  Rigg LA, Milanes B, Villanueva B, Yen SSC. Efficacy of intravaginal and 
intranasal administration of micronized estradiol-17β. J Clin Endocrinol Metab. 

1977;45(6):1261–4.  

85.  Chetkowski RJ, Meldrum DR, Steingold KA, Randle D, Lu JK, Eggena P, et al. 
Biologic Effects of Transdermal Estradiol. Obstet Gynecol Surv [Internet]. 2006 
Jun 19 [cited 2019 May 10];41(11):710–1. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/3012339 

86.  Balfour JA, Heel RC. Transdermal Estradiol: A Review of its Pharmacodynamic 
and Pharmacokinetic Properties, and Therapeutic Efficacy in the Treatment of 
Menopausal Complaints. Drugs. 1990;40(4):561–82.  

87.  Mandel FP, Geola FL, Meldrum DR, Lu JHK, Eggena P, Sambhi MP, et al. 
Biological effects of various doses of vaginally administered conjugated equine 
estrogens in postmenopausal women. J Clin Endocrinol Metab. 
1983;57(1):133–9.  

88.  Goebelsmann U, Mashchak CA, Mishell DR. Comparison of hepatic impact of 



42 
 

oral and vaginal administration of ethinyl estradiol. Am J Obstet Gynecol. 

1985;151(7):868–77.  

89.  Simon JA. Micronized progesterone: Vaginal and oral uses. Vol. 38, Clinical 
Obstetrics and Gynecology. 1995. p. 902–14.  

90.  Espeland MA, Rapp SR, Manson JAE, Goveas JS, Shumaker SA, Hayden KM, 
et al. Long-term Effects on Cognitive Trajectories of Postmenopausal Hormone 
Therapy in Two Age Groups. J Gerontol A Biol Sci Med Sci. 2017;72(6):838–
45.  

91.  Kocoska-Maras L, Zethraeus N, Rdestad AF, Ellingsen T, Von Schoultz B, 
Johannesson M, et al. A randomized trial of the effect of testosterone and 
estrogen on verbal fluency, verbal memory, and spatial ability in healthy 

postmenopausal women. Fertil Steril. 2011;95(1):152–7.  

92.  Gorenstein C, Rennó J, Vieira Filho AHG, Gianfaldoni A, Gonçalves MA, Halbe 
HW, et al. Estrogen replacement therapy and cognitive functions in healthy 
postmenopausal women: A randomized trial. Arch Womens Ment Health. 

2011;14(5):367–73.  

93.  Guvenal T, Durna A, Erden O, Guvenal F, Cetin M, Cetin A. Effects of different 
postmenopausal hormone therapy regimens on cerebral blood flow and 

cognitive functions. Adv Ther. 2009;26(8):805–11.  

94.  Binder EF, Schechtman KB, Birge SJ, Williams DB, Kohrt WM. Effects of 
hormone replacement therapy on cognitive performance in elderly women. 

Maturitas. 2001;38(2):137–46.  

95.  Alhola P, Tuomisto H, Saarinen R, Portin R, Kalleinen N, Polo-Kantola P. 
Estrogen + progestin therapy and cognition: A randomized placebo-
controlled double-blind study. J Obstet Gynaecol Res [Internet]. 2010 Jul 15 
[cited 2019 Apr 28];36(4):796–802. Available from: 
http://doi.wiley.com/10.1111/j.1447-0756.2010.01214.x 

96.  LeBlanc ES, Neiss MB, Carello PE, Samuels MH, Janowsky JS. Hot flashes 
and estrogen therapy do not influence cognition in early menopausal women. 
Menopause. 2007;14(2):191–202.  

97.  Polo-Kantola P, Erkkola R, Irjala K, Polo O. The effect of short-term estrogen 
replacement therapy on sleep -a randomized placebo-controlled double-blind 
cross-over trial in postmenopausal women. Int J Gynecol Obstet [Internet]. 
2003 Mar [cited 2019 May 20];70(3):C54–5. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/9491878 

98.  Alhola P, Polo-Kantola P, Erkkola R, Portin R. Estrogen therapy and cognition: 
A 6-year single-blind follow-up study in postmenopausal women. Neurology. 

2006;67(4):706–9.  

99.  Almeida VMA, Gonçalves VSP, Martins MF, Haddad JPA, Dias RA, Leite RC, 
et al. Anemia infecciosa eqüina: Prevalência em eqüídeos de serviço em Minas 

Gerais. Arq Bras Med Vet e Zootec. 2006;58(2):141–8.  

100.  Davison SL, Bell RJ, Robinson PJ, Jane F, Leech J, Maruff P, et al. 
Continuous-combined oral estradiol/drospirenone has no detrimental effect on 



43 
 

cognitive performance and improves estrogen deficiency symptoms in early 
postmenopausal women: A randomized placebo-controlled trial. Menopause. 
2013;20(10):1020–6.  

101.  Smith YR, Love T, Persad CC, Tkaczyk A, Nichols TE, Zubieta JK. Impact of 
combined estradiol and norethindrone therapy on visuospatial working memory 
assessed by functional magnetic resonance imaging. J Clin Endocrinol Metab. 

2006;91(11):4476–81.  

102.  Dunkin J, Rasgon N, Wagner-Steh K, David S, Altshuler L, Rapkin A. 
Reproductive events modify the effects of estrogen replacement therapy on 
cognition in healthy postmenopausal women. Psychoneuroendocrinology. 

2005;30(3):284–96.  

103.  Schiff R, Bulpitt CJ, Wesnes KA, Rajkumar C. Short-term transdermal estradiol 
therapy, cognition and depressive symptoms in healthy older women. A 
randomised placebo controlled pilot cross-over study. 
Psychoneuroendocrinology. 2005;30(4):309–15.  

104.  Gleason CE, Dowling NM, Wharton W, Manson JAE, Miller VM, Atwood CS, et 
al. Effects of Hormone Therapy on Cognition and Mood in Recently 
Postmenopausal Women: Findings from the Randomized, Controlled KEEPS–
Cognitive and Affective Study. PLoS Med. 2015;12(6).  

105.  Kantarci K, Tosakulwong N, Lesnick TG, Zuk SM, Gunter JL, Gleason CE, et 
al. Effects of hormone therapy on brain structure. Neurology. 2016;87(9):887–
96.  

106.  Yaffe K, Vittinghoff E, Ensrud KE, Johnson KC, Diem S, Hanes V, et al. Effects 
of ultra-low-dose transdermal estradiol on cognition and health-related quality 
of life. Arch Neurol. 2006;63(7):945–50.  

107.  Pefanco MA, Kenny AM, Kaplan RF, Kuchel G, Walsh S, Kleppinger A, et al. 
The effect of 3-year treatment with 0.25 mg/day of micronized 17β-estradiol on 
cognitive function in older postmenopausal women. J Am Geriatr Soc. 
2007;55(3):426–31.  

108.  Henderson VW, St John JA, Hodis HN, McCleary CA, Stanczyk FZ, Shoupe D, 
et al. Cognitive effects of estradiol after menopause. Neurology. 
2016;87(7):699–708.  

109.  Krug R, Born J, Rasch B. A 3-day estrogen treatment improves prefrontal 
cortex-dependent cognitive function in postmenopausal women. 
Psychoneuroendocrinology. 2006;31(8):965–75.  

110.  Berent-Spillson A, Briceno E, Pinsky A, Simmen A, Persad CC, Zubieta JK, et 
al. Distinct cognitive effects of estrogen and progesterone in menopausal 

women. Psychoneuroendocrinology. 2015;59:25–36.  

111.  Linzmayer L, Semlitsch H, Saletu B, Böck G, Saletu-Zyhlarz G, Zoghlami A, et 
al. Double-blind, Placebo-controlled Psychometric Studies on the Effects of a 
Combined Estrogen-progestin Regimen versus Estrogen Alone on 
Performance, Mood and Personality of Menopausal Syndrome Patients. 

Arzneimittelforschung. 2012;51(03):238–45.  



44 
 

112.  Joffe H, Hall JE, Gruber S, Sarmiento IA, Cohen LS, Yurgelun-Todd D, et al. 
Estrogen therapy selectively enhances prefrontal cognitive processes: A 
randomized, double-blind, placebo-controlled study with functional magnetic 
resonance imaging in perimenopausal and recently postmenopausal women. 
Menopause. 2006;13(3):411–22.  

113.  Ryan J, Carrière I, Scali J, Dartigues JF, Tzourio C, Poncet M, et al. 
Characteristics of hormone therapy, cognitive function, and dementia: The 
prospective 3C study. Neurology. 2009;73(21):1729–37.  

114.  Kocoska-Maras L, Rådestad AF, Carlström K, Bäckström T, Von Schoultz B, 
Hirschberg AL. Cognitive function in association with sex hormones in 

postmenopausal women. Gynecol Endocrinol. 2013;29(1):59–62.  

115.  Newhouse PA, Dumas J, Wilkins H, Coderre E, Sites CK, Naylor M, et al. 
Estrogen treatment impairs cognitive performance after psychosocial stress 
and monoamine depletion in postmenopausal women. Menopause. 
2010;17(4):860–73.  

116.  Espeland MA, Brunner RL, Hogan PE, Rapp SR, Coker LH, Legault C, et al. 
Long-term effects of conjugated equine estrogen therapies on domain-specific 
cognitive function: Results from the women’s health initiative study of cognitive 
aging extension. J Am Geriatr Soc. 2010;58(7):1263–71.  

117.  Grady D, Yaffe K, Kristof M, Lin F, Richards C, Barrett-Connor E. Effect of 
postmenopausal hormone therapy on cognitive function: The Heart and 
Estrogen/progestin Replacement Study. Am J Med. 2002;113(7):543–8.  

118.  Rapp SR, Espeland MA, Shumaker SA, Henderson VW, Brunner RL, Manson 
JAE, et al. Effect of Estrogen Plus Progestin on Global Cognitive Function in 
Postmenopausal Women - The Women’s Health Initiative Memory Study: A 

Randomized Controlled Trial. J Am Med Assoc. 2003;289(20):2663–72.  

119.  Resnick SM, Maki PM, Rapp SR, Espeland MA, Brunner R, Coker LH, et al. 
Effects of combination estrogen plus progestin hormone treatment on cognition 
and affect. J Clin Endocrinol Metab. 2006;91(5):1802–10.  

120.  Espeland MA, Shumaker SA, Leng I, Manson JE, Brown CM, LeBlanc ES, et 
al. Long-term effects on cognitive function of postmenopausal hormone therapy 
prescribed to women aged 50 to 55 years. JAMA Intern Med. 

2013;173(15):1429–36.  

121.  Goodman MP. Are All Estrogens Created Equal? A Review of Oral vs. 
Transdermal Therapy. J Women’s Heal. 2011;21(2):161–9.  

122.  Stuenkel CA. Menopausal Hormone Therapy: Current Considerations. Vol. 44, 
Endocrinology and Metabolism Clinics of North America. 2015. p. 565–85.  

123.  Post MS, Christella M, Thomassen LGD, van der Mooren MJ, van Baal WM, 
Rosing J, et al. Effect of Oral and Transdermal Estrogen Replacement Therapy 
on Hemostatic Variables Associated With Venous Thrombosis. Arterioscler 

Thromb Vasc Biol. 2003;23(6):1116–21.  

 

 



45 
 

124.  Baber RJ, Panay N, Fenton A. 2016 IMS Recommendations on womens 
midlife health and menopause hormone therapy. Climacteric. 2016;19(2):109–
50.  

125.  Clarkson TB, Prichard RW, Morgan TM, Petrick GS, Klein KP. Remodeling of 
Coronary Arteries in Human and Nonhuman Primates. JAMA J Am Med Assoc. 
1994;271(4):289–94.  

126.  Chester RC, Kling JM, Manson JAE. What the Women’s Health Initiative has 
taught us about menopausal hormone therapy. Vol. 41, Clinical Cardiology. 

2018. p. 247–52.  

127.  Jodhka PK, Kaur P, Underwood W, Lydon JP, Singh M. The differences in 
neuroprotective efficacy of progesterone and medroxyprogesterone acetate 
correlate with their effects on brain-derived neurotrophic factor expression. 
Endocrinology. 2009;150(7):3162–8.  

128.  Irwin RW, Yao J, Hamilton RT, Cadenas E, Brinton RD, Nilsen J. Progesterone 
and estrogen regulate oxidative metabolism in brain mitochondria. 

Endocrinology. 2008;149(6):3167–75.  

129.  Williams JK, Honoré EK, Washburn SA, Clarkson TB. Effects of hormone 
replacement therapy on reactivity of atherosclerotic coronary arteries in 

cynomolgus monkeys. J Am Coll Cardiol. 1994;24(7):1757–61.  

130.  Alhola P, Tuomisto H, Saarinen R, Portin R, Kalleinen N, Polo-Kantola P. 
Estrogen + progestin therapy and cognition: A randomized placebo-controlled 
double-blind study. J Obstet Gynaecol Res [Internet]. 2010 Jul 15 [cited 2019 
Apr 28];36(4):796–802. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20666948 

 

 

 

  



46 
 

9. Biography 

I was born in Kranj, Slovenia on 18th of June 1993. My father Brane Kovačič is an 

economist and my mother Klara Kovačič a primary school teacher. I grew up in Škofja 

Loka, city in upper Carniola region, where I finished primary school and secondary 

school (secondary school of mechanical engineering). 

In secondary school I realized that I am very much interested in natural sciences and 

human body and have in parallel with the last year of secondary school prepared for 

additional “matura” examination in biology at the Kranj grammar school. After that I 

started my study at the Faculty of Pharmacy, University of Ljubljana where I 

successfully completed the first year but then decided to go into medicine. 

During my medical studies in Zagreb (2013-2019) besides from studying and enjoying 

life in Croatia I was presenter of review article and case reports at different summits in 

Zagreb and was also attending a foreign language school where I became fluent in 

German language. I was improving my practical medical skills on clinical rotations in 

Zagreb, Jesenice, Ljubljana, Munich and Hamburg. 

 


	1. Summary
	2. Sažetak
	3. Introduction
	3.1  Menopausal transition and cognition
	3.2  Estrogen receptors & cognition
	3.3  Progesterone receptors & cognition
	3.4  Hormone replacement therapy regimens: continous versus cyclic treatment
	3.5  The »timing hypothesis« (window of opportunity)
	3.6  Pharmacokinetics of hormone replacement therapy

	4. Methods:
	5. Results:
	6. Discussion
	7. Conclusion
	8. References:
	9. Biography

