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Abstract

Overview-Neurohormonal Aging: The human aging brings about various changes in hormonal homeostasis which include alterations
in hormonal secretion, feedback loops and sensitivity of receptors and tissues. These changes have fallouts on cognitive functions through the
receptors in brain areas, hormonal effects on neurotransmitters (NTM) and increased oxidative stress, and neuronal degeneration. The hormonal
alterations occur across lifespan and play a role in cognitive dysfunction in form of mild cognitive impairment (MCI) and Alzheimer’s disease
(AD), and affect the health and activity of daily living (ADL) and quality of life (QOL) during later years.

The Endocrinological Alterations: Most of the hormones decrease with aging, like estrogen (in women), testosterone (in men), growth
hormone and melatonin. The thyroid hormones may also decrease and subclinical hypothyroidism is common in older adults. Some hormones
tend to remain at physiological levels as in younger adults, like cortisol and insulin except in disease conditions. But, the endocrine function may
suffer with age because the hormonal receptors may become less sensitive. Whereas, some hormones increase in absolute or a relative ratio and
include FSH, LH, norepinephrine, epinephrine, leptin and parathormone.

Pathophysiology of Neuronal Impact: Among the hormones, estrogen, progesterone and testosterone act directly on neurones in the
brain, facilitate neurotransmission, enhance cerebral vasodilatation and blood flow, and protect neurones from neurotoxins and free radicals.
Progesterone stimulates the GABA receptors and has an overall calming effect on the brain. The thyroid hormones (TH) regulate brain glucose
utilization, neuronal metabolic activity and cerebral blood flow. The alterations in TH manifest as cognitive decline and increased risk for AD. With
insulin deficiency, in the type 1 diabetes (T1DM) there occurs a slower information processing and cognitive decline. Whereas, in type 2 diabetes
(T2DM), the associated deranged metabolic function and insulin resistance, leads to memory and cognitive dysfunctions, and neurodegenerative
disorders. The decline in the overall GH level with age is called somatopause, and manifests as sleep disturbance and cognitive dysfunction.
Adrenal hormones, DHEA and Cortisol also play an important role in aging related cognitive decline.

Applying Research - Hormone Replacement Strategies: The HRT may improve cognitive changes and consists of either combined
hormone treatment having estrogen plus a progestin (HT) or estrogen alone (ET). The thyroxine (L-T4) treatment administered both sub-
chronically and chronically, has been demonstrated to improve cognitive function, possibly mediated by an enhancement of cholinergic activity.
But, as documented in clinical practice, the L-T4 treatment may not always completely restore normal cognitive functioning in patients with
hypothyroidism. The use of thyroid hormone should be clinically relevant. Higher levels of thyroxine can potentiate oxidative stress and damage
neurons, and are associated with accelerated cognitive decline. The replacement therapy for androgens is ridden with controversies, and the
studies document that testosterone replacement therapy in a hypogonadal men does not have a positive effect on cognitive functions.

Conclusion-Finding the Solutions: The aim of hormone therapy is to suitably replenish the hormonal deficiencies that come with aging
and to take care of their fallouts in the aging man or woman to maintain cognitive health. The hormonal replacement (HR) for a failing hormone
is a grossly simple concept. But, then it will affect the altered feedback loops, attenuated receptors, and atrophied neurones. In all, the recent
research provides various possibilities, but also puts various limitations and restraints on the therapeutic choices.

Keywords: Neurological Aging; Hormonal Homeostasis; Estrogen; Progesterone; Menopause; Testosterone; Andropause; DHEA; Thyroid
Hormone; Cortisol; Calcium Homeostasis; Growth Hormone; Somatopause; Cognitive Decline; Alzheimer’s Disease; Hormonal Replacement
Therapy; ET; HRT
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Activated Protein; pAkt: Phosphorylated Akt; CAlsr: CA1 Stratum Radiatum; dIPFC: Dorsolateral Prefrontal Cortex; WHI: Women'’s Health
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The Neurohormonal Aging

are the gradual but heterogeneous. Simultaneously, there are

declines of physiological functions, often accompanied by

The aging and underlying pathophysiological alterations
cognitive decline. These alterations are orchestrated through

various molecular mechanisms, which complexly interact to
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alter the homeostasis. The endocrine system is involved in all
of the integrative aspects of life, including cognitive faculties.
The endocrine functions undergo major changes during aging,
and include alterations in hormonal networks and signaling, and
concomitant hormonal deficits/excess, augmented by decreased
sensitivity of receptors and tissues to their action [1]. These
hormonal alterations occur across lifespan, and affect the health,
activities of daily living (ADL) and quality of life (QOL) during
later years.

The demographic studies suggest that there is significant
increase in the prevalence of Alzheimer’s disease (AD) in older
adults, of which 68% are female and 32% are male [2]. Further,
because women have a longer life expectancy than men, the
absolute number of women with AD exceeds that of men. In fact,
the women are 1.5 times more likely to develop AD than age-
matched men [3]. Traditionally, the aging process, including the
development of physical frailty and a gradual loss in cognitive
function during later years of life, has been considered to be
physiological and unavoidable. In recent years, however, it
has become evident scientifically and we can reject the grim
stereotype of aging as an unalterable process of physical and
cognitive decline, and optimistically can look forward to healthy
and successful aging with good quality of life [4].

Essential Hormonal Alterations

With aging, the levels of various hormones undergo
alterations [5]. Most of the hormones decrease with aging, like
estrogen (in women), testosterone (in men), growth hormone
and melatonin. The gonadal steroid hormones include androgen,
estrogen, and progesterone, which decrease with aging. These
hormones transduce their effects via hormone-specific receptors
which are localized throughout the brain. The androgen,
estrogen, progesterone, and the glucocorticoid receptors have
been identified in brain regions associated with learning and
memory areas such as the hippocampus [6]. In women, the
acute decline in estrogen levels leads to menopause. In men,
testosterone levels decrease gradually. Apart from, reproductive
functions, estrogen, progesterone and testosterone play a critical
role in modulation of cognition with aging and protect from loss
of memory, cognition and progression of dementia [7].

The sex hormones estrogen, testosterone, and progesterone
decline with age, while hormones regulating the HPA axis, such
as corticosteroids have been shown to increase with age. The
gonadal steroid hormones appear to act in concert with each
other. The testosterone can be aromatized to estrogen, thus the
loss of testosterone may also result in a reduction in estrogen.
Further, the progesterone receptor contains an imperfect
estrogen-binding site, thus loss of estrogen can potentially
impact actions initiated through the progesterone receptor. The
role of gonadal steroid hormones in cognition has been studied
using both animal models and clinical trials [8]. Mood swings,
memory loss, Mild Cognitive Impairment (MCI) and dementia

are common symptoms and signs indicating that estrogen,
progesterone and testosterone levels are declining [9].

The thyroid hormones decrease and subclinical
hypothyroidism is common in older adults. There is evidence
from animal models and observational human studies that
thyroid hormone has an important influence on cognitive
function, not only in childhood and adolescence but also in
younger adults and the elderly [10]. The clinical undiagnosed
hypothyroidism may present as difficulty in concentration,
short-term memory loss and brain fog. The decreased levels of
growth hormone lead to decreased muscle mass and strength,
and affect cognitive functions; whereas the decreased melatonin
levels play a role in the loss of normal sleep-wake patterns and

affect the biological clock [11].

Some hormones tend to remain at physiological levels as
in younger adults, like cortisol and insulin except in disease
conditions. But, even when hormone levels do not change,
endocrine function suffers with age because the hormonal
receptors and tissues may become less sensitive [12]. This way
an imbalance results especially with regard to Neurotransmitters
(NTMs) like dopamine and serotonin, and hormones like
cortisol, epinephrine and norepinephrine. Because of increased
resistance and decreased production, the same is true for
insulin, availability of which becomes chronically low in the
brain in older adults and affects the cognitive functions and
appetite regulation [13]. Cognitive performance is dependent on
adequate glucose supply to the brain. Insulin, which regulates
systemic glucose metabolism, has recently been shown both
to regulate hippocampal metabolism and to be a mandatory
component of hippocampally-mediated cognitive performance.

In addition, the adiposity with age increases serum
triglycerides, which affects various bioactive molecules and
hormones including leptin. The obese individuals appear to
be more responsive to stress. Stress activates the sympathetic
nervous system and the adipose-tissue cytokine leptin has been
shown to stimulate SNS activity in animals. There is evidence that
individuals with greater adiposity and/or higher plasma leptin
would be more stress-responsive [14]. Apart from leptin, some
hormones increase in absolute or a relative ratio and include
FSH, LH, norepinephrine, epinephrine and parathormone.

Physiological Vs. Abnormal Homeostasis

The brain is part of a larger integrated biological system,
which relies on signaling and neurotransmission throughout
the body. There are balanced interactions between organs that
release hormones and the nervous system which acts through
neurotransmission in purview of the integrated biological
system. Certain areas of brain are concerned with various
cognitive functions. Whereas the hippocampus is concerned
with short term memory, the temporal lobe is concerned with
memory, emotions, hearing and language. The amygdola also
shares emotions and social behaviour, whereas the frontal lobe
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is important for decision making, problem solving and planning
[15].

Among the hormones, testosterone is Crucial for maintaining
mental sharpness and clarity. The testosterone, along with
estrogen and progesterone act directly on neurones in the
brain, facilitating neurotransmission, and protect neurones
from neurotoxins and free radicals, and enhance cerebral
vasodilatation and blood flow. Estrogen facilitates higher
cognitive functions by exerting effects on brain regions such as
the prefrontal cortex and hippocampus. It induces spinogenesis
and synaptogenesis in these two brain regions and also initiates
a complex set of signal transduction pathways via Estrogen
Receptors (ERs). The estrogen effects are mediated by activation
of ER o and ER 3, which in turn act on nuclear DNA, which leads
to gene expression and protein synthesis, and enhance the NTM,
associated functions by NTM associated proteins, spines and
neurotrophins [16]. Progesterone stimulates the GABA receptors
in brain, the feel-good, calming NTM, and has an overall calming
effect on the CNS. A decreased progesterone level or the altered
receptors lead to altered cognitive function [17].

The Pathophysiology Of Endocrinological Alterations
Estrogen

The HPG Axis: Estrogen plays an important role in the
neurobiology of aging, and both endocrine and neural senescence
overlap and is intertwined in complex feedback loops. The brain
controls estrogen release through the Hypothalamus-Pituitary-
Gonadal (HPG) axis. The GnRH neurons in the hypothalamus
release RH, a decapeptide, which acts on the pituitary gland,
to release the gonadotropins LH and FSH, which act on their
receptors on the ovary to regulate production of sex steroid
hormones, which are released into the circulation to exert
feedback actions on the hypothalamus and pituitary gland.
But, the brain also responds to estrogen through ERa and ER
receptors, which are distributed throughout the brain [18].
The neuroendocrine function is initiated in the hypothalamus
and the circuitry responding to estrogen includes neocortex,
hippocampus and brainstem (Figure 1). With the drop in
circulating estrogens at menopause and the brain being a target
organ for estrogen, women are prone for neurological changes,
the cognitive dysfunctions and risk for depression, at menopause
and in post-menopausal period [19].
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Figure 1: HPG Circuitry and ERa/ER receptors - Cognitive
Sidearm.

Estrogen and Aging: The major estrogen from ovaries is
17-B-estradiol. The process of reproductive aging in women
has several unique features and occurs in stages spread over
few years. In fact, the menopause transition represents a
complex interplay of actions at all levels of the hypothalamic-
pituitary-ovarian axis [20]. Another aspect is the impact of
falling concentration of the reproductive hormones on brain
function and behaviour during the menopause transition. For
the majority of women, the reproductive aging is not associated
with either depressive symptoms or the syndrome of significant
cognitive decline.

But, in a minority of women, progress through the
menopause transition and during the post-menopausal period,
symptoms of depression, decreased concentration and memory
decline are common [21]. There appears a probability that the
declining ovarian estrogen secretion exacerbates the age-related
decrement in episodic memory [22,23]. Several longitudinal and
community-based studies have also documented an association
between the menopause transition and an increased risk for
depression [24]. Some recent longitudinal studies that followed
women with no past history of depression demonstrated an
increased risk of depressions during the menopause transition
[25].

The Neurological Mechanisms

a) The Estrogen Receptors (ERs): The brain undergoes
many structural and functional changes during aging, some of
which are regulated by estrogens which act mainly through the
intracellular estrogen receptors, ERa and ER(. The expression
of these receptors depends upon several factors including their
own ligand estrogen, and others such as growth hormone and
thyroid hormone. The levels of these factors also decrease during
aging and affect cognitive functions. Another important factor,
the nucleotide polymorphisms of ERa has been documented
with an increased risk of cognitive dysfunction and dementia
[26].

b) Behavioural Alterations and Cognitive Decline: The
age-related changes in estradiol concentrations affect function
in hypothalamus and cortex, thalamus, amygdala, brainstem,
cerebellum, and most other brain regions through ERs. Though,
the GnRH cell numbers do not change with aging, the inputs to
GnRH neurons from NMDA (N-methyl-D-aspartate) receptors
though glutamate and other neurotransmitters, which regulate
GnRH gene expression and biosynthesis, cause age-associated
changes in GnRH output [27,28]. These changes in NMDARs
may also contribute to, other dysfunctions including alterations
in sexual behaviour and/or libido, and decline in cognitive
function [29]. In other brain regions such as hippocampus and
frontal cortex, the loss or change in estradiol signaling may be
manifested by morphological and behavioural changes.

c) Loss of Neuroprotection: The efficacy of neurological
function and preventing neurodegeneration depends on the
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binding of estradiol and other estrogenic ligands to membrane-
associated, mitochondrial, and nuclear estrogen receptors in
hippocampal and cortical neurons [30,31]. Estrogen-activated
cellular signaling cascade promotes enhanced mitochondrial
function, leading to increased calcium load tolerance, enhanced
electron transport chain efficiency, and promotion of antioxidant
defence mechanisms pivotal to sustaining calcium homeostasis
and the estradiol-induced cascade that leads to neurotrophic and
neuroprotective benefit [32]. Thus, the postmenopausal fall in
estrogen levels have effects on the neuronal aging and cognitive
performance. Consistent with these alterations, incidence of
depression, cognitive dysfunction and dementia, including AD,
has been reported in observational studies.

d) The miRNA levels: It is thought that menopause
associated rapid age-related decline of circulating 17 -estradiol
levels alters the miRNA levels in an age- and brain region-
dependent manner. This results in differential gene expression
involving genes that are important for memory and stress
regulation, such as Brain-Derived Neurotrophic Factor (BDNF),
glucocorticoid receptor, and SIRT-1, and consequently alter
neuronal function [33].

The Research Studies

a) The Animal Studies: The studies in rodents and
NHP have provided evidence that estrogen favourably modifies
synaptic circuitry in hypothalamus, hippocampus and neocortex
and is neuroprotective [34,35]. The hippocampus is a forebrain
structure and consists of the subiculum, CA1, CA2, CA3 and
dentate gyrus regions. The studies in female rodents provide
evidence that the synaptic effects of estrogen in hippocampus
and prefrontal cortex influence cognitive aging through synaptic
circuitry of CA1 in the hippocampus which is NMDAR dependent.
These hippocampal circuits sub-serve memory functions.
Effects of estradiol on GABAergic and cholinergic systems
augment the glutamatergic impact on hippocampal function. In
addition, estradiol rapidly stimulates signaling cascades such
as the Mitogen-Activated Protein (MAP) kinase family and the
phosphotidylinositol 3-kinase (PI3K), pathway leading to the
phosphorylation of Akt, a key signaling molecule. Furthermore,
Phosphorylated Akt (pAkt) is present in CA1 dendrites, spines,
and synapses and is increased by the presence of estradiol [36-
38].

Further, the synaptic effects and behavioural impact of
estrogen in CA1 differ in young and aged female rats. There is
an age-related attenuation of the beneficial cognitive effects of
estrogen modulations in rats [39]. This is related to age and
duration of loss of estrogen, after which ET is less effective. The
activated signaling molecules such as pAkt, which is present in
CA1 dendrites and spines play a critical role in estradiol-induced
synaptic alterations. In addition, synaptic pAkt thought to be
activated by ERa is also decreased dramatically in aged CA1l
axospinous synapses as is ER suggesting that several key players
in the local synaptic response to estradiol are compromised with
age in female rats [40,41].

In young and aged rhesus monkeys, as compared to female
rats, estrogen increases axospinous synapses in CAl. The
studies using an NHP model have revealed the cognitive and
neurobiological effects of ET in the context of aging [42]. The
studies in rhesus monkeys used a regimen of cyclic exposure
to estradiol in an attempt to replicate a pulsatile peak. Initially,
the total number of spines in CA1 Stratum Radiatum (CA1sr) of
both young and aged monkeys, showed an increase of 35%. Also,
long-term cyclical ET enhances cognitive performance and spine
density in the Dorsolateral Prefrontal Cortex (dIPFC) of aged
rhesus monkeys. The dIPFC is an area in the prefrontal cortex
of the brain involved in executive functions. It is one of the most
recently evolved parts of the human brain and undergoes a
prolonged period of maturation which lasts until adulthood and
is highly vulnerable in aging and AD.

b) Observation and Clinical Studies: Numerous studies
have documented beneficial effects of HT/ET regimens on
cognition [43]. The trials demonstrated the beneficial effects
of short-term (i.e., 2-12 weeks) ET on measures of verbal
learning and memory [44]. There were beneficial effects of
HT/ET on several domains of cognitive function, like verbal
memory, vigilance, reasoning, and motor speed, in symptomatic
perimenopausal women and in women in whom hypogonadism
was recently induced by medical or surgical interventions.

The Women'’s Health Initiative (WHI) studies published in
2003 failed to collaborate these findings. Simultaneously, the
WHI Memory Study (WHIMS) concluded that this HT regimen
did not improve cognitive function but increased the risk for
probable dementia in postmenopausal women aged 65 or
older [45,46]. Other related WHIMS studies with ET also failed
to protect against cognitive decline, although this regimen did
not carry the same risk for increased incidence of dementia
[47]. But, there were two notable points, these studies used the
pharmaceutical formulations which different from the natural
hormones estradiol and progesterone, and the HRT was initiated
in women 65 years or older, which may be too late to expect the
neurological benefits of ET or combined HT [48,49].

Both observational- and clinic-based studies have suggested
that combined HT and unopposed ET in hypogonadal women
improve cognition, lessen the risk for the development of
dementia, and possibly, improve the severity and course of
dementia [50]. Estrogen seems to enhance neuronal function,
improve neuronal resilience, and serve as a neuro protective
agent. In addition to the potential beneficial effects of estrogen
on episodic memory, there is evidence to suggest that HT
reduced the risks of both MCI and dementia including AD. The
therapeutic response to estradiol was observed in both major
and minor depression as well as in women with and without
hot flushes in perimenopausal women. In the observational
studies, the early initiation and adherence to HT/ET treatment
were related to the ongoing relief of the affective, cognitive, and
behavioral symptoms.
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The impact of declining reproductive function on sexual
functionisvariably expressedin women. Many of postmenopausal
symptoms reported in women, such as vasomotor symptoms,
vaginal dryness, etc. are directly attributable to low circulating
estradiol. These may have correlation with loss of libido
and sexual dysfunction in postmenopausal period. However,
estradiol fails to restore sexual functioning. Some recent RCTs
reported improvements in libido after testosterone therapy in
hypogonadal women [51].

Hormone Therapy for the Cognitive Decline: The HRT
may improve cognitive changes and consists of either combined
hormone treatment having estrogen plus a progestin (HT) or
estrogen alone (ET). The neuro-selective estrogen receptor
modulator (NeuroSERM) and phyto-selective estrogen receptor
modulator (PhytoSERM) molecules appear to be safe and
efficacious estrogen alternatives for preserving neurological
function and preventingneurodegenerative disease. Theresearch
indicates that a low dose estradiol exerts neuroprotection in the
perimenopausal period in acute, continuous or intermittent
mode [52].

Whereas, a high estradiol dose is ineffective at inducing
neuroprotection regardless of pattern of dose, and in fact,
exacerbate neurodegeneration. The mechanism by which high
estradiol exacerbates neurodegeneration is likely through
dysregulation of calcium homeostasis. Thus, estrogen-induced
calcium signaling pathways both promote neuronal function
and could exacerbate neuronal apoptosis in neurodegenerative
states. The epidemiological studiesindicate that womenreceiving
ET at the time of menopause, in a prevention mode well before
age-associated degeneration is prevalent, have a lower risk of
developing AD than women who have never received ET or HT.

The retrospective studies have investigated the issue of ET
or HT formulation as a determinant of the adverse outcomes
of treatment trials. The results of a frequently prescribed
combined estrogen/progestin formulation, Conjugated Equine
Estrogen (CEE) plus Medroxy Progesterone Acetate (MPA)
- Depo-Provera or PremPro - have documented that MPA is
neither neuroprotective nor synergistic with estradiol. In fact,
MPA antagonized estradiol-induced neuroprotection [53].
Moreover, MPA exacerbated glutamate induced excito-toxic
neuronal death [54]. Results of the WHIMS trial in which the
hormone therapy group (CEE plus MPA) documented a twofold
risk of developing dementia strongly suggest that the addition of
MPA has deleterious outcomes for the brain [55].

The evidence from various studies endorse that in the
hypogonadal states, the Hormone Therapy (HT) or Hormone
Replacement Therapy (HRT) is likely to prevent and reverse age-
related alterations in the relevant neural circuitry. The HRT is
protective against cognitive decline and AD, has no detrimental
effect on cognitive function and has shown benefits on memory,
attention and reasoning [56]. The observational data also
suggest that HRT may reduce the risk of cognitive decline and

dementia. In a population cohort of older women, lifetime
HRT supplementation was associated with improved global
cognition and attenuated decline over a 3-year interval [57]. A
2011 meta-analysis study concluded that the overall data from
epidemiologic studies, observational studies and clinical trials
of HRT, indicate that the age-related hormone decline plays
an important role in the pathogenesis of cognitive decline and
risk for Alzheimer’s disease and there was a decreased risk of
dementia in HRT users [58].

As per the latest research on HRT, last updated on Oct 12,
2017 with over 713 News and research items available on the
subject online - ‘Hormone Replacement Therapy News Widget),
the postmenopausal estrogen-based hormone therapy lasting
longer than ten years was associated with a decreased risk of AD
in a large study [59]. Finally, the HT has very limited effect when
administered to postmenopausal women with AD, as an adjuvant
with anti-cholinesterasic treatment, HT was only efficient when
administered before the onset of dementia and most therapeutic
trials conducted to date have been unable to conclude that HT
could significantly prevent the development of AD or decrease
its severity [60,61].

The identification of the hormonal determinants of cognitive
and neurodegenerative disorders in the older adults and the
characterization of sub-groups of ‘hormone-responsive’ subjects
potentially at risk may open up the possibility of offering tailor-
made therapies based on hormones favouring natural steroids.
The natural formulations (micronized progesterone, transdermal
17-B-estradiol) are preferable because of their fewer side
effects, especially when given at the peri-menopause and have
potentially greater impact on neuropsychiatric disorders [62].
For the postmenopausal hormone treatment, there is prognostic
importance of the following parameters: women’s age, age
at start of hormone use, duration of therapy, dosage, route of
administration, and the exact type and combination of estrogen
and progestogen.

Testosterone

Testosterone and Cognitive Function: The testosterone
secretion and gradually decline with age
after attaining a peak in early twenties (Figure 2). Also,
the advancing age is the most significant risk factor for the

serum levels

onset of general cognitive decline [63]. But, the decline is
variable among individuals. Though, the underlying neuro-
pathogenic mechanisms for cognitive decline with age are
not fully understood, there is a mounting evidence, that it
may also be related to the declining testosterone in men, like
estrogen in women. Testosterone, an androgen, is a precursor
of certain neurotransmitters. The testosterone appears to be
neuroprotective by mediating neuronal and vascular aging in
neuronal cells of the hippocampus and other areas which are
involved in cognitive function [64]. The results from cell culture
and animal studies support testosterone as neuroprotective
hormone [65].
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With aging, both cognitive functions and testosterone levels
decline. Further, a recent meta-analysis, in 2016, documented
that most men with AD and other cognitive disorders have low
testosterone. Also, the testosterone levels are lower in men
with AD compared with controls. In fact, the low testosterone
levels may precede onset of AD by many years. Further, there
is a documented evidence to prove that testosterone therapy in
older men may improve cognitive functions [66].

Mechanism of neuroprotective action: A recent animal
study evaluated a possible mechanism by which testosterone
may inhibit cognitive decline is via the influence on neuronal
and vascular aging in hippocampal cells. In the mouse model
with hypogonadism and cognitive impairment, the treatment
with testosterone decreased senescent changes in hippocampal
vascular endothelial cells and inhibited cognitive decline. At
the sub cellular level, key enzyme, SIRT1, an NAD+-dependent
acetylase, was induced by testosterone therapy and led to
decreased oxidative stress-induced endothelial senescence [67].

In a cross-sectional study, the OPTIMA trial, the testosterone
levels were significantly lower in the older cohort, aged~80
years with AD than in controls. Also, a younger cohort with AD
aged~66 years; the testosterone levels were significantly lower
than the controls without AD [68]. The studies have investigated
the probability of lower testosterone levels as an independent
risk factor for AD. In the large and well-designed Baltimore
Longitudinal Study of Aging, it was documented that the free
testosterone serum levels at 2, 5, and 10 years before diagnosis
of AD were documented to be reduced [69]. In another study,
using post-mortem data, documented that in preclinical male AD
cases, testosterone brain levels were lower than in controls [70].
These studies indicate that testosterone may play a part in early,
preclinical phases of AD, suggesting a causative role. Evidence
supporting this is the high densities of androgen receptors in
hippocampus and nearby regions [71]. Further, these regions
also exhibit the earliest functional declines in AD. As suggested
in another study testosterone may modulate neuronal damage
caused by oxidative stress and it probably decreases neuronal
apoptosis, a key step in both AD and age-related cognitive
decline [72].

Testosterone Deficiency States: The studies show the
testosterone replacement therapy in hypogonadal men does not
have a positive effect on cognition. Certain other factors also
appear to influence the neuroprotective effect of testosterone
and include sex-hormone-binding globulin, thyroid hormone,
gonadotrophins and estrogen levels. An imbalance or deficiency
of these factors may affect testosterone’s neuroprotective
actions and lead to cognitive decline. Evidence of the relationship
between androgen deficiency and male depression also comes
from studies that have assessed depression in hypogonadal
subjects, the association between low testosterone levels
and male depressive illness, and the antidepressant action of
androgen replacement. The etiology of depressive symptoms
of Partial Androgen Deficiency in Aging Male (PADAM) is
multifactorial, and results from the interaction of the biological
and psychosocial changes that take place during the mid-life
transition [73].

Recently, a preliminary study of testosterone therapy in
older men with low levels of the hormone and clinical conditions
related to low testosterone, found that restoring levels to those of
healthy young men improved sexual function. The treatment had
a smaller effect on other aspects of health, such as the ability to
walk or the sense of vitality [74]. The positive effect on cognitive
functions was not documented. The PADAM is responsible for a
variety of behavioural symptoms, such as weakness, decreased
libido and erectile dysfunction, lower psychological vitality,
depressive mood, anxiety, insomnia, difficulty in concentrating,
and memory impairment. The psychological and behavioural
aspects of PADAM may overlap with signs and symptoms of
major depression [75].

Testosterone Therapy for Cognitive Dysfunction:
Testosterone is an important modulator of cerebral functions. It
appears to activate the cortical network, the ventral processing
stream, during spatial cognition tasks, and the addition of
testosterone improves spatial cognition in younger and
older hypogonadal men. In addition, reduced testosterone is
associated with depressive disorders. In the hypogonadal men,
testosterone supplementation enhances vigor and energy and

many aspects of mood and cognition [76].

Androgens play a neuroactive role during the aging process
when it affects hippocampal spine synapse density, suggesting
a role for androgen in the modulation of cognitive function and
development of neurodegenerative disease. The sex steroids
modulate brain function and the ability of the brain to process,
store and retrieve sensory information [77]. The maintenance
of neural elements in brain systems that support memory, such
as synapse formation in prefrontal cortex and hippocampus, are
critical for cognitive health in aging. There is a biological basis
for androgens as neuro-protectants or neuromodulators and the
importance of androgens for memory. The androgen deprivation
causes significant loss of synapses in the hippocampus in rodent
and nonhuman primates, increases amyloid deposition in human
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and rodent models and causes changes in neurotransmission in
prefrontal cortex in rodent models.

The research suggests that these changes modify age-related
cognitive loss, particularly to memory in men. In addition, the
conversion of testosterone to its androgen metabolites or to
estradiol may play a special role in the preservation of memory
in aging [78]. Androgen deficiency has been reported to cause

Thyroid Hormone

changes in mood and cognitive function and the preliminary
evidence suggests that testosterone loss may be a risk factor
for cognitive decline and possibly for dementia. Conversely, the
maintenance of higher testosterone levels may prove beneficial
for cognitive and brain function in elderly men. Large-scale
placebo-controlled intervention studies are required to resolve
ambiguities in the literature [79].

4 N\
Decreased cerebral blood flow Accelerated neuronal metabolism
Decreased brain glucose metabolism Increased oxidative stress
Low energy for cerebral functions Neuronal injury and apoptosis
Hypothyroidism Euthyroid Hyperthyroidism
eSS p— —————
Cognitive Decline Cognitive Decline
Figure 3: The TH Continuum and Concept of Cognitive Decline.
- J
Thyroid Dysfunction and Cognitive Decline: The cerebral blood flow in mild hypothyroidism in regions mediating

concentration of Thyroid Hormones (THs) declines with age.
The cognitive decline is often concomitant with aging and the
physiological changes in thyroid function might be causally
related to changes in cognition during aging [80]. There is a
continuum from low to increased concentrations of THs in
which cognitive dysfunction can result (Figure 3). The clinical
hypothyroidism has effects on cognition and mood, and there is
evidence that subclinical hypothyroidism may be a predisposing
factor for depression, cognitive impairment, and dementia.
Subclinical hypothyroidism is common in the older adults,
particularly in women. Further, the older adults are more
vulnerable to the effects of subclinical hypothyroidism because
of age-related changes to the hypothalamic-pituitary-thyroid
axis [81].

The hyperthyroidism in older adults is also associated with
decreased cognitive functioning, especially memory, visuospatial
retention, attention, and reaction time. Thus, there is potentially
increased risk of cognitive decline with thyroid dysfunction, and
it is plausible to theorize that the thyroid status contributes
to a risk, at least in part, to AD. In fact, hypothyroidism and
hyperthyroidism have both been associated with cognitive
impairment and dementia [82]. Even the mild variations of
thyroid function can have significant consequences for cognitive
function in the elderly, and the older adults with cognitive
impairment should be assessed for hypothyroidism [83].

Mechanism of Cognitive Impairment in Hypothyroidism:
The THs regulate cellular metabolic activity and neuronal
development and function [84]. In fact, there exists inter-
dependence between THs and Acetylcholine (Ach), nerve growth
factor and hippocampal function. There occurs a decreased
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attention, motor speed, memory, and visuospatial processing.
The THs regulate systemic glucose metabolism and may also be
involved in regulation of brain glucose metabolism.

It may also decrease glucose metabolism in brain, thus,
prevents the brain from adequately utilizing the energy
needed for neurotransmission, memory, and other higher brain
functions. Low brain uptake of glucose is commonly associated
with deteriorating cognition and AD and can be present decades
before clinical evidence of the disease occurs. Thus, brain
hypo-metabolism is a precursor lesion increasing the risk of
at least some forms of cognitive decline [85]. Further, the THs
imbalance is often encountered in combination with metabolic
disorders such as diabetes, and may cause additional metabolic
dysregulation and hence worsening of disease states. THs may
also modulate memory processes, at least in part by modulation
of central insulin signaling and glucose metabolism.

Thyroid Replacement Therapy:

a) The results from animal studies: The L-T4 treatment
administered both sub-chronically and chronically, significantly
enhances the ability of rats to learn a spatial memory task,
compared with controls. Moreover, both short-term and long-
term L-T4 treatment reduced the cognitive-impairing effects
of scopolamine. Improvements in performance were shown to
occur along with increased cholinergic activity in frontal cortex
and hippocampus of treated animals. These findings demonstrate
an augmentative effect of L-T4 upon cognitive function, possibly
mediated by an enhancement of cholinergic activity. The results
support a relationship between L-T4 and acetylcholine, and the
possible mechanisms by which disorders of thyroid function
may be associated with cognitive decline.

How to cite this article: Vinod Nikhra. The Altered Hormonal Homeostasis with Aging, Neuronal Dysfunction and Cognitive Decline. OAJ Gerontol &

Geriatric Med. 2018; 3(4): 5565619. DOI: 10.19080/0AJGGM.2018.03.555619


http://dx.doi.org/10.19080/OAJGGM.2018.03.555619

Open Access Journal of Gerontology & Geriatric Medicine

b) The Results from Clinical Studies: As documented
by clinical research, the L-thyroxine treatment may not always
completely restore normal cognitive functioning in patients
with hypothyroidism [86]. The use of thyroid hormone should
be clinically relevant. Higher levels of thyroxine can potentiate
oxidative stress and damage neurons, and are associated
with accelerated cognitive decline. Therefore treatment with
thyroxine in those without thyroid disease is not recommended.
In fact, the optimal therapeutic level in the older adults may
be normally a bit on lower side because of the physiological
slowdown of tissue metabolism.

Insulin

In the Type 1 Diabetes Mellitus (T1DM) patients, cerebral
micro vascular damage is common. As life expectancy in
patients with T1DM has increased because of better therapeutic
modalities, living longer and the longer exposure to disease-
related factors, contributes to cerebral micro vascular disease.
Clinically relevant White Matter Hyperintensity (WMH) lesions
are evident earlier among middle-aged patients with T1DM
and lead to the slower information processing and cognitive
decline [87]. Brain imaging in T1DM patients having cognitive
dysfunctions, especially those with neuropathies, may delineate
cerebral micro vascular lesions [88]. Signs of accelerated aging
that are related to slower information processing are evident
in the brains of middle-aged adults with T1DM. As the people
with T1DM are now living longer than ever before and as the
incidence of T1DM is increasing annually, the impact of the
disease is seen more often and they increasingly present with
accelerated brain aging and cognitive decline.

In Type 2 Diabetes Mellitus (T2DM) also, aging is associated
with a deranged metabolic function, insulin resistance,
increased incidence of neurodegenerative diseases, and memory
or cognitive dysfunction [89]. The onset of type 2 diabetes in
older adults appears to affect late-life cognition by reducing
brain volume, as revealed by MRI studies in a population-
based cohort without dementia. But, the T2DM onset after
age 64 does not seem to impact brain pathology or cognitive
functions, suggesting that the deleterious impact of diabetes on
memory and other cognitive aspects develops over decades. The
older adults with pre-diabetes and T2DM may suffer from an
accelerated decline in brain volume and cognitive functions over
as short as two years period, suggesting that other factors also
play a role. Further, the aging brain is vulnerable to worsening
blood sugar levels even before T2DM is diagnosable [90].

The researchers have documented that older adults having
pre-diabetes and T2DM, may lose almost two and a half times
more brain volume than the controls over two years. The
reduction in size of the frontal lobe, associated with higher
mental functions like decision-making, emotional control, and
long term memory, has a significant impact on cognitive function
and quality of life. The Sydney Memory and Ageing Study,
compared MRI scans in older adults taken from the beginning
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and end of a two-year period. The participants were elderly aged
between 70 and 90 years old (54% were male) and free from
dementia. At the start of the study 41% had pre-diabetes and
13% had type 2 diabetes. The researchers found that a person’s
blood sugar status after two years can significantly predict their
decline in brain volume [91].

The older adults with T2DM and hypertension may be
found to have cortical or subcortical infarctions, WMH, and
hippocampal and whole brain volume loss on MRI scanning,
and cognitive decline with reduced performance in executive
function during cognitive testing, and have a higher risk for AD.
In addition, the older adults with T2DM show a two-fold increase
in MCI risk as compared with those having no diabetes. The
dysfunctional insulin signaling and altered glucose metabolism
in the brain of diabetics appears to increase tau phosphorylation,
increase insulin binding to insulin-degrading enzyme, decrease
beta-amyloid clearance, and lead to neurodegeneration [92].

Growth Hormone

The Growth Hormone (GH) levels also decline with age and
may contribute to the cognitive dysfunction typical of aging [93].
GH has a pulsatile pattern of release by the pituitary gland, and
the normal pulsatile secretion may be lost before there develops
actual GH deficiency. The decline in the overall GH level with
age is called somatopause. The signs of somatopause in adults
include decrease in lean body mass, decreased joint cartilage,
decrease in cardiac endurance, delayed rate of wound healing
and decreased sleep duration and quality. The recent clinical
research suggests that somatropin or human GH is useful as an
anti-aging hormone. The low GH has also been linked to chronic
fatigue syndrome, fibromyalgia and osteoporosis.

The low GH states that may benefit from GH replacement
therapy include obesity and plaque buildup leading to
cardiovascular disease. Tesamorelin is a synthetic version
of growth-hormone-releasing hormone, or GHRH. The drug
stimulates the production of HGH. In a 20 week double blind
study, the researchers found that supplemental GHRH had a
positive effect on cognition and healthy brain function not only
in healthy older adults but also in adults at increased risk of
cognitive decline and dementia [94]. Other research works have
also documented that GH supplementation in low GH states may
be useful in treating cognitive decline [95].

Cortisol and Dhea

Cortisolis involved in balancing blood glucose levels, immune
system responses, bone turnover rate, mood and thought, sleep
and protein catabolism. Elevated cortisol is associated with
anxiety, insulin resistance, obesity, osteoporosis, sex hormone
imbalance, onset insomnia, accelerated aging and immune
suppression and disrupts gastrointestinal microflora levels
causing dysbiosis. Low cortisol levels, on the other hand, relate
to CFS, depression, PMS, menopause, fibromyalgia, impotence
in men, fertility and maintenance insomnia [96]. An increase in

How to cite this article: Vinod Nikhra. The Altered Hormonal Homeostasis with Aging, Neuronal Dysfunction and Cognitive Decline. OAJ Gerontol &

Geriatric Med. 2018; 3(4): 5565619. DOI: 10.19080/0AJGGM.2018.03.555619


http://dx.doi.org/10.19080/OAJGGM.2018.03.555619

Open Access Journal of Gerontology & Geriatric Medicine

cortisol levels experienced during prolonged stress, will inhibit
release of GH. Also there will be a reduction in the release of
LH and testosterone. Cortisol also influences the activity of
insulin and THs. Decreased sleep causes an increase in cortisol,
a decrease in GH and testosterone. Also the release of melatonin
will be affected and this further reduces the production of GH
and quality of sleep. The sleep disturbances can exacerbate age-

related changes in the brain through the endocrine system [97].
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Figure 4: Change in Cortisol level with aging.
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The cortisol levels increase with age (Figure 4). Adrenal
hormones DHEA and Cortisol also play an important role in
aging related cognitive decline. DHEA, the principle adrenal
androgen, and its sulphonated ester DHEA-S, decrease with age
[98]. In addition to its androgenic function, DHEA has been
reported to have other functions such as improving carbohydrate
metabolism, neurological function and general well-being.
Low levels of DHEA-S are involved in the decline in immunity,
chronic fatigue, nonspecific arthritis, insomnia, decreased libido,
obesity, depression and osteoporosis. The hippocampal region
of the brain show plasticity and resilience of brain cells to stress
hormone action and aging. There is vulnerability of the aging
hippocampus in relation to stress and AD [99]. Mechanisms of
neuronal death or apoptosis in aging brain and AD include the
role of endocrine-mediated altered calcium homeostasis [100].

Applying Recent Research For Action Plan
Research, Results and Concepts

The biological research including the animal studies and
clinicalresearch, and variousrelated discoveries haveled towider
understanding about hormonal homeostasis, hypothalamic-
pituitary axis for hormonal control, the feedback loops which
auto-adjust and auto-regulate and role and impact on brain and
neurotransmitters, and cognitive functions [101]. The results
have led to formulation of theories and concepts through which
we can understand and act. The Hormonal Replacement (HR)
for a failing hormone is a grossly simple concept. But, then it
will affect the altered feedback loops, attenuated receptors, and
atrophied neurones. In all, the recent research provides various
possibilities, but also puts limitations on therapeutic choices.

HR: Controversies and Restrictions

As for the postmenopausal or perimenopausal women with
the hypogonadal states, the HT is likely to prevent and reverse

age-related cognitive alterations, and protect AD, but should
not have any detrimental effect on other physiological functions
[102]. It should also be free from serious side-effects and after-
effects. Further, the research indicates that a low dose estradiol
exerts neuroprotection in acute, continuous or intermittent
mode, but a high estradiol dose is ineffective at inducing
neuroprotection regardless of pattern of dose and may have
significant side-effects. Various clinical studies have provided
mixed results, and have failed to endorse a unified therapeutic
approach. Thus, the wonderful possibilities of HT have been put
on back-foot, and lie vastly under-utilized.

The testosterone replacement therapy in PADAM in older
men is also ridden with unclarified and mixed results from
various clinical studies, hence the therapeutic controversies and
confusion [103]. The DHEA treatment is equally controversial
[104]. The androgen deficiency leads to mood disorders and
cognitive dysfunction and predispose to dementia. A suitable
replacement dose may help, but the maintenance of higher
testosterone levels have been shown to be beneficial for cognitive
and brain function in aging male. TH has a role is in regulating
brain glucose metabolism and modulating hippocampal
cognitive processes. The THs gradually declines with age and
hypothyroidism is common. In fact, TH replacement is the
most common in hormonal treatment in clinical practice. But,
the L-T4 treatment may not always completely restore normal
cognitive functioning in patients with hypothyroidism. On the
other hand, higher levels of thyroxine can potentiate oxidative
stress and damage neurons, and are associated with accelerated
cognitive decline. Therefore, TH replacement should be regularly
monitored.

Conclusion: Way Out of the Research Smog
Dissecting Data for Uniformity

With aging, various tissues and organs including the brain
gradually fail. The latter is manifested as cognitive decline, MCI
and AD. The cognitive decline with aging is part due to wear
and tear processes in various neurones and faltering hormonal
homeostasis including alterations in the concerned receptors
and their impact on neuronal functioning. Over the year, animal
studies as well as clinical trials and therapeutic practice have
generated vast but diverse data. They provide a gamut of results
from varying methodology with differing subjects. These data at
times are lope-sided and contradictory. Many a time, the research
deals with one aspect of the totality and fails to generate a
wholesome inference. The conclusions drawn in various studies
restricted and biased, and may preclude further research in the
area. Thus, it is required that the research works are dissected
out to find and develop relevancy for clinical applicability.

Finding Solutions and Final Words

The biological systems in an organism are regulated by
brain through neurotransmitters and hormone releasing factors,
influencing hormones secretion. The hormones communicate
between organs and tissues by binding to specific receptors for
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physiological regulation. They also communicate with brain for
physiologic and metabolic modulation by the feedback loops
and through various receptors on different parts of the brain for
behavioral modulation. The aim of hormone therapy, which aims
to suitably replenish all the hormonal deficiencies which come
with aging, is to prevent and treat their fallouts in the aging man
or woman to maintain cognitive health. The hormone therapy
needs to address to cognitive decline, and improve ADL and QOL.
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