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ABSTRACT

Aging is characterized by changes in virtually all
biological systems, and the hypothalamic-pituitary axis
is no exception. With aging, the secretory patterns of
the hormones produced by the hypothalamic—pituitary
axis gradually shift with the axis becoming less
responsive to feedback from end hormones. This is
accompanied by physical and cognitive changes that
coincide with decreases of main anabolic hormones,
such as growth hormone and sex steroids. In addition,
aging-induced effects are difficult to disentangle from
the influence of other factors that are more prevalent
in the elderly, such as chronic diseases, inflammation,
and poor nutrition; all of which can affect the integrity
of the hypothalamic-pituitary axis. Aging is also
associated with an increased detection of pituitary
tumors found incidentally in magnetic resonance
imaging studies performed in older individuals, most of
which are slow growing, non-functioning micro-
incidentalomas. Clinical manifestations are generally

observed with  macroadenoma mass effects,
symptoms of hormonal deficiency, and rarely
hormonal  excess.  Transsphenoidal  surgery,

especially when performed in the hands of an
experienced neurosurgeon, is generally safe and
effective in elderly patients with pituitary tumors,
although there are some increased comorbidity and
anesthetic risk. Hormone replacement therapies to
treat hypopituitarism should be individualized to
account for physiological changes of aging and
associated pathologies, and hormonal intervention to
reverse aging is not recommended due to lack of
clinical benefits and potential adverse effects.
Managing functional pituitary tumors, especially
Cushing disease and acromegaly, in the elderly are
often more challenging than in younger patients due to
many potential pitfalls in terms of symptom
recognition, diagnostic workup and reliability of
hormone testing, greater burden of concomitant
comorbidities, and limited data on treatment outcomes
in this population.

INTRODUCTION

Healthy aging of the hypothalamic-pituitary axis is a
multifactorial process with considerable inter-
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individual variability. As individuals age, it is inevitable
that physical and cognitive functions decline (1).
However, the extent to which age-related changes in
hormonal regulation and the rising prevalence of
hypothalamic-pituitary = hormone  disorders that
contribute to the decline in physical and cognitive
function remains incompletely understood. This
aspect of geriatric medicine will inevitably expand in
importance in the coming years as the number of older
individuals increases due to increased general
lifespan. Aging of the adenohypophysis is associated
with a reduction in size, increased fibrosis, altered
vascularization, and a higher incidence of
microadenomas; all of which can affect its hormonal
secretory patterns (2). These alterations are further
compounded by reduced tissue sensitivity to hormonal
action and changes to the circadian rhythm associated
with aging (3). Collectively, these age-related
endocrine changes are characterized by progressive
reductions in the synthesis and/or peripheral action of

anabolic hormones, such as growth hormone (GH)
and gonadal hormones, and the increase in the
synthesis of hormones with catabolic properties, such
as cortisol (Figure 1) (4). Notably, these hormonal
shifts are part of the normal aging process and may
not necessarily indicate pathological conditions (Table
1). Compared to younger individuals, healthy older
adults typically exhibit altered body composition,
marked by decreased skeletal muscle mass and
increased adipose tissue, as well as reduced bone
mineral density and muscle strength (1). Despite these
findings, multiple studies have shown that hormonal
supplementation aimed at restoring "youthful"
hormone levels in the elderly does not offer proven
clinical benefits and may, in fact, pose inherent risks
and cause unwanted side-effects (5). Therefore,
supplemental hormonal therapy in the elderly should
only be reserved for treating specific diseases rather
than attempting to counteract the natural aging
process.
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Figure 1. Summary of changes of hormones of the hypothalamic-pituitary axis associated with aging.

Reproduced with permission from Caputo et al. 2022

(4).
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Table 1. Aging and Age-Related Changes in Hypothalamic-Pituitary Axis Function:
Similarities and Differences
Signs/symptoms Advancing | GH levels | Cortisol Thyroid Sex
age levels hormone hormone
levels levels
Fatigue ) 2 N \2 \2
Sleep disturbances | 1 l N J *
Muscle loss and 0 s N \2 \
sarcopenia
Bone loss ) 2 ) o *
Body fat increase 0 s ) \ 2
Glucose intolerance | 1 s ) \2 \
Dry skin and hair loss | 1 { ) \ 2
Hypertension 0 s ) \ 2
Dyslipidemia ) \2 ) \ \

*Especially in women during peri- and post-menopause.

PHYSIOLOGICAL EFFECTS OF AGING ON THE
HYPOTHALAMIC-PITUITARY AXIS

Growth Hormone and Insulin-Like Growth Factor-
| Axis

Growth hormone secretion occurs physiologically in a
pulsatile fashion and in a circadian rhythm with
maximal releases in the latter half of the night (6).
Peak GH secretion occurs around mid-puberty (7),
and declines after the age of 30 by approximately 14%
per decade (8). The reduction in GH secretion mainly
results from marked reductions in GH pulse amplitude,
with only very little change in pulse frequency (9). By
the eighth decade, GH levels are so low that they are
comparable to those of GH-deficient young adults
(10). Pulse frequency is similar across age, with
approximately 18 secretory episodes of GH per 24
hours in children, younger adults, and older individuals
(11). The decline in GH with aging is primarily seen in
the amplitude of the secretory episodes, although
interpulse levels also decline (Figure 2) (12). The
mechanism that underpins the decline in GH secretion
is incompletely understood but has been postulated to
be based in the hypothalamus, as somatotroph cells
tend to maintain normal secretory responses to GH-

releasing stimuli (13). Circulating IGF-I levels, the
main mediator for the trophic effects of GH primarily
generated from the liver, also decline with age by >
50% from the 3™ to the 9" decade (14) as a
consequence of decreased GH secretion (Figure 3).
Notably, the action of GH on the liver to generate IGF-
| is preserved in aging (15). The decline in GH and
IGF-l is further accentuated by metabolic changes and
common comorbidities in the elderly, such as diabetes
mellitus (DM), chronic kidney disease, chronic liver
disease, malnutrition, and sarcopenia (16-20), which
independently also contribute to reduce IGF-I levels.
Furthermore, obesity is more prevalent in individuals
over 60 years, which is associated with lower IGF-I|
levels (21, 22). Tausendfreund et al. (23) recently
provided valuable insights into the significant
variability of IGF-I levels in the elderly. Retrospectively
reviewing 246 blood tests from 89 multimorbid elderly
outpatients with a mean age of 83 not on GH
treatment, these investigators found a mean intra-
individual coefficient of variation for IGF-I of 14.7%
and high reference change values (increase 44.3%
and decrease 30.7%) indicating that IGF-I levels in the
elderly can change substantially within an individual
over time. Thus, these factors contribute to a high
degree of variability in IGF-I levels in the elderly that
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does not always reflect GH activity, making the
evaluation of disorders of GH/IGF-I axis particularly

challenging.
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Figure 2. Differences in patterns of GH secretion in younger and older women and men. There is a
marked age-related decline in GH secretion in both sexes and a loss of the night-time enhancement of
GH secretion seen during deep (slow wave) sleep. This decrease is primarily due to a reduction in GH
pulse amplitude, with little change in pulse frequency. L = large GH pulses, S = small GH pulses.
Reproduced with permission from Ho et al. 1987 (9).

www.EndoText.org 4


http://www.endotext.org/

600

1 r=0.51; p<0.0001
500

400" )
’ $a ‘e
[ ]

300+

200+

y = -1.972x + 285.616

® Men

IGF-I (ng/ml)

r = 0.67; p <0.0001

300+

200+

100+
B

y = -0.002x ot 0.402x : - 25.067x + 697.021

o Women

Age (yrs)

Figure 3. Serum IGF-l changes with age in the Baltimore Longitudinal Study of Aging. Lines represent
best fit equations, for men a first order function and for women a curvilinear third order expression. IGF-
| decreases significantly with age in both sexes Reproduced with permission from O’Connor et al. (14).

Between genders, peak GH levels are higher in
premenopausal women than in men due to reduced
hepatic GH receptor sensitivity (9, 24); therefore
higher GH secretion is required to maintain normal
circulating IGF-I levels. In women, if oral estrogen is
ingested, hepatic IGF-I synthesis is blunted resulting
in increases in GH secretion through reduced
feedback inhibition (25). When oral estrogen is
discontinued or switched to the transdermal route,

IGF-I levels increase and GH secretion is unchanged,
indicating that the route of administration is the major
determinant of the effects of exogenous estrogens on
hepatic GH receptor sensitivity (26). After menopause,
GH levels decline and become comparable with men
of similar age due to further estrogen reductions in this
phase of life (9).
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In healthy older men, previous studies have reported
that co-administration of GH and testosterone
increased muscle IGF-I gene expression without
altering body composition or muscle strength (27) but
did result in significant changes in lean body mass and
fat mass (Figure 4) (28, 33), suggesting that
testosterone acts additively with GH in reversing this
GH secretion decline. By contrast, in healthy older
women, lean body mass increased and fat mass
decreased after administration of GH, similarly in the
absence and presence of estrogen plus progestin
(33). Other mechanisms that could explain the age-
related decrease in GH secretion include decreased
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GHRH or ghrelin secretion, increased somatostatin
inhibition, increased sensitivity of somatotrophs to
negative feedback inhibition by IGF-I, and decreased
pituitary responsiveness to GHRH and hypothalamic-
pituitary responsiveness to ghrelin (29). The aging
pituitary is also less responsive to exercise, sleep, and
fasting (30). Furthermore, decreased GH secretion in
the elderly could be related to changes in lifestyle,
including decreased physical fitness and energy
intake, and decline in sleep quality (30). Therefore, it
can be surmised that the age-related decline in GH
secretion is multifactorial in etiology and is caused by
changes at and above the level of the pituitary.
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Figure 4. Co-administration of GH with testosterone is more effective in improving body composition
than with either GH or testosterone alone. Reproduced with permission from Giannoulis et al. (28).

Alterations in body composition associated with
normal aging include reductions in bone mineral
density and in muscle mass and strength, increased
body fat and adverse changes in lipid profiles (31, 32).
This decline in GH secretion is initially clinically silent,
but over time may contribute to the development of
sarcopenic obesity and frailty (Figure 5). Studies
investigating short-term GH supplementation in
healthy elderly individuals have shown modest
improvements in body composition, including reduced
visceral fat, increased lean body mass, and lower
LDL-cholesterol levels. However, these benefits did
not extend to other clinical outcomes such as bone

mineral density, balance, strength, coordination, or
endurance. Conversely, GH-treated individuals
experienced a higher incidence of adverse effects,
including soft tissue edema, arthralgias, carpal tunnel
syndrome, and glucose intolerance (27, 33, 34). Thus,
the long-term safety of GH supplementation remains
uncertain, particularly regarding the risk of cancer
development in individuals > 80 years of age. Given
these limitations and potential risks, GH
supplementation should not be considered for healthy
elderly adults without confirmation and documentation
of pathological GH deficiency (GHD).
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Figure 5. Aging is associated with bone, muscle and fat tissue deterioration leading to osteosarcopenic

obesity and its consequences.

Hypothalamic-Pituitary-Gonadal (HPG) Axis

In men, aging leads to a progressive decline in
function of the HPG axis and subsequently, gonadal
function. Testosterone levels peak at ~age 30 years,
followed by a gradual decline thereafter at a rate of
1-2% annually (12, 35) and this is a net effect of a
decreased testosterone production that is not fully
compensated by reduced metabolic clearance. While
women become infertile after menopause, fertility
decline in aging men does not necessarily involve
complete cessation of spermatogenesis (36).
Luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) rise gradually in aging men, while
gonadotropin pulsatility and total testosterone
secretion decline due to impairment of hypothalamic
gonadotropin-releasing hormone (GnRH) secretion
and reduced pulse size (Figure 6) (37). Additionally,

the pulse amplitude of LH is reduced and its efficacy
in driving testicular steroidogenesis is impaired.
Testicular volume in men > 75 years is decreased by 30%,
and the number of Sertoli cells is also reduced (38). Because
testicular response to LH stimulation is attenuated,
administration of pharmacological hCG doses is
ineffective in stimulating testosterone production in
many older men (39). Age also impairs testosterone-
mediated negative feedback on GnRH and pituitary
LH secretion, Furthermore, at the beginning of the
sixth decade of life, there is a decrease in 5a-reductase
activity despite normal testosterone levels. However,
the mechanism of how age affects local conversion of
testosterone  to  dihydrotestosterone  in  the
hypothalamus and pituitary gland remains unclear.
Conversely, sex hormone binding globulin (SHBG)
levels increase as men age (37, 40) contributing to a
disproportionate reduction in free testosterone
levels (Figure 6).
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Figure 6. Mean hormone concentrations with 95% confidence intervals (shaded area) presented in 5-
year age ranges for a cohort of 3220 men. Mean hormone concentrations with increasing age were
interpolated to approximate the age trend. Total testosterone and, disproportionately free testosterone,
were lower, and the concentrations of LH and SHBG were higher in the older age groups. Reproduced

with permission from Wu et al. (37).

Testosterone decline in aging is associated with
several consequences, such as muscle mass loss,
increased fat mass, decreased bone mineral density,
fatigue, depression, insulin resistance, decreased
libido, erectile dysfunction, diminished working
memory, decreased executive-cognitive function, and
increased cardiovascular risk (41, 42). The terms
"andropause" or "late-onset hypogonadism" are coined
to define a clinical and biochemical state occurring in
men with advancing age, characterized by symptoms
and low morning serum testosterone levels (43).
Although it is difficult to establish the correct criteria for
identifying testosterone deficiency in older men who

do not have pathological hypogonadism, late-onset
hypogonadism has been previously defined by the
presence of at least three sexual symptoms
associated and a total testosterone level < 320 ng/dL
(44). In the absence of other pituitary hormone
deficiencies, it is difficult to differentiate mild central
hypogonadism from andropause. While age-
appropriate testosterone replacement in older men
with evidence of hypopituitarism or primary
hypogonadism is recommended, the question of
whether treating normal aging males to replete
testosterone levels to “youthful” levels remains
controversial.
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On the other hand, menopause in women is the only
well-defined universal change which is a function of
aging that significantly impacts clinical changes on
bone and lipid metabolism, and neurocognitive,
cardiovascular and genitourinary systems.
Menopause begins with the depletion of the ovarian
pool of primordial follicles, with lower oocyte quality in
the remaining follicles contributing to decreased
fertility starting from the fourth decade of life onwards
(45). Conversely, FSH elevations may precede
clinical menopause by 5-10 years (46) caused by
increased secretion of GnRH, which in turn, is
regulated by several other factors, including ovarian
hormones and kisspeptin (4 7). After the marked rise
in FSH and LH levels in response to the decline in
ovarian feedback, there is a concurrent steady
decline in LH and FSH levels with age. Additionally,
decreased pituitary responsiveness to GhnRH occurs
with aging that likely contributes to the overall
decline in gonadotropin secretion. With advancing
age, when follicle availability declines, cycle
irregularity (> 7 days longer than previous cycles)
occurs that signals the onset of menopause transition,
generally at a mean age of 46 years. This is followed
by increased intervals of the menstrual cycle, including
delayed dominant follicle growth, anovulatory bleeding
and missed periods that culminates in the depletion of
ovarian follicles and the final menstrual period which
retrospectively marks the onset of menopause after 12
months of amenorrhea, generally around the age of 51
years (45).Therefore, although it is clear that the
ovary plays a primary role in the loss of reproductive
function in women, the potential contributions of the
neuroendocrine components of the reproductive axis
to the changing reproductive phenotype with aging
have to be considered (48). The resultant estrogen
deficiency  subsequently  contributes to the
development of dyslipidemia (elevations in serum total
cholesterol, LDL-cholesterol, apolipoproteins, and
triglycerides, and decreases in HDL cholesterol),
increased cardiovascular risk and events, vasomotor
instability, and cognitive disturbances in menopause
(49).

Hypothalamic-Pituitary-Adrenal (HPA) Axis

The HPA axis is involved in life-sustaining homeostatic
and allostatic adjustments to internal and external
stressors. This stress-adaptive axis is a dynamic
feedback network with circadian rhythmicity and
pulsatile neurohormone secretion (50). Older
individuals exhibit HPA axis hyperactivity to stress,
partly due to reduced negative feedback from cortisol
acting at the hippocampal level (51) and prolonged
cortisol response to exogenous adrenocorticotropin
(ACTH) administration (52). Sleep disruption is
common in the elderly and is associated with elevated
daytime cortisol levels (53). Beyond systemic
regulation, aging can increase local cortisol activity in
several tissues through the enhanced conversion of
cortisone to cortisol by the enzyme 11B-
hydroxysteroid dehydrogenase type 1 (11-HSD1). In
skin, 11B-HSD1 expression is increased with aging
which can enhance local catabolic actions without
affecting adrenal cortisol secretion (54), whereas in
muscle, 11B-HSD1 expression is increased with
decreasing strength in older individuals (55). By
contrast, although overt Cushing syndrome is rare in
the elderly, mild ACTH-independent
hypercortisolemia, often caused by adrenal adenomas
or hyperplasia, is more prevalent in the elderly due to
the increased frequency of adrenal incidentalomas
(56) and is associated with adverse outcomes such as
hypertension, glucose intolerance, cardiovascular
events, and osteoporosis (57). In contrast,
aldosterone levels show a modest decline with aging,
accompanied by a reduction in plasma renin activity,
and these changes are thought to exert minimal
physiological impact in the elderly (51). As for DHEAS
secretion, levels peak at ~ age 25 and decline
gradually with age, falling to childhood levels by age
80 in most adults (58) reflecting gradual atrophy of the
zona reticularis (59). Men tend to have higher DHEAS
concentrations than women (60). In women, more
than half of circulating testosterone is derived from 19-
carbon androgen precursors from the adrenal cortex,
including DHEA, DHEAS, and androstenedione (61),
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whereas the majority of testosterone in men is derived
from the testes throughout adult life. Therefore, age-
related decline in steroid production from the zona
reticularis exerts a greater impact in women and in
men with primary or secondary testicular dysfunction
than in normal men. Additionally, the adrenal cortex
also synthesizes 11-oxygenated androgens, notably
11B-hydroxyandrostenedione, which is metabolized
into 11-ketotestosterone (62). In women, DHEA,
DHEAS, androstenedione, and testosterone all
decline from age 30 years onwards; however, 11(3-
hydroxyandrostenedione and 11-ketotestosterone
increase slightly into the ninth decade and decline only
slightly during this age window in men (63). In most
women (63) and prepubertal children (64), 11-
ketotestosterone is the most abundant bioactive
circulating androgen and this adrenal androgen
component is preserved throughout life. Because 11-
ketotestosterone also provides negative feedback on
the HPG axis, this contribution could become
important in older men.

Hypothalamic-Pituitary-Thyroid (HPT) Axis

The HPT axis undergoes complex physiological
changes with aging. However, direct age-related
changes need to be distinguished from indirect
alterations caused by simultaneous thyroid or non-
thyroidal illness, or other physiological or
pathophysiological states whose incidence increases
with age. In an attempt to discriminate between effects
of aging per se and those of thyroidal or nonthyroidal
illness, Harman et al. (65) studied 74 healthy men from
the Baltimore Longitudinal Study on Aging that were
evenly distributed over the age range of 30-96 years.
These investigators reported that aging is associated
with subtle changes in thyroid function, including small
decreases in total thyroxine (T4) primarily due to
decreased thyroid hormone secretion and an increase
in T4 binding to proteins leading to a lower free T4
index. Thyroid hormone clearance also decreases
with aging resulting in longer half-lives of T4 and
triiodothyronine (T3) and a compensatory decrease in
the production of new thyroid hormones (66, 67),

leading to unchanged net total and free serum T4
levels (68). The thyroid gland itself may also lose its
responsiveness to TSH stimulation, resulting in the
reduced production of T4 and T3 (69). A possible
explanation for this observation is that the aging
process itself results in decreased thyroid volume
secondary to atrophy and fibrosis (70). Serum total
and free T3 levels also decline with aging due to
reduced peripheral conversion of T4 to T3 secondary
to either the direct effect of aging itself or non-thyroidal
illness (71), thus allowing for slower metabolism and
maintenance of T4 levels at the expense of T3 levels
(69). Conversely, TSH levels tend to increase in
elderly apparently euthyroid patients, even in
individuals without any history of thyroidal illness and
with concurrently negative antithyroid antibody levels
(72). While the exact mechanisms behind this age-
related increase in TSH remains unknown, proposed
age-related mechanisms for this change include
increased production of TSH molecules with reduced
biologic activity due to alterations in thyrotroph post-
translational processing of TSH (69), decreased
sensitivity of thyrotrophs to negative feedback from
circulating thyroid hormone (73), and/or development
of TSH resistance by the thyroid gland (73). Increased
detection of thyroid autoantibodies have been
reported with advancing age, which may explain the
increased incidence of primary hypothyroidism in the
elderly caused by chronic autoimmune thyroiditis (74).
Additional factors complicating the relationship
between thyroid hormone levels and aging include the
presence of comorbid diseases in the elderly including
hypertension, heart failure, liver failure, and kidney
failure. As thyroid hormone metabolism relies in part
on the liver and kidneys (75), if either of these organ
systems are impaired, it can further affect the
clearance of thyroid hormone. Decreased iodine
intake from dietary salt restriction (76) and age-related
decrease in gastrointestinal iodine absorption (77)
predisposes elderly patients to iodine deficiency that
can contribute to the development of hypothyroidism
(78). Additionally, blunted circadian fluctuations in
TSH levels and diminished TSH responses to TRH
stimulation have been reported in elderly males (79,
80) suggesting the presence of an age-related
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diminution in pituitary thyrotropic function.

Prolactin Regulation and Secretion

Prolactin regulation is primarily controlled by
dopamine, which is tonically released by hypothalamic
neurons and inhibits prolactin secretion via D2
receptors on the lactotrophs. The secretion of prolactin
is approximately 50% in pulses and 50% tonically.
Both modes of secretion show 24-hour rhythmicity
with greater output at night than daytime (81).In
individuals < 50 years, prolactin levels are higher in
women than men (82). Across the menstrual cycle,
prolactin levels vary slightly, with higher levels during
the luteal phase and highest levels occurring during
either the ovulatory or luteal phases (83). However, a
distinct mid-cycle prolactin surge coinciding with the

LH peak has not been consistently observed likely due
to the pulsatile nature of prolactin release
overshadowing any transient increases (84). Prolactin
also plays a key inhibitory role in the HPG axis by
suppressing kisspeptin-1 secretion with advancing
age, which normally stimulates GnRH (85). Through
this mechanism, elevated prolactin can impair fertility
and reproductive hormone production. Following
menopause, nocturnal prolactin secretion declines by
approximately 40% because of decreased estrogen
levels (86), whereas aging men experience more
modest prolactin reductions (Figure 7)
(87). Additionally, TRH-stimulated prolactin release
diminishes with age (88, 89). Other mechanisms
involved in the changes in prolactin secretion during
aging include increased dopamine inhibition, reduced
prolactin releasing-factor stimulation and/or increased
adipokine inhibition of lactotropes (87).
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Figure 7. Serum prolactin levels determined by sampling every 2.5 min overnight in young and older
healthy men. Reproduced with permission from Iranmanesh et al. (87).

In women with polycystic ovary syndrome, Albu et al.
(90) demonstrated that lower prolactin levels

correlated with insulin resistance and poorer metabolic

profiles, implicating the role of prolactin in adiposity
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and glucose regulation. In comparison, elevated
prolactin levels are observed in individuals with
depression and associated with anxiety, hostility,
somatization, psychotic symptoms, and heart rate
(91). Patients with Parkinson’s disease treated with
dopamine agonists exhibit reduced prolactin levels.
Given the increased prevalence of Parkinson’s
disease with aging (92) and the frequent use of
antipsychotic medications in older adults (93), careful
medication history is essential when evaluating
prolactin levels in these populations.

Sodium and Water Homeostasis

Aging causes distinct physiological changes that
disrupt normal water homeostasis at multiple
regulatory points. The net effect is a loss of
homeostatic reserve, rendering older individuals
susceptible to both pathological and iatrogenic

disturbances in water homeostasis (94). Older
individuals exhibit decreased thirst sensation and
drinking response to thirst when plasma osmolality
rises (Figure 8) (95). This deficit likely results from the
reduced activity in the neural pathways that relay
osmotic signals to higher cortical centers responsible
for the thirst perception and from which the thirst-
activated drinking responses arise (96). Some studies
suggest this impairment may even be attributed to a
higher osmotic threshold needed to trigger thirst in
older individuals (97). Additionally, baroreceptor-
mediated regulation of thirst is altered with age,
whereby plasma volume expansion fails to generate
sufficient suppression of thirst found in the young (98).
The loss of appropriate thirst responses to both
osmotic and volume stimuli hinder the critical
compensatory mechanisms to trigger fluid intake in the
face of hyperosmolality to replace lost body fluid, thus
undermining a key physiological defense against
dehydration.
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Figure 8. Plasma sodium and total water intake in healthy older and younger subjects following 24 hours
of dehydration. Baseline sodium concentrations before and after dehydration are shown. Free access to
water was allowed for 60 minutes following dehydration starting at time = 0 minutes. Cumulative water
intake during the free drinking period by young and old subjects is depicted in the bar graph. Despite a
greater initial increase in serum sodium, older participants drank less water with less correction of the
elevated serum sodium. Reproduced with permission from Phillips et al. (95).
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Renal function also declines with age, including a
reduction in glomerular filtration rate and a loss of
maximal urinary concentrating capacity (99). These
changes impair the ability of the kidneys to conserve
free water, increasing the risk of body water deficits,
hyperosmolality, and hypovolemia. When coupled with
an impaired thirst drive, this decline in renal function
contributes to the increased incidence of
hypernatremia observed in older adults (100).

Aging is also associated with a reduced ability to
excrete excess water mainly attributed to reduced
age-related glomerular filtration rate and decreased
intrarenal generation of prostaglandins (101).
Furthermore, a higher sensitivity to osmotic stimuli
may be observed with advancing age given that the
relatively rare idiopathic syndrome of inappropriate
antidiuresis (SIAD) is more frequently observed in the
elderly (101). The frequent reduction in protein intake
in this population impairs water excretion that may
contribute to the development of hyponatremia (102).
This, in turn, increases the susceptibility to volume
overload, especially in the context of pre-existing
comorbidities like heart failure and cirrhosis, which are
more prevalent in older populations. Their
compromised ability to eliminate excess fluid places
them at higher risk for developing hypo-osmolar
hyponatremia.

Among the most intriguing aspects of age-related
changes in water homeostasis is the regulation of
arginine vasopressin (AVP) and its AVP-mediated
effects on renal and vascular targets being more
pronounced in males than in females (103). While
many endocrine functions decline with aging, basal
AVP secretion is maintained or even increased in
older adults, with males tending to have higher AVP
levels than females (104). Additionally, osmoreceptor
sensitivity governing AVP secretion in response to
plasma osmolality appears to be increased (105). It is
likely that the enhanced secretion of AVP and inability
to suppress AVP secretion during fluid intake (96),
coupled with decreased free water excretion (106),

increases the risk of hypo-osmolar hyponatremia in
older individuals. Therefore, aging alters the regulation
of water homeostasis through changes in thirst
perception, renal concentrating and diluting ability,
and AVP secretion that compromise the ability to
respond appropriately to both fluid loss and fluid
excess.

DISEASES OF THE HYPOTHALAMIC-PITUITARY
AXIS IN THE ELDERLY

Non-Functioning Pituitary Adenomas (NFPAs)

The number of elderly patients detected with pituitary
adenomas is now increasing (107) as the population
is living to an older age (108) and the increasing
accessibility of magnetic resonance imaging (MRI).
Among these, NFPAs are the commonest subtype,
accounting for up to 70% of cases in individuals aged
> 65 years (109, 110), and tend to be discovered as
slow-growing micro-incidentalomas (111). Mass effect
symptoms (e.g., headache and visual impairment) are
the most frequently reported symptoms (112).
Notably, elderly patients experience longer symptom
duration and are more likely to be misdiagnosed at
their initial visit (109). Older patients with NFPAs tend
to present more frequently with chronic comorbidities,
less frequently with hormone-secreting effects, and
tumors that are larger in size without a significant
increase in invasiveness compared to younger
patients (112). Chronic comorbidities are more
prevalent (109), and a higher Charlson index is
observed in elderly patients associated with increased
in-hospital mortality after undergoing pituitary surgery
(113).

Despite concerns about age-related risks, studies
have shown that tumor resection outcome rates in the
elderly are comparable to those in younger patients
(109, 114-118), with similar rates of postoperative
visual improvement (71-100%) (115, 118-120).
However, recovery from preoperative hypopituitarism
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after pituitary surgery for NFPAs is less favorable in
the elderly (34, 120, 121). Nonetheless, pituitary
surgery in the elderly overall carries a low risk of
morbidity and mortality (117, 120, 121), but the risk of
complications (e.g., cerebrospinal fluid leakage,
postoperative hematoma, and postoperative water
and electrolyte disturbances) (115, 117, 122, 123), in-
patient mortality, and hospital stay duration tends to
increase with advancing age (109, 115, 123).
Moreover, if frailty is present, postoperative elderly
patients may experience higher rates of medical
complications resulting in longer hospital stays,
greater hospitalization costs, higher rates of
unplanned readmission, and more discharges to a
destination other than home (124), indicating that
frailty is an important indicator of perioperative risk.

Intriguingly, the rate of tumor recurrence in elderly
patients is lower than that in younger patients (118,
125). Zhan et al. demonstrated that the rate of
recurrence in elderly patients (= 65 years of age) with
NFPA (7.0%) was lower than in younger patients (40—
55 years of age) (15.5%) (118), which may be
attributed to the 2-fold greater tumor volume doubling
time of residual NFPAs in elderly patients (=61 years
of age) than that in younger patients (<61 years of
age) (126). Additionally, age is negatively associated
with the immunohistochemical expression of pituitary
tumor transforming gene in pituitary adenomas, a
marker associated with tumor regrowth and
recurrence (127).

The indications for either microscopic or endoscopic
surgery for NFPAs are generally consistent across all
age groups (117-119, 121, 125) and has been
reported to be safe and effective (117, 128). However,
due to the higher risk of perioperative complications
and mortality in elderly patients, pituitary surgeries in
the elderly should only be performed by experienced
neurosurgeons at higher-volume centers (117, 128).

Pituitary surgery should not be recommended for
elderly patients with NFPAs and hypopituitarism
alone, instead, should be reserved for patients
presenting with symptoms due to mass effects (e.g.,
visual impairment) or evidence of rapid tumor growth
(128). For elderly patients with high surgical risk or
tumors with no mass effect on the optic chiasm,
conservative management with regular MRI
surveillance is plausible.

Hypopituitarism

Hypopituitarism in the elderly can be caused by
“tumoral” causes, of which can be subdivided into
pituitary and non-pituitary tumors (< 10% of cases),
and “non-tumoral” causes (129) (Table 2). For tumoral
causes, pituitary macroadenomas are the most
frequent cause. Unlike younger patients, where
prolactinomas make up the majority of pituitary
tumors, the majority of pituitary tumors in the elderly
are NFPAs with higher rates of compressive
symptoms (e.g., headaches and visual field defects)
and hypopituitarism before and after surgery (109,
110). The development of hypopituitarism related to
macroadenomas are secondary to the local
compressive effects on the pituitary stalk resulting in
decreased availability of hypothalamic hormones,
compression and/or destruction of functioning pituitary
tissue, and hypothalamic involvement by the pituitary
tumor. Hypopituitarism is manifested by the typical
sequence of growth hormone deficiency (GHD) being
affected first, followed by gonadotropin, ACTH, and
thyrotropin (TSH) deficiencies. Mild to moderate
hyperprolactinemia can also occur due to pituitary
stalk compression (“the stalk effect”). However, the
diagnosis of hyperprolactinemia may be under-
recognized because of lack of menstrual periods in
women and frequently low testosterone levels in men
that may be misinterpreted as being age-related.
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Table 2. Causes of Hypopituitarism in the Elderly

Neoplastic Infiltrative/inflammatory diseases
Pituitary adenoma Hypophysitis

Metastases Hypothalamitis

Meningioma Sarcoidosis

Craniopharyngioma Hemochromatosis

Glioma Granulomatosis with polyangiitis
Chordoma Langerhans cell histiocytosis
Rathke’s cleft cyst

Germinoma

Lymphoma

latrogenic Vascular

Surgery Subarachnoid hemorrhage
Radiation Pituitary apoplexy

Medications (immune checkpoint inhibitors, Ischemic stroke

opioids) Intrasellar aneurysm

Infections Traumatic brain injury
Meningitis (bacterial, viral, fungal) Empty sella

Tuberculosis Idiopathic

In elderly patients, the finding of a pituitary lesion on
magnetic resonance imaging studies should alert for
the possibility of a metastatic lesion from breast, lung,
prostate, and colorectal cancers. In such patients,
there may be a history of malignancy and symptoms
of polydipsia and polyuria because of AVP-deficiency
(130). Other less common “tumoral” causes of
hypopituitarism in the elderly include meningiomas,
craniopharyngiomas, gliomas, chordomas,
germinomas, and Rathke’s cleft cysts (131).
Additionally, the associated treatment by surgery
and/or radiation to the pituitary tumor can also cause
hypopituitarism (131).

As for “non-tumoral” causes, empty sella, traumatic
brain injury, ischemic stroke, and aneurysmal
subarachnoid bleeding are some examples (131).
Rarely autoimmune hypophysitis (including immune

checkpoint inhibitor-induced hypophysitis) (132),
pituitary apoplexy (especially in patients on
anticoagulant  therapy) (133), or previously

undiagnosed pre-existing pituitary adenomas can also
cause hypopituitarism. In the elderly, some

medications are taken more frequently to treat acute
or chronic diseases (e.g., opioids, glucocorticoids, and
anti-depressants) that may result in hormonal
alterations and thus interfere and pose diagnostic
challenges in these patients.

Growth Hormone Deficiency

Adult GHD (AGHD) is a clinical entity characterized by
pathologically lower GH levels than the physiological
decline in GH and IGF-I levels associated with aging
(134, 135). Because patients with AGHD often present
with non-specific signs and symptoms that overlap
with aging, including increased central adiposity,
decreased physical and mental performance,
decreased bone mineral density, impaired quality of
life and social withdrawal (131), the diagnosis may be
under-recognized. Previous studies have shown that
GH replacement reverses many, but not all of these
alterations (131), and that it is safe and durable in the
short and long-term (131, 136). However, there is
currently no accepted consensus on the identification
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of elderly AGHD as an entity for which GH
replacement is recommended, as data on the real
impact of GH replacement in reducing cardiovascular
morbidity and mortality in elderly AGHD patients is still
lacking (137). Additionally, it is unclear whether GH
therapy should be continued indefinitely in older
patients already undergoing treatment, or if it should
be discontinued upon reaching very old age (e.g. > 85
years). An important concern in older adults is the
increased potential for adverse outcomes related to
GH replacement, including risks of inducing
malignancy, cellular senescence, telomere
shortening, and the onset or worsening of DM.

DIAGNOSIS OF ELDERLY GHD

Low IGF-I levels support the diagnosis of GHD,
whereas normal IGF-I levels do not reliably exclude
the diagnosis in the elderly (131), as up to 40% of
patients over 60 years with GHD present with normal
IGF-I values compared with only 4% in those between
20 and 39 years (131, 138). The observed pattern is
explained by the age-related decline of IGF-I in
healthy individuals and the age-independent IGF-I
levels in patients with GHD (131). Thus, the diagnosis
of elderly AGHD often requires confirmation with GH
stimulation tests (131). The exception is in patients
with a structural brain defect, pre-existing
hypopituitarism (coexistence of = 3 pituitary hormone
deficits), and low serum IGF-I SDS (< -2.0 SDS),
where it is sufficient to confirm the diagnosis without
undergoing GH stimulation testing (131). Other
patients will require GH stimulation testing, with the
need to proceed to one, sometimes two, GH
stimulation tests (131). Current guidelines recommend
first determining the probability of hypopituitarism and
optimally treating any pituitary hormonal deficiencies
first before testing for AGHD (131). For elderly GHD,
the decision to perform diagnostic testing for AGHD
should be corroborated by a strong pre-test probability
to avoid false positive results (139). Furthermore,
interpreting the results of GH stimulation tests may be
challenging due to the variability in response of GH
stimulation tests available (135), given the fact that

these tests lack age-adjusted cut-offs (131). The two
available tests for the diagnosis of GHD in the United
States are the insulin tolerance test (ITT) and the
glucagon stimulation test (GST). However, the ITT is
contraindicated in the elderly (140), whereas the GST
needs to be conducted with close medical supervision
in the elderly. This test is not without its caveats in the
elderly as Tavares et al. (141) demonstrated that
21.4% of elderly patients who underwent the GST
reported adverse events, including 4 patients with
severe symptomatic hypotension, dizziness, and
sweating. The GHRH plus arginine stimulation test
seems to offer the best accuracy/safety ratio in elderly
patients, but the effect of body mass index (BMI) is
unclear. Moreover, this test cannot be performed in
the United States as because the sole manufacturer of
the necessary recombinant GHRH analog (Geref@)
discontinued its production in 2008 (142). Conversely,
the utility of the macimorelin test, which is a simple,
accurate, well-tolerated, reproducible, and safe test
(143-145), has not been studied in patients > 66 years
of age and should be used with caution in patients with
pro-arrhythmic manifestations. Unfortunately, this test
is also not available in many countries, including the
United States, and when it was available in the United
States, was limited in its use because of cost reasons
(142).

TREATMENT OF ELDERLY GHD

Although GH replacement improves most metabolic
and psychological abnormalities in adults with GHD
(131), specific studies of these effects in elderly
patients are lacking. From a pragmatic standpoint, we
recommend starting GH at low doses of 0.1 to 0.2
mg/day in the elderly, and up titrating the dose based
on clinical response and side-effects (131). Because
elderly patients are more sensitive to GH effects, it is
important to perform periodic monitoring of clinical
benefits and adverse events. Side-effects in the
elderly consist mainly of fluid retention and worsening
of insulin resistance that must be closely monitored
and generally resolve with dose reductions or
discontinuation of GH therapy (131).
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Similar to AGHD, the goals of treatment in elderly GHD
are clinical response, attainment of IGF-l levels
between -2 and +2 SD (146) and minimization or
avoidance of side-effects (147). Toogood et al.
reported that the majority of elderly GHD patients
maintained IGF-| levels at goal on a dose of 0.33
mg/day (148). Follow-up intervals in treated patients
are initially 1 or 2 months; the up-titration of GH dose
is carried out with small increments of 0.1 to 0.2
mg/day, based on the clinical response, IGF-I levels,
occurrence  of  side-effects, and individual
considerations. Shorter follow-up intervals and smaller
dose increments may be needed, especially for those
patients with other comorbidities such as DM and
prediabetes (131). Once maintenance GH dose is
achieved, follow-up intervals can be increased to 6 to
12 months. During follow-up, the several parameters
that need to be evaluated include IGF-I, fasting
glucose, hemoglobin A1c, lipid profile, BMI, waist
circumference and waist-to-hip ratio, while thyroid,
glucocorticoid and sex hormone requirements may
need to be adjusted due to possible effects of GH
interactions with these hormones (131). Despite
studies demonstrating the safety of long-term GH
therapy in AGHD patients, the possibility of
malignancy in the elderly should be borne in mind and
the presence of any active neoplasia should prompt
the discontinuation of GH replacement in this
population. Potential adverse effects of long-term GH
replacement therapy on senescence and telomere
shortening are theoretical safety concerns in elderly
individuals and have not been assessed after the
eighth decade of life in any reported study.
Reassuringly, current evidence have not shown an
association between GH replacement and primary
tumor or cancer recurrence; hence we propose
considering GH therapy in the elderly to be based on
each individual's circumstance (149, 150).

ACTH Deficiency

Undiagnosed central adrenal insufficiency (CAl) is a
potentially life-threatening condition, and prompt

diagnosis and replacement therapy is essential. In
elderly patients, isolated ACTH deficiency is rare,
unless caused by prolonged exposure to exogenous
oral, parenteral, or even inhaled glucocorticoid
therapies. Therefore, CAl in elderly patients is mainly
caused by conditions that could result in the
development of hypopituitarism (Table 2). Specifically,
CAl has been reported in up to 30% in patients with
pituitary adenoma undergoing surgery (151) and in
12-68% of patients after pituitary or cranial irradiation
(152). The expansion of immune checkpoint
inhibitors in treating various cancer subtypes (153)
has led to an increase in immune-related adverse
events, and is now recognized as an important cause
of isolated ACTH deficiency in the elderly (154).

Glucocorticoid use is relatively common in the elderly
due to the high prevalence of inflammatory, immune-
mediated, pulmonology and neoplastic diseases (155,
156). These individuals are particularly susceptible to
CAl, especially if the medication is stopped suddenly.
Obtaining a careful history of use of synthetic
glucocorticoids is helpful to arrive at the diagnosis,
with high doses, longer duration of treatment, and use
of long-acting glucocorticoids giving the highest risk.
Diagnosis of CAl is based on laboratory evaluation,
and the diagnostic approach is similar for both isolated
and non-isolated forms. In elderly patients, the
diagnosis of CAl is often challenging due to factors
such as polypharmacy, the presence of multiple
comorbidities, interferences related to the use of
concurrent medical therapies, and the lack of
cortisol or ACTH cut-offs specific to older adults or
chronically ill populations. Under normal physiological
conditions, severe stress such as that induced by
critical illness should lead to an increase in ACTH and
cortisol secretion due to central activation of the HPA
axis (157). Nevertheless, in hospitalized patients with
critical illness, studies have observed a transient
suppression of the HPA axis that occurs
independently of any organic pituitary disorder (158).
For example, in patients with septic shock, a form of
relative adrenal insufficiency has been described
(159), with ACTH levels often found to be mostly low
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to low-normal levels (160). If hepatic cirrhosis is
present, this might further complicate the assessment
of adrenal function. In these patients, adrenal cortisol
secretion is impaired due to reduced levels of total
cholesterol, and ACTH secretion is suppressed by
elevated levels of circulating proinflammatory
cytokines. Furthermore, serum cortisol measurements
may appear falsely low due to decreased levels of
albumin and cortisol-binding globulin (161).

The initial step in making the diagnosis of CAl involves
measuring morning serum cortisol levels along with
ACTH. A low morning cortisol level with an
inappropriately low or normal ACTH level suggests
CAI (147). Based on the Endocrine Society guidelines,
a morning cortisol level < 3 mcg/ dL is suggestive for
adrenal insufficiency, while levels > 15 mcg/dL
exclude the diagnosis (147). Prete et al. (162)
proposed to consider the diagnosis with morning
cortisol levels < 3.6 mcg/dL and the diagnosis being
less likely for morning cortisol levels > 12.7 mcg/dL.
Giordano et al. (163) demonstrated that in normal
elderly subjects (age 63-75 years), the cortisol
response to ACTH was preserved after supramaximal
(250 pg) and submaximal (0.5 pg) doses, but was
absent after administration of a very low ACTH dose
(0.06 ug), in agreement with other studies of a
possible reduced sensitivity to ACTH stimulation of the
adrenal fasciculata zone occurring with aging (164).
Le et al. (52) investigated the cortisol response to
ACTH 250 ug in a cohort of 51 women aged 85-96
years and demonstrated similar pre-ACTH stimulation
levels of cortisol among frail, pre-frail, and non-frail
participants, and after ACTH administration, a
prolonged cortisol response to the stimulus was
shown, suggesting an inadequate negative feedback.
These data imply an exaggerated cortisol response to
the ACTH stimulus in aging or, alternatively,
mechanisms related to diminished ACTH metabolism
or cortisol clearance. Additionally, it is important that
clinicians are aware of the type of assay when
interpreting serum cortisol results, given that modern
monoclonal antibodies-based assays tend to read 20-
30% lower than older assays (165). If the morning

cortisol level alone is insufficient to make the diagnosis
of adrenal insufficiency, then performing the ACTH
stimulation test is required. While the standard 250 nug
dose of synthetic ACTH (ACTH 1-24) is accepted for
diagnosing adrenal insufficiency, the utility of the low-
dose 1 ug ACTH test has been suggested as the more
sensitive test by some investigators for assessing CAl.
However, there is no clear consensus on which test is
superior, and current guidelines do not provide
definitive recommendations regarding which test to
use (147). However, the low-dose ACTH stimulation
test is difficult to perform due to the lack of
commercially available low-dose Cosyntropin analogs,
which makes accurate dilution and dosing challenging
(166). The accuracy of the ACTH stimulation test is
also influenced by the methods used to measure
serum cortisol levels. Earlier studies were based on
traditional immunoassays using polyclonal antibodies,
which tended to overestimate cortisol concentrations.
More recently, assays using liquid chromatography-
tandem mass spectrometry (LC-MS/MS) and
monoclonal antibodies have been developed, offering
greater specificity and accuracy, and lower cortisol
cut-offs have been proposed using these newer
assays for both basal and stimulated cortisol levels
(165). Another caveat about the ACTH stimulation test
is that the diagnostic value of this test in patients with
suspected CAIl lies in the assumption that chronic
ACTH deficiency has resulted in adrenal atrophy, and
a consequent impaired response to stimulation by
Cosyntropin analogs (147). Alternative but less
frequently used provocative tests to the ACTH
stimulation test have been utilized, including the
insulin tolerance test, glucagon stimulation test and
overnight metyrapone stimulation test. The insulin
tolerance test can assess the HPA function as
hypoglycemia is a potent stimulus for cortisol release.
However, this test is unpleasant and contraindicated
in the elderly and in individuals with a history of
seizures or cardiovascular or cerebrovascular
disease, for the risk-related hypoglycemia. The
glucagon stimulation test is another provocative test
that can be utilized but the side-effects reported in
older individuals, such as nausea, vomiting,
hypotension, sweating and dizziness (141), and
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debatable cortisol cut-offs makes this test less
attractive in the elderly. The metyrapone stimulation
test can assess HPA function as the test is based upon
the principle that metyrapone inhibits the conversion
of 11-deoxycortisol to cortisol, with the resultant
decrease in serum cortisol levels followed by an
increase in ACTH secretion and the immediate
precursor of cortisol, 11-deoxycortisol. If the HPA axis
fails to respond appropriately to the decreased
glucocorticoid feedback, then subnormal increases in
11-deoxycortisol will be observed (167). Compared
with the insulin tolerance test, the metyrapone
stimulation test is considered more physiological, with
fewer adverse side-effects. However, the use of this
test is limited as metyrapone is not accessible in many
countries and measurements of 11-deoxycortisol in
blood and urine are also not widely available.

Treatment of CAl involves glucocorticoid replacement
therapy aimed at mimicking the natural circadian
rhythm of cortisol secretion. Unlike primary adrenal
insufficiency, fludrocortisone is not required in CAl
because the renin-angiotensin-aldosterone axis is
preserved. Short-acting glucocorticoids, such as
hydrocortisone and cortisone acetate, are preferred
due to better physiological alignment. Traditional
replacement doses, such as 30 mg/day of
hydrocortisone, are excessive (168) since patients
with CAl retain some residual HPA axis function and
hence, have lower cortisol needs than those with
primary adrenal insufficiency. Other factors can also
affect glucocorticoid dosing, including growth hormone
deficiency, which can reduce cortisol clearance by
upregulating 11B-HSD1 activity (169) and older age
that is associated to increased expression of 11pB-
HSD1 in skin, brain, and muscle (170, 171), thus
resulting in lower glucocorticoid requirements in older
patients. While no specific recommendations have
been provided for elderly patients by any consensus
guidelines, it is reasonable to use the lowest possible
glucocorticoid dose to maintain well-being and avoid
overtreatment. The standard hydrocortisone regimen
is 15—20 mg per day, split into two or three doses, with
the highest dose (half or two-thirds of the total daily

dose) taken in the morning and subsequent doses
taken either in the early afternoon (2 h after lunch; two-
dose regimen) or at lunch and afternoon (three-dose
regimen) at least 6 hours before bedtime to reduce the
risk of sleep disturbances (147). There are now two
different extended-release hydrocortisone
formulations (Plenadren once-daily dosing and
Efmody twice-daily dosing) that have been developed,
allowing closer mimicking of circadian secretion of
cortisol serum profile to improve quality of life and
metabolic profiles of patients with adrenal
insufficiency (172). Plenadren and Efmody were
approved for adrenal insufficiency in 2011 and
congenital adrenal hyperplasia in 2021 in Europe
(172); however neither formulation is currently
approved in the United States.

In elderly patients with hypopituitarism with
concurrent CAl, central hypothyroidism (CH) and
GHD, these particular considerations should be
made for these patients. In these patients,
glucocorticoids  should be started before
levothyroxine therapy is commenced, and only when
these two hormones are optimally replaced should GH
replacement be considered. As CAl may mask the
presence of partial AVP deficiency, it is important to
monitor for the development of symptomatic polyuria
after starting glucocorticoid replacement therapy
(147). For patients with CAl on GH replacement
therapy, higher glucocorticoid doses may be
needed because of the inhibitory effects of GH on
the 11 beta-HSDI activity (173). Polypharmacy in
elderly patients is common and possible
interference of other drugs on glucocorticoid
metabolism must be considered. Co-administration
of drugs acting on CYP3A activity can interfere
with glucocorticoid metabolism, causing increased
glucocorticoid requirement (e.g., carbamazepine,
phenytoin and rifampicin) or, conversely, increased
glucocorticoid  exposure (e.g., the azole
antimycotics ketoconazole and
itraconazole, macrolide antibiotics and calcium-
channel antagonists) leading to glucocorticoid excess
toxicity. Patients with glucocorticoid-induced CAI
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require the dosing to be tapered gradually to
physiologic doses before further evaluation to test
functional recovery of the HPA axis can be
performed (162). Because there are no validated
biomarkers to accurately assess the adequacy of
glucocorticoid replacement, one must rely on
evaluation of well-being, weight, physical
examination to detect excess glucocorticoid features
such as facial plethora, dorsocervical fat
accumulation, skin thinning, and abdominal
obesity. Fasting glucose and hemoglobin A1c levels
can be used as indirect measures of adequate
glucocorticoid replacement therapy. However, in
elderly patients, evaluating these parameters can be
difficult as the presence of age-related conditions like
DM and hypertension may confound the interpretation
of glucose and blood pressure readings, and physical
examination findings may be subtle or masked.
Additionally, clinicians should educate patients and
caregivers about the importance of stress dosing
with glucocorticoid administration during illness or
surgery and ensure that they wear medical alert
identification to inform healthcare providers of their
dependence on  glucocorticoid therapy in
emergencies.

Adrenal crisis is the most severe acute manifestation
of adrenal insufficiency resulting in hypotension and
hypoglycemia, with increased risk of cardiovascular
events, acute renal injury and possibly death. Adults
> 60 years are at the highest risk of adrenal crises and
infection, falls and fractures are the most common
precipitating factors of adrenal crisis (174). Rarely,
concomitant therapies with CYP3A4 inducers (e.g.,
carbamazepine, phenytoin and rifampicin) can also
enhance the metabolism of  synthetic
glucocorticoids, causing the induction of adrenal
crisis. Emergent treatment of an adrenal crisis in the
elderly is similar to that of younger patients, with
parenteral hydrocortisone 100 mg bolus, followed
by intravenous (or intramuscular) boluses every 6
hours with subsequent dose reductions based on
clinical response (174).

Gonadotropin Deficiency in Men

Central hypogonadism in aging men can present with
symptoms such as low libido, erectile dysfunction,
cognitive decline, depression, fatigue, osteoporosis,
and loss of muscle mass and strength. Diagnostic
work up starts with a morning, fasting serum
testosterone measurement, considering that in elderly
men, testosterone levels decrease between 15 and
20% over the course of 24 hours (175). Factors such
as illness (acute and chronic), certain medications,
food intake, weight gain and insufficient sleep can
lower testosterone levels that potentially can be
reversed when these factors are removed or resolved
(176, 177). While LC-MS/MS is the most accurate
testing method for total T, this method is not
universally available, and many laboratories use
standardized immunoassays, which can show high
correlation with LC-MS/MS within the adult male
testosterone range, although the accuracy is lower for
the hypogonadal range (178).

In some cases, total testosterone may appear normal
despite clinical signs of hypogonadism due to elevated
sex hormone-binding globulin (SHBG), which
increases with age and in conditions such as HIV, liver
disease, hyperthyroidism, or use of anticonvulsants
(phenobarbital, phenytoin, carbamazepine, valproate)
(179). If testosterone is borderline low and symptoms
are present, SHBG should be measured to calculate
free testosterone. Direct measurements of free
testosterone via equilibrium dialysis or ultrafiltration
can be performed but are not widely available, while
radioimmunoassays for free testosterone are
unreliable. Nevertheless, hypogonadism is unlikely
with total testosterone levels > 350 ng/dL, and more
likely in patients with testosterone levels <231 ng/dL
(180).

Central hypogonadism in older men is established by
inappropriately low or low-normal LH and FSH levels.
Prolactin  should also be assessed, as
hyperprolactinemia can suppress gonadotropin-
releasing hormone and testosterone pulsatility (181).
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Differentiating between "andropause" and central
hypogonadism can be challenging because both can
present with similar hormonal profiles. However, the
presence of additional pituitary hormone deficiencies
or known hypothalamic-pituitary disease supports the
diagnosis of central hypogonadism.

In elderly men, it is important to consider an
appropriate risk-to-benefit ratio before starting
testosterone treatment in symptomatic patients (182).
Benefits of treatment in elderly men include improving
well-being and sexual performance, maintaining bone
mineral density, increasing muscle mass and
improving quality of life and cognitive function (182).
Although testosterone has been shown to produce
anabolic effects in young and middle-aged men with
hypogonadism, the data in elderly men remain limited.
A significant increase in lean body mass in older
people treated with testosterone for hypogonadism
has been reported, despite biases in the selection of
the patients (183, 184). The most important benefits
of testosterone replacement therapy have been
reported in mobility, increased bone mineral density
and improvement of anthropometric measurements
(182). Different testosterone formulations can be
used, depending on the patient's preferences, local
availability and insurance coverage. Transdermal
systems of testosterone are potentially more
appropriate for elderly men for quick adaption and
avoidance of supraphysiological testosterone levels
(180). An important side effect of testosterone gel
treatment is the possibility of cross-transfer during
contact with the skin's surface. Therefore, to limit this
inconvenience, a higher testosterone concentration
preparation (1.6%-2.0%) may be preferred, as these
preparations may allow lesser amounts of gel
applied, thereby limiting the transfer risk. The
adequacy of the therapy is confirmed by the
improvement of clinical symptoms and of serum
testosterone levels. In elderly men, it is reasonable to
maintain circulating testosterone levels in the lower
quartile of the normal range (180), and to monitor
safety aspects of therapy such as prostate-specific
antigen (PSA) and hematocrit, as testosterone

therapy may result in prostatic hyperplasia but no
excess cases of prostate cancer have been detected,
and can induce erythropoiesis (185, 186).

There has been some controversy regarding
testosterone replacement therapy and cardiovascular
safety in hypogonadal men. Some observational
studies have shown that testosterone increases the
risk, others have reported a neutral effect (187). In a
large retrospective study (n = 544,115) by Layton et
al. (188), those treated with intramuscular
testosterone had higher risk of cardiovascular events
(1.26) and death (1.34) but not in those treated with
testosterone gel or patch. Randomized ftrials further
complicate the picture. While the Testosterone in
Older Men with Mobility Limitations trial (TOM trial)
reported more cardiovascular events with high-dose
testosterone gel in older men with pre-existing
cardiovascular conditions (189), another similar trial
using lower doses of testosterone gel found no such
increase (190). In randomized trial by Basaria et al.
(191), no significant difference in atherosclerosis
markers after 3 years of testosterone gel were
observed, yet another randomized trial by Budoff et al.
(192) demonstrated a greater increase in noncalcified
plaque volume with testosterone treatment but no
differences in the progression of coronary calcium
scores. Despite these varied individual study
outcomes, most meta-analyses of randomized clinical
trials generally conclude no statistically significant
increase in cardiovascular events with testosterone
replacement therapy (193-198). Notably, one meta-
analysis did highlight a significant increase in
cardiovascular risk specifically with oral testosterone,
while intramuscular and transcutaneous (gel or patch)
deliveries did not show this elevation (199). Therefore,
while evidence regarding specific formulations and
dosages warrants careful consideration, particularly
concerning oral testosterone and high-dose
testosterone regimens, the consensus from meta-
analyses of diverse testosterone replacement therapy
methods points towards a generally neutral effect on
cardiovascular risk.
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To further evaluate the effect of testosterone
replacement therapy on cardiovascular disease, a
large, randomized outcome trial like the Women’s
Health Initiative is required. To attempt to answer this
question, the TRAVERSE study ("Testosterone
Replacement Therapy for Assessment of Long-term
Vascular Events and Efficacy ResponSE in
Hypogonadal Men") was conducted that assessed
hypogonadal men with pre-existing or a high risk of
cardiovascular disease (200). This study found that
testosterone therapy was non-inferior to placebo for
the primary cardiovascular safety endpoint and no
increased risk of prostate cancer, though some
secondary endpoints showed increased rates of other
events like atrial fibrillation, acute kidney injury, and
pulmonary embolism in the testosterone-treated group
(201). While these data are helpful and reassuring, it
has several potential flaws that prevent it from being
definitive, specifically its relatively small number of
patients for a cardiovascular outcome study (n = 5,246
patients), the relatively short duration (mean treatment
of 22 months), the large number of patients (61.4%)
who discontinued testosterone, and modestly
increased median  testosterone levels  of
approximately 350 ng/dL. More recently, Lin et al.
(202) demonstrated no statistically significant
association between testosterone replacement
therapy and cardiovascular risk in hypogonadal men
in real-world clinical practice, whereas other real-world
studies conducted using claims data and electronic
health records data demonstrated reduced risk of
cardiovascular events under long-term exposure to
testosterone therapy (203, 204). While these studies
are reassuring, overall, these studies have their
individual limitations making it difficult to definitively
rule out the association of testosterone replacement
therapy on cardiovascular events in the elderly.
However, if hypogonadism is caused by a
prolactinoma, then dopamine agonist treatment can
result in the recovery of gonadal function in about 60%
(205). If hyperprolactinemia is related to the use of
drugs, then withdrawal or the change to therapies
without effects on prolactin levels will improve
testosterone levels and sexual dysfunction (206).

In terms of clinical application, current clinical practice
recommendations prioritize the identification of men
with classical or pathological hypogonadism due to
diseases of the hypothalamus, pituitary or testes
(185). In such men, testosterone treatment resolves
symptoms and signs of testosterone deficiency (185).
In men with classical or pathological hypogonadism
the benefits of testosterone treatment likely outweigh
possible cardiovascular risks. In any case,
individualized assessment and management of
cardiovascular risk factors and disease should be part
of routine clinical care. Until more evidence is
available, it may be prudent to adopt a cautious
approach in older men who are frail or who have pre-
existing cardiovascular disease, and to optimize
management of cardiovascular risk factors first before
starting testosterone treatment. Treatment should aim
for physiological replacement of testosterone using
approved formulations and avoiding excessive
testosterone doses (185), should not be used in
older men with significant cardiovascular diseases
and caution exercised in those with benign prostatic
hyperplasia (182).

Gonadotropin Deficiency in Women

Aging in women is associated with progressive decline
in fertility, reflecting the reduction in ovarian follicle
number and quality, and the cessation of monthly
menstrual cycles. Consequently, symptoms (e.g.,
vasomotor symptoms, genitourinary syndrome of
menopause, disordered mood, sleep disruption,
sexual disorders) and systemic effects (amenorrhea,
bone loss, metabolic syndrome, increased
cardiovascular risk, cognitive decline) may arise, and
in some women, can be severe and debilitating (207).
During menopause, women will also experience
deterioration in  lipid profiles, accelerated
cardiovascular risk, adverse changes in body
composition including more central (i.e. visceral)
distribution of adipose tissue, accelerated lumbar
spine BMD loss, and negative effects on sleep,
cognition, and mood (208, 209). On the other hand,
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vasomotor symptoms are caused by changes in
hypothalamic thermoregulation (210).

Although formulations, routes of administration, and
dosages of menopausal hormone therapy (MHT) have
expanded in recent years, its primary indication for
women experiencing natural menopause remains the
management of symptoms (e.g., vasomotor
symptoms and  genitourinary  syndrome  of
menopause). Specifically for vasomotor symptoms,
evidence-based treatments include MHT, non-
hormonal prescription medications and mind-body
interventions such as cognitive behavioral therapy and
hypnosis (211). Recently, there is emerging evidence
that MHT initiated within a decade of the onset of
perimenopause has been associated with several
long-term  health  benefits, including reduced
vasomotor symptoms, without significantly affecting
cardiovascular disease amongst younger
postmenopausal women aged 50 to 59 vyears
(212). Menopausal hormone therapy has also been
associated with a 25% to 50% reduction in fatal
cardiovascular events (213), a 50% to 60% reduction
in bone fractures (214), a 64% reduction in cognitive
decline (215), and a 35% decreased risk of Alzheimer
disease (216). With these recent developments,
decisions regarding the optimal choice for an
individual woman should incorporate her degree of
symptom bother, personal preferences, pre-existing
cardiovascular disease and breast cancer risk
assessments and uterine status (217). Treatment of
genitourinary syndrome of menopause includes over-
the-counter moisturizers and lubricants, vaginal
estrogens, DHEA, and oral ospemifene (211).
Because testosterone therapy is not approved for
women by the United States Food and Drug
Administration (FDA), titration of approved therapies
dosed for men has been recommended only for
treatment of hypoactive sexual desire disorders in
women (218). Prevention of osteoporosis is another
approved indication of MHT for postmenopausal
women at risk of osteoporosis for whom other
approved therapies are neither tolerated nor
appropriate. In contrast, the results of secondary

coronary heart disease (CHD) prevention trials have
been disappointing (219-221). In contrast to
anticipated CHD benefit based upon myriad
observational studies, trials revealed an increase in
myocardial infarction within the first year of therapy,
and failure to decrease CHD events or coronary
atherosclerosis progression (222). While bone loss is
accelerated during menopause, primarily affecting
trabecular bone, estrogen therapy or alternatives like
bisphosphonates and raloxifene can help preserve
bone mineral density and decrease fracture risk (223,
224).

However, there has been considerable debate about
the risk: benefit ratio of MHT after the publication of
the results from the Women’s Health Initiative study
(225). The Women’s Health Initiative clinical trials
were initiated in 1992 to determine whether MHT
(conjugated equine estrogens [CEE] *
medroxyprogesterone acetate [MPA]), depending
upon uterine status), when started in healthy women
ages 50 to 79 at enroliment, reduced the incidence of
chronic diseases of aging (myocardial infarction and
CHD death, osteoporosis, colon cancer) while
evaluating safety outcomes (stroke, venous
thromboembolic disease, breast and endometrial
cancer) (226). The combined therapy arm was halted
after 5.6 years, and the estrogen-only arm after 7.2
years, because overall risks (increased stroke in both
trials and heart attack, pulmonary emboli, and breast
cancer in the combined arm) exceeded preventive
benefits (reduced fractures, colon cancer and DM)
(227). Subsequent analyses showed a more favorable
benefit/risk profile in younger women (ages 50 to 59)
or those closer (<10 years) to menopause, whereas
stroke risk increased when MHT was initiated > age
60 (220), dementia risk increased > age 65 (226), and
CHD events increased > age 70 (220). All-cause
mortality decreased by 21% in those ages 50 to 59 at
enroliment in the CEE-alone arm (228), with maximal
mortality benefit—a 40% decrease—for those with
bilateral oophorectomy < age 45 (229). Breast cancer
outcomes at 13 years of cumulative follow-up showed
persistence of the significant 28% increase in breast
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cancer risk with combined therapy initially reported at
trial termination (227). By contrast, a 21% decrease
with CEE alone became statistically significant (227).
At 20 years of cumulative follow-up, these findings
persisted, with the added caveat that breast cancer
mortality—without effect in the combined therapy
arm—was significantly reduced in the CEE-alone arm
(230). These findings reflect the complexities of these
specific hormone preparations on breast cancer
incidence and mortality and should not be
extrapolated to other MHT preparations.
Observational studies do not suggest that estradiol
administration inhibits breast cancer, whereas
progesterone may have less breast cancer—
stimulating effects than MPA (211). The paucity of
randomized controlled trials safety evidence means
that MHT is usually not prescribed for women with a
history of breast cancer and symptom relief with non-
hormonal options is recommended (211, 231).

Due to the lack of adequately powered randomized
controlled trials, observational studies and meta-
analyses provide some evidence that safety
outcomes, particularly for venous thromboembolic
disease and possibly stroke risks, improved with lower
doses and transdermal estradiol preparations (211).
After the initial reports of the Women’s Health
Initiative, limiting MHT to 3 to 5 years was
recommended to minimize breast cancer risk. Both the
North American Menopause Society and the American
College of Obstetricians and Gynecologists
subsequently issued statements allowing for longer
duration of MHT in healthy women = age 65 without
contraindications, following an annual discussion of
anticipated risks and benefits, and reevaluation of
individual health status (232, 233). For women who
prefer to continue MHT for an extended time, shared
decision making, progressive dose reductions and
switching to transdermal from oral preparations are
recommended (211).

Nevertheless, the investigators of the Women’s Health
Initiative have recently reported subgroup analyses of
the age-specific impact of MHT on atherosclerotic

cardiovascular outcomes among women with
moderate to severe vasomotor symptoms (212) who
may have a higher underlying risk of cardiovascular
disease but also the strongest clinical indication for
MHT. These analyses indicated that MHT was
associated with greatest cardiovascular disease risk in
women with vasomotor symptoms in their 70s but did
not detect any increased risk for cardiovascular events
with MHT use in younger women with vasomotor
symptoms. These data provide reassuring evidence
that symptomatic younger postmenopausal women
are at low risk of cardiovascular complications with
MHT. Because menopause is not a simple estrogen
deficiency state but a multisystem biological and
psychological transition, no one medication or
treatment, including MHT (234), can eliminate or
prevent all menopausal manifestations or related
health changes. Hence, there is a need to broaden
menopause management beyond MHT that leverages
a multidisciplinary care approach and incorporates
other evidence-based treatments and behavioral
strategies tailored to the individual woman's needs.

Thus, recent analyses and observational studies have
highlighted the importance of initiating MHT within 10
years of onset of menopause or under 60 years for
bothersome menopausal symptoms (235). Timing of
initiation is critical in determining the risk-benefit ratio
(230, 236). Compared with the 63-year-old average
age in the Women’s Health Initiative trials, women who
present with new onset of moderate to severe
vasomotor symptoms needing treatment tend to be
younger than 60 years. Data from this cohort of
younger women suggest that initiating hormone
therapy within 10 years of menopause reduces all-
cause mortality in the subsequent decade. This age-
dependent differential risk has prompted renewed
appraisal to support a more nuanced interpretation of
MHT’s benefit-risk balance. The FDA has
acknowledged these developments by recognizing the
need to revisit hormone therapy labeling and has
removed the boxed warnings from all combined
estrogen-progestogen, estrogen alone, other estrogen
containing and progestogen only products. The
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evidence basis for the labeling changes included a
comprehensive FDA evaluation of Women’s Health
Initiative and post- Women’s Health Initiative
publications, with particular attention to evidence
related to timing, duration, and risks associated with
MHT use during the earlier postmenopausal years
(230, 236).The FDA’s hormone therapy label updates
include removal of boxed warnings (cardiovascular
disease, stroke, breast cancer, probable dementia),
except for the boxed warning in systemic estrogen
labels for endometrial cancer with unopposed
estrogen in women with a uterus, removal of the
recommendation to prescribe hormone therapy at the
lowest effective dose for the shortest duration and
treatment decisions are individualized after
discussions with the patient, tailored safety
information, emphasis on the safety findings most
relevant to topical vaginal use and not the broader
warnings associated with systemic exposure and
timing information for systemic hormone therapy of
including updated guidance on initiating treatment in
women younger than 60 years or within 10 years of
menopause onset to optimize the benefit-risk balance.
These labeling revisions signal a shift towards more
nuanced, evidence-based communication of hormone
therapy risks; one that prioritizes clinical relevance,
distinguishes between different formulations and
patient populations, and balances the narrative to
reflect both safety and therapeutic value. The goal of
these changes is to guide appropriately tailored
hormone therapy use and optimize individualized
care.

TSH Deficiency

Hypothyroid symptoms are non-specific and often
overlap with symptoms of aging, including tiredness,
weight gain, depression, cold intolerance,
constipation, and poor concentration that may be
overlooked by both physicians and patients. Careful
drug review should always be conducted in the elderly
before the diagnosis of central hypothyroidism, as they
often present with increased comorbidities and
polypharmacy. A number of medications can affect the

thyroid function tests by interfering with the synthesis,
transport, and metabolism of TSH and thyroid
hormones, and thyroid function immunoassays.

In the elderly, if central hypothyroidism is suspected
based on clinical history, thyroid function tests,
pituitary MRl and evaluation of other pituitary
hormones are indicated. Detection of low free
thyroxine levels with inappropriately normal or low
TSH levels is sufficient to confirm the diagnosis.
Circulating free triiodothyronine (FT3) levels are less
useful, because they can be influenced by intercurrent
diseases, which can cause the “low T3 syndrome”,
whereas for the interpretation of TSH levels, it is
important to exclude possible interferences by drugs
that can suppress TSH. Glucocorticoids are frequently
prescribed to elderly patients and high cortisol levels
reduce TRH expression and TSH secretion causing a
pattern of central hypothyroidism (237). Other drugs
that directly suppress TSH secretion are dopamine
agonist and somatostatin analogues (44), while anti-
epileptic medications carbamazepine and valproic
acid can increase thyroid metabolism and suppress
TSH. Acute, chronic and debilitating illnesses can
affect thyroid function tests causing low thyroid
hormones (total T3 and T3) and low/low-normal TSH,
where “non-thyroidal illness” should be considered,
and in such cases, thyroid hormone replacement is
generally not recommended (238). It is important for
physicians to inquire about biotin intake because an
intake of 10 mg a day to interferes with measurements
of T4, T3 and TSH (239). and can lead also to
erroneous values that incorrectly indicate the
presence of hyperthyroidism (240) prompting
physicians to undertake inappropriate management
decisions.

Levothyroxine is the treatment of choice for central
hypothyroidism, and liothyronine (LT3), thyroid
extracts and other thyroid hormone supplements are
generally not recommended (147). However, before
initiating levothyroxine treatment, it is important to
treat with glucocorticoid replacement therapy first if
CAl is present, to avoid precipitating adrenal crisis
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(147). We recommend a more conservative treatment
regimen of levothyroxine in the elderly, with lower
doses at initiation and more gradual dose titration to
minimize the risk of precipitating possible cardiac
arrhythmias. Levothyroxine can be started at 0.25-0.5
mcg/kg/day and the dose gradually increased over 6-
8 weeks to target fT4 levels between mid to the upper
half of the reference range and guided by clinical
symptoms (241). If overtreatment is suspected and
fT4 levels are within the reference range, fT3 can be
assessed (241). Other considerations pertinent to the
elderly patient include increased levothyroxine dosing
if the patient is also on GH and estrogen therapy, and
therapies for other comorbidities that may affect
levothyroxine absorption (e.g., calcium and iron

supplements) and dose requirements (e.g.,
amiodarone and anti-epileptics).

Body Water Deficiency

HYPERNATREMIA WITH AGING

Hypernatremia reflects an increase in plasma

osmolality. Hospitalized older patients and older
residents of long-term care facilities show incidences
of hypernatremia that vary between 0.3% and 8.9%
(242). While hypernatremia is a common presenting
diagnosis in older individuals, 60% to 80% of cases in
older populations occur after hospital admission (243).
As hypernatremia develops, normal physiologic
responses preserve water homeostasis through
osmotically stimulated secretion of AVP to promote
renal water conservation along with accompanying
potent stimulation of thirst to restore body water
deficits (104). Although renal water conservation can
mitigate the development of severe hyperosmolality,
only appropriate stimulation of thirst with subsequent
increase in water ingestion can replace body fluid
deficits thereby reversing hyperosmolality (244). This
physiologic response is impaired with aging, whereby
older patients have a decreased thirst perception (95),
and blunted ability to maximally concentrate their urine
in response to AVP (245). An additional factor that can
cause or exacerbate hypernatremia in hospitalized

older patients is osmotic diuresis from mobilization of
urea following hydration for pre- renal azotemia,
increased protein load from parenteral or enteral
nutrition, and increased tissue catabolism (246). Thus,
older individuals have a greatly increased
susceptibility to a variety of situations that can induce
hypernatremia and hyperosmolality, with the attendant
increases in morbidity and mortality (247, 248). The
clinical implications of hypernatremia in hospitalized
older individuals are significant. One hundred and
sixty two hypernatremic older patients admitted for
acute hospital care to a community teaching hospital
had a serum [Na+] >148 mmol/L, and their all-cause
mortality was 7 times greater in hypernatremic than
age-matched normonatremic patients and 38% of the
hypernatremic patients who survived to discharge had
a significantly decreased ability to provide self-care
(248). In intensive care units, hypernatremia is
associated with increased mortality with adjusted odd
ratios for mortality ranging between 2 to 3 (248).

Treatment of Hypernatremia

Adequate hydration is critical in preventing
hyperosmolality and hypernatremia in older patients.
Aggressive hydration with hypotonic fluids (D5W or
D5/0.5 NSS) is indicated to lower the serum [Na+] to
normal levels in the first 48 hours of hospital
admission. A retrospective study of 449 patients
hospitalized with a serum [Na+] >155 mmol/L showed
no evidence that rapid correction of hypernatremia
(>0.5 mmol/L/h) was associated with a higher risk for
mortality, seizure, alteration of consciousness, and/ or
cerebral edema in critically ill adult patients with either
admission or hospital-acquired hypernatremia (249).
Older patients with an established AVP deficiency
should be treated with desmopressin, similarly to
younger patients (250). Because of age-related
decreases in glomerular filtration rate that increase the
susceptibility of desmopressin-induced hyponatremia
in the elderly, conservative desmopressin dosing is
recommended. No recent clinical trials on the efficacy
and safety of acute and chronic treatments for
hypernatremia in older individuals have been
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published. Only one study has been published on
desmopressin treatment for nocturia (251), where
older individuals are at higher risk for development of
hyponatremia even with a single night-time low dose
of desmopressin (252), especially in older females
because of increased desmopressin response due to
increased renal vasopressin V2 receptor expression
(253).

PITUITARY HORMONE EXCESS STATES IN THE
ELDERLY

Hyperprolactinemia and Prolactinomas

Prolactinomas in the elderly are rare (254), and
usually present as macroadenomas with atypical
features, thus posing a diagnostic challenge. Unlike
prolactinomas diagnosed in the premenopausal
period, which often present with symptoms such as
menstrual irregularities, galactorrhea, or infertility,
most women diagnosed with prolactinomas after
menopause typically do not report specific complaints.
Symptoms related to hyperprolactinemia in
postmenopausal women are often absent due to the
natural decline in estrogen,. The majority of
prolactinomas after menopause are macroadenomas
causing mass effects and infrequently galactorrhea
(37.5%) (255), whereas microadenomas are more
commonly reported in premenopausal women. The
most common symptoms of macroprolactinomas in
postmenopausal women are visual field disturbances
and headache, but also other atypical presentations
such as impaired hearing, hemiparesis, dementia, and
new-onset epilepsy have been reported (256). In a
study by Santharam et al. (257), acute pituitary
apoplexy was diagnosed at presentation or during
follow-up in 18% of 17 patients diagnosed with a
prolactinoma in the postmenopausal period at a
median age of 63 years. Most are asymptomatic
(subclinical apoplexy) and resolve spontaneously
(258). In men, macroprolactinomas are diagnosed at
an older age than in women with microprolactinomas
(255), and may represent the natural course of an
untreated prolactinoma.

Cabergoline is the first-line  therapy for
macroprolactinomas diagnosed at menopause, and in
most patients it is highly effective in terms of both
hormonal and tumoral responses and with better
outcomes with pituitary function (255). Cabergoline
can achieve remission maintenance after cessation of
5 years of therapy in patients with macroprolactinomas
(259), with factors favoring remission including
absence of cavernous sinus invasion, lower serum
prolactin levels before therapy, and low nadir serum
prolactin on cabergoline therapy prior to withdrawal
(260). Menopause facilitates the remission of
hyperprolactinemia in women with prolactinoma and
may be seen in about 50% of patients after dopamine
agonist withdrawal (257).

The most commonly used definitions of dopamine
agonist resistance include failure to normalize
prolactin and/or to achieve at least 50% tumor
shrinkage with maximal conventional doses of
cabergoline (2 mg/week). In a retrospective study of a
large cohort of patients with macroprolactinomas,
19.6% of the patients received doses of cabergoline >
2 mg/week (261). The dose of cabergoline increased
to 8 mg/week in order to normalize prolactin, and 10%
of the patients still had partial resistance to
cabergoline where prolactin levels were not
normalized. Even higher doses of cabergoline (11
mg/week) have been suggested in order to overcome
resistance to treatment (262). In a study by Santharam
et al. (257) on the long-term outcomes of
discontinuation of dopamine agonist treatment in
women with prolactinoma after menopause, residual
adenoma regrowth was detected in 7% (2 out of 22) of
the patients.

The role of surgery in patients  with
macroprolactinomas is difficult to establish, and
indications include cerebrospinal fluid rhinorrhea,
pituitary apoplexy, and tumor progression or regrowth
despite medical treatment (263). Radiotherapy may be
used postoperatively in proliferative tumors but is
associated with hypopituitarism. In one meta-analysis,
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recurrence of hyperprolactinemia after discontinuation
of dopamine agonist treatment was observed in 32%
of patients with idiopathic hyperprolactinemia, 21% of

patients  with microprolactinomas and 10-% of
patients with macroprolactinomas (264).
Recommendations from the Pituitary Society

guidelines are that, after > 2 years of successful
treatment (normal prolactin and disappearance of the
tumor), dopamine agonist therapy can be tapered and
discontinued (265) as menopause may facilitate
normalization of prolactin. However, menopause does
not ensure remission in tumor growth, particularly in
invasive macroprolactinomas. As for patients with
microprolactinomas, dopamine agonist therapy should
proactively be withdrawn regardless of the possibility
of recurrence of hyperprolactinemia. A major limitation
of this strategy is the lack of published literature on
outcomes in patients with prolactinomas after
dopamine agonist treatment withdrawal.

Cushing’s Disease and Syndrome

Cushing’s disease (CD) is most commonly diagnosed
in women in their 40s-50s, with a female-to-male ratio
of 2.3-4:1 (266). However, due to increasing life
expectancy in the general population (108), diagnoses
in older individuals are becoming more evident. In
women < 45 years, CD is more prevalent, whereas
adrenal-dependent Cushing’'s syndrome (CS) has
increasingly becomes more common in individuals >
65 years (266). Additionally, in older patients, the
typical female predominance declines, likely due to
reduced estrogen levels after menopause. These
patients also more frequently present with pituitary
macroadenomas (267).

The clinical presentation of CS differs in elderly in
several aspects compared to younger patients.
Advancing age is associated with increasing
comorbidities (e.g., hypertension, DM, osteoporosis,

obstructive sleep apnea, cognitive dysfunction,
venous thromboembolism, and GHD), lower BMI but
more visceral fat, frailty due to muscle weakness and
wasting, all of which are exacerbated by sarcopenia,
increased rates of postoperative thromboembolic
disease, Knosp grade, tumor size, and postoperative
cortisol and ACTH nadirs (267, 268). Depression and
anxiety are underdiagnosed in the elderly due to its
atypical presentation. In comparison, advancing age is
associated with decreased hallmark CD features,
preoperative 24-hour urinary free cortisol, Ki-67
indices, and AVP deficiency (267, 268), whereas
younger patients present more frequently with weight
gain, facial rounding/plethora, abdominal striae,
hirsutism, menstrual irregularities, dorsocervical fat
pad, and acne (269).

Hence, diagnosing CS in older adults is often more
challenging as many symptoms overlap with normal
aging (Table 3). Hormonal changes with age further
complicate testing. Urinary free cortisol (UFC) and
plasma cortisol production increase with age, but
studies show mixed results regarding age-related
differences in late-night salivary cortisol (LNSC) and
other hormone levels. Age-related comorbidities,
impaired kidney and liver function, smoking and
medications can influence UFC and LNSC test
accuracy. Furthermore, there is the apparent loss of
feedback in elderly subjects, which may be due to
alterations in the glucocorticoid receptor sensitivity in
the hippocampus that is linked to age-related cell loss,
the potential effect of interfering concomitant drugs
(e.g., phenobarbital, phenytoin, and carbamazepine),
malabsorption, and the underlying presence of
depression and anxiety (269). To improve the
diagnostic accuracy for CS, three clinical risk scoring
systems have been proposed in Spanish (270), Italian
(271) and United States cohorts (272); however,
these scoring systems have not been formally
validated in elderly patients.
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Table 3. Challenges in the Management of Cushing Syndrome in the Elderly

Diagnosis
gain)

Lack of typical Cushing syndrome symptoms (e.g., skin changes, weigh

Overlap of some symptoms/comorbidities that might be related to
Cushing syndrome and aging (e.g., hypertension, diabetes mellitus,
muscle weakness, cognitive impairment and catabolic state)

comorbidities, drugs)

Multiple factors influencing laboratory results in the diagnostic workup
of hypercortisolism (age-related changes in the hypothalamic-pituitary
adrenal axis, impaired renal function, poor nutrition intake,

Treatment

Greater pre- and postoperative risk and complications

population

Lack of data concerning safety and efficacy of drugs in the elderly

drug- drug interactions

Polypharmacy is common in the elderly with resulting greater risk of

Outcome

Higher morbidity and mortality rates

control of the disease

Persistent impairment of quality of life despite achieving biochemical

Transsphenoidal surgery is the first-line treatment for
CD (268) and is generally safe and effective in elderly
patients when performed in specialized centers (273).
Complications such as delayed hyponatremia are
more common in older adults, requiring careful
postoperative management. Despite having more
comorbidities and higher surgical risk, elderly patients
achieve remission rates and complication profiles
comparable to those in younger patients (125).
However, younger individuals undergo surgery more
frequently and show higher relapse rates, possibly due
to more aggressive tumor behavior and longer follow-
up duration (125).

Older patients are more frequently treated with
medical therapy or radiotherapy, especially when
surgery is not feasible. Medical treatments, including
osilodrostat,  ketoconazole, = metyrapone, and
mitotane, show varying levels of efficacy in the elderly,
with some age-related limitations in data. Etomidate
can be used in severe cases at lower doses.
Radiotherapy is effective in about two-thirds of elderly
patients but carries risks such as cognitive decline and
cerebrovascular events. Age does not seem to impact

the success of stereotactic radiosurgery, but more
comparative studies are needed.

In terms of prognosis, older age is associated with
increased mortality, particularly from cardiovascular
causes, regardless of treatment outcomes. Factors
such as male sex, pre-existing DM, and depression
increase cardiovascular risk (267, 268). In the
ERCUSYN cohort, mortality was independently
associated with age (268). Quality of life remains
impaired in many older patients due to ongoing
comorbidities, residual symptoms, and the burden of
multiple treatments. While younger patients report
more concerns about physical appearance and social
roles, older patients are more affected by fatigue,
muscle weakness, cognitive issues, and depression,
which often persist despite treatment (269).

Acromegaly

Due to increasing life expectancy in the general
population (108), recent studies have shown an
increase in the incidence and prevalence of
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acromegaly in the elderly (274, 275). Essentially,
elderly acromegaly patients can be divided into two
groups: those with a new diagnosis > 65 years of age
and those with early-onset acromegaly who have
grown older over time (276, 277). In older acromegaly
patients, IGF-I levels are usually lower, and the clinical
phenotype is milder than in younger patients, making
the diagnosis more challenging. In a series of 96
patients reported by Ceccato et al. (278), 13 (14%) of
newly diagnosed cases of patients were > 65 years
and had relatively low IGF-I levels. Among these
patients, 11 (85%) of them were initially treated with
medical therapy and half normalized their IGF-I levels
after 6 months without undergoing pituitary surgery.
Moreover, acromegaly is commonly associated with
several complications, such as DM, renal impairment,
and musculoskeletal disorders that may independently
lower IGF-I levels (279-281). Consequently, an older

patient with acromegaly may present with IGF-I values
within the reference range or only marginally elevated.
Consistent with this, previous studies have described
older adults with acromegaly and normal or even low
IGF-I levels (282, 283). Additionally, the characteristic
facial changes, arthralgias, asthenia, paresthesia and
sensation of enlargement of the lower limbs may be
more subtle than younger patients (276, 277), which
may lead to the confusion with features of normal
aging and contribute to the delay in diagnosis. Visual
abnormalities may also be confused with symptoms of
age-related eye diseases such as cataracts, macular
degeneration and vascular eye diseases (284, 285).
Therefore, the clinical picture may be confounded with
features associated with aging and clinicians will need
to be aware of the nuances associated with elderly
compared with younger acromegaly patients (Table
4).

Patients with Acromegaly

Table 4. Clinical features, Complications and Response to Treatment of Elderly

Clinical phenotype

Milder in elderly vs. younger patients

Tumor size

Smaller tumors in elderly vs younger patients

Basal GH and IGF-l levels and post-OGTT
GH nadir levels

Lower in elderly vs. younger patients

Hypertension, glucose metabolism
abnormalities and arthropathies

More frequent in elderly patients vs age-
matched controls

Left ventricular hypertrophy

Characteristic of elderly patients

Risk of diabetes mellitus, hypertension Age-related

and cancer

Arthropathy and vertebral fracture risk Not age-related

Surgery Safe but increased comorbidity and

anesthetic risk

Somatostatin receptor ligand treatment

Better treatment response in elderly vs
younger patients, but close attention to blood
glucose, especially with the use of
pasireotide, and gastrointestinal symptoms
due to higher prevalence of biliary tract
disease, is essential

Pegvisomant treatment

In older patients, close monitoring of liver and
renal function tests is recommended due to
higher prevalence of pre-existing chronic liver
and renal disease
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Acromegaly-related comorbidities (e.g., colon polyps,
thyroid cancer, obstructive sleep apnea, hypertension,
and rheumatologic complications) are more prevalent
in the elderly than in younger patients (278). In fact,
changes in carbohydrate  metabolism and
hypertension in the elderly can be considered as
related to aging itself, and therefore the diagnosis of
acromegaly may be missed (285). The estimated
prevalence of DM in acromegaly is higher in patients
> 65 years than in younger patients (27%-86% vs.
19%-56%) (286), and the most characteristic
predisposing factors for DM were older age, longer
duration of acromegaly, and family history of DM (287,
288). In older patients, congestive heart failure as end-
stage acromegalic cardiomyopathy occurs more
frequently (287). It is suggested that aging and long
duration of exposure to GH excess are key
determinants of cardiac abnormalities (289, 290).
Interestingly, in elderly acromegaly patients the
frequency of rheumatologic complications (arthralgia,
carpal tunnel or osteoarthritis) does not seem to be
different from the elderly population without
acromegaly (291). This finding may be explained by
the prevalence of these complaints in the general
elderly population, as well as by the inaccuracy of
questionnaires addressing this issue. Elderly patients
with acromegaly also exhibited a higher frequency of
impaired cognitive functions, reduced mobility,
difficulty in performing daily activities, and dementia,
as compared with their age-matched counterparts
without acromegaly (292). In terms of quality of life,
Yamamoto et al. (293) reported different factors
affected older vs younger patients, with arthropathy,
higher BMI, treatment modalities and hydrocortisone
replacement therapy being important factors in
contributing to the impairment of disease-specific
quality of life in older patients.

Given the appropriate clinical and neuroradiological
context, the diagnosis of new or recurrent acromegaly
is primarily based on the determination of circulating
levels of IGF-1 (294). Circulating IGF-I levels decline
with increasing age in acromegaly (295, 296);
therefore age-dependent IGF-I cutoffs are required to

aid diagnosis in the elderly. Additionally, IGF-I levels
are potentially influenced by DM, chronic kidney
disease, liver diseases, insulin resistance and
nutritional deficiencies (297), all of which are more
prevalent in the elderly. However, some patients with
acromegaly can show persistent or intermittent
discordance between GH and IGF-I after undergoing
pituitary surgery (298, 299), and age yields a highly
significant effect on the serum GH/IGF-I relationship
such that for a given serum GH value, older patients
might show lower serum IGF-I values (296).
Therefore, clinicians should proceed with caution in
using solely IGF-I levels to diagnose acromegaly in the
elderly, and evaluation of the GH suppression oral
glucose tolerance test (OGTT) as a complementary
laboratory investigation in doubtful cases is
recommended (294). The introduction of ultrasensitive
chemiluminescent assays for GH has led to the
adoption of a lower GH threshold of 0.4 pg/L (300).
However, an equivocal GH response to the OGTT can
be seen in association with aging. Considering that
basal GH levels are lower in the elderly and that this
trend is maintained in acromegalic patients, numerous
studies showed that post-OGTT nadir GH negatively
correlates with age. In a cohort of naive acromegalic
patients (19-77 years), baseline GH and IGF-I levels
and GH nadir levels after OGTT were lower in patients
with an age >60 years (285). A potential caveat to
consider is that elderly patients show higher incidence
of DM and cannot undergo the OGTT; in these cases,
the diurnal GH profile could represent an alternative
approach. In a cohort of patients undergoing pituitary
surgery for acromegaly, the assessment of disease
remission by the GH profile showed different cutoffs in
older compared to middle-aged patients (1.4 vs. 2.3
ug/L) (301). Therefore, age appears to be a
fundamental factor to be considered in the diagnosis
and evaluation of acromegaly activity.

Following biochemical diagnosis, contrast enhanced
magnetic resonance imaging (MRI) of the sellar region
is required to assess tumor size, localization, and
invasiveness (300). Gadolinium enhancement should

www.EndoText.org 31


http://www.endotext.org/

however be used with caution or be avoided in patients
with renal impairment. If MRI is contraindicated or
unavailable, pituitary computerized tomography can
be performed (300). Despite some data pointing to
smaller tumors in older acromegaly population (302),
this finding has not been confirmed by most studies
(276, 277, 284).

Although to date there are no published studies that
have directly compared histopathological features of
GH-secreting adenomas between elderly and non-
elderly patients, several reports suggest age-related
differences in tumor subtypes and clinical behavior.
Additionally, previous studies also demonstrated a
trend towards the diagnosis of sparsely granulated
(SG) adenomas compared with densely granulated
(DG) adenomas in younger acromegaly patients (303,
304). Cuevas-Ramos et al. (305) in a large
retrospective study of 338 acromegaly patients, found
a group of individuals with smaller, less aggressive DG
tumors with a higher expression of SSTR2 and a
higher mean age at diagnosis. These findings suggest
a correlation between tumor granulation pattern and
age, with SG tumors linked to younger age and more
aggressive behavior, and DG tumors associated with
older age and more favorable treatment
responsiveness.

Transsphenoidal surgery has been shown to be a safe
treatment modality for elderly patients with
acromegaly (286). However, transsphenoidal surgery
and radiotherapy tend to be performed Iless
commonly, whereas primary medical treatment was
offered more frequently in elderly compared to
younger subjects. It is likely that elderly patients are
poorer surgical candidates due to the increased age-
and acromegaly-related comorbidities, and
radiotherapy is not often considered because of its
delayed effects over months to years in decreasing
GH secretion. Increased cancer risk in acromegaly
continues to be a matter of debate (306, 307), as the
relationship between the oncological risk and excess
GH exposure in acromegaly has yet to be fully
elucidated. The utility of pegvisomant, a GH receptor

antagonist approved by the FDA for the treatment of
acromegaly, as a targeted intervention on GH action
to improve the prognosis of cancer has recently been
proposed but requires further clarification (308).
Conversely, a recent study by Pascual-Corrales et al.
(309) of 604 acromegaly patients (median age 48.5
years) having undergone transsphenoidal surgery
demonstrated that remission of preoperative DM was
more commonly seen in older patients, especially in
those that did not develop postoperative
hypopituitarism. These investigators postulated that
because older patients tend to be more insulin
resistant at muscle level, the decrease in insulin
resistance after surgery as reported by Moller et al.
(310) is an important factor in the improvement of
postoperative  glucose metabolism. Regarding
cardiovascular ~ comorbidities, the increased
prevalence of hypertension with aging could also be a
contributing factor (311) rather than the greater
prevalence of hypertension in acromegaly (312).
Hence, the prevalence of some of the more common
acromegaly-related comorbidities is higher in elderly
patients, especially when longer follow-up is
performed.

Hyponatremia

Hyponatremia is the most common electrolyte
disorder in clinical practice (313), especially when
accompanied by plasma hypo- osmolality. When
hyponatremia is defined as a serum [Na+] of < 135
mmol/L, the inpatient incidence is reported to be
between 15% and 22%. Studies that define
hyponatremia as a serum [Na+] < 130 mmol/L
demonstrate a lower, yet still significant, incidence of
1% to 4% (314). The incidence of hyponatremia in
older populations varies between 0.2% and 29.8%,
depending on the criteria used (242).

The most common causes of hyponatremia in older
individuals are SIAD, drug therapy, and decreased
solute intake. SIAD can be caused by many types of
diseases and injuries more common in older
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individuals, including central nervous system injury
and degeneration, pulmonary diseases,
paraneoplastic malignancy, nausea, pain, and an
idiopathic form of SIAD. Studies have demonstrated
that SIAD accounts for approximately 50% to 59% of
the hyponatremia observed in some older populations,
and 26% to 60% of older patients with SIAD appear to
have the idiopathic form of this disorder (315, 316).
Some drugs commonly used in the elderly have been
associated with SIAD, including many antipsychotic,
antidepressant, and antiepileptic drugs (317). The
drug class most commonly implicated in causing
hyponatremia is thiazide diuretics, which does not
cause SIAD but rather secondary AVP secretion due
to solute depletion and baroreceptor stimulation (318).

Hyponatremia in older individuals is frequently
associated with multiple clinically significant outcomes
including neurocognitive effects and falls (319),
hospital readmission and need for long-term care
(320), incidence of bone fractures (321), and
osteoporosis (322). Hyponatremia is a strong
independent predictor of mortality, reported to be as
high as 60% in some series (323). In a study of the
association between asymptomatic hyponatremia and
gait instability, falls and attention deficits, a subset of
12 patients with hyponatremia secondary to SIAD with
[Na+] in the range of 124 to 130 mmol/L demonstrated
significant gait instability that normalized with
correction of hyponatremia (324)). The effect of
hyponatremia on bone quality has also been
demonstrated between chronic hyponatremia and
metabolic bone loss, with chronic hyponatremia
associated with odds ratios of 4.0 for osteoporosis and
3.0 for fractures (325). Thus, hyponatremia-induced
bone resorption and associated osteoporosis are
unique in that they represent attempts of the body to
preserve sodium homeostasis at the expense of bone
structural integrity.

TREATMENT OF HYPONATREMIA

Treatment of hypo-osmolality and hyponatremia in the
elderly generally should follow the same guidelines as

in younger patients, particularly with regards to the
limits of daily correction of serum [Na+] to avoid the
osmotic demyelination syndrome. Fluid restriction is
usually the first therapy employed, but has limited
efficacy with mean increases in serum [Na+] in the
range of 3 to 5 mmol/L in randomized controlled trials
(326). If pharmacologic treatment is necessary, urea,
furosemide in combination with sodium chloride
tablets, demeclocycline and vasopressin receptor
antagonist may be considered (327). Although each of
these treatments can be effective in individual
circumstances, vasopressin receptor antagonist is the
only therapy currently FDA-approved for treatment of
hyponatremia. Several randomized controlled clinical
trials have been published on the efficacy and safety
of vasopressin antagonist treatment for hyponatremia
(328, 329); however these agents have not been
utilized much in older individuals even though many
older individuals were enrolled in the clinical ftrials,
presumably due to cost reasons and the need for
these agents to be only initiated as an in-patient. More
recently, the therapeutic effect of empagliflozin, a
sodium-glucose cotransporter 2 (SGLT2) inhibitor, in
treating SIAD-induced hyponatremia was studied
given that empagliflozin promotes osmotic diuresis
via urinary glucose excretion, thereby causes
increased electrolyte free water clearance (330, 331).
Refardt et al. (332) demonstrated the efficacy of 4
days empagliflozin  treatment in  correcting
hyponatremia in hospitalized patients with SIAD with a
mean age 74 years. These investigators subsequently
performed a randomized, double-blind, placebo-
controlled, crossover study investigating 4 weeks of
empagliflozin treatment and found a relevant increase
in serum [Na+] levels compared with placebo in older
outpatients with chronic SIAD who had a median age
of 71.5 years and improvement in neurocognitive
function (333). Overall, empagliflozin treatment was
safe and well tolerated in both studies (332). However,
larger studies in in- and out-patient settings are still
needed to confirm these treatment effects in elderly
patients before SGLT2 inhibitors can be
recommended routinely to treat SIAD-induced
hyponatremia in the elderly.
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CONCLUSION

Aging is associated with complex physiological
changes of the hypothalamic-pituitary axis, which
occur independently of age-related diseases.
Decreased levels of estrogen and testosterone occur
universally in the elderly, accompanied by increased
LH, FSH, and SHBG levels, and decreased GH, IGF-
I, and DHEAS levels. By contrast, endocrine functions
critical for survival, such as thyroid and adrenal
function, show relatively minimal changes in basal
hormone levels with aging, while intricate regulatory
alterations still occur within the HPT and HPA axes.
The clinical implications of these hormonal changes
vary and remain an active area of investigation. In
women, menopause leads to significant physiological
changes, including disruptions in lipid metabolism,
bone loss, vasomotor symptoms, cognitive changes,
and elevated cardiovascular risk. In men, age-related
decline in gonadal function has been linked to
increased fat mass, reduced muscle and bone mass,
fatigue, depression, anemia, sexual dysfunction,
insulin resistance, and elevated cardiovascular risk.
Similarly, the age-related decline in the GH-IGF-I axis
contributes to reduced protein synthesis, loss of lean
body and bone mass, and impaired immune function.
When assessing elderly patients with AGHD and
acromegaly, IGF-l levels may not be a reliable
biomarker and should be carefully interpreted within a
broader clinical context to define diagnosis and
treatment efficacy. In comparison, changes in adrenal
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