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Abstract The paper presents the evaluation of a hypothesis assuming that the elevated levels 
of gonadotropins which occur physiologically in older persons are involved by 
their direct extra-gonadal action in the pathogenesis of age–related disorders. The 
data on the possibilities of the direct action of follicle–stimulating hormone (FSH) 
and luteinizing hormone (LH) and their possible deleterious effects in the brain, 
bone, cardiovascular system and cancer in older persons are reviewed. A proposal 
of a new approach to the hormonal prevention treatment of age–related disorders 
(suppression of gonadotropins by means of gonadotropin releasing hormone 
analogs) is discussed. 

INTRODUCTION
Human aging is characterized by deep alterations 
of hormone secretion. Among others, the gonadal 
steroid hormones undergo a sharp decrease, espe-
cially in women. The gonadal hormone deficiency, 
although less pronounced, is also present in men. 
This decrease is generally thought to contribute 
to the progression of aging. On the other hand, 
the enhanced secretion of gonadotropins in older 
subjects, resulting from the drop of gonadal 
steroids connected with the well–known feedback 
mechanism, has been considered for a long time 
as not meaningful. One of authors of the present 
paper proposed several years ago a hypothesis, 
claiming that the gonadotropin excess in the 
elderly may contribute to the aging process and the 
pathogenesis of age–related diseases (Pawlikowski, 
1994). The hypothesis is based on the available data 
showing the possibility of the direct extra–gonadal 

action of both – follicle stimulating hormone 
(FSH) and luteinizing hormone (LH) and the 
observations demonstrating that the experimental 
procedures leading to the anti–aging effects, like 
caloric restriction (Campbell et al. 1977, Pierpaoli 
1977) or melatonin treatment (Pierpaoli et al. 
1990) also diminish the gonadotropin secretions. 
The early studies supporting the possibility of the 
direct extra–gonadal action of gonadotropins 
showed the morphological effects of FSH and LH 
administration on sympathetic ganglionic cells 
(Pawlikowski 1962) and adrenal cortex (Roels 1963; 
Mikolajczyk & Pawlikowski 1965; Mikolajczyk 
1967) in gonadectomized–hypophysectomized 
rats. Because of numerous newer data on the direct 
extra–gonadal actions of gonadotropins and their 
possible involvement in the pathogenesis of age–
related disease we re–evaluate our hypothesis.
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EVIDENCE OF DIRECT EXTRA–GONADAL 
ACTION OF FSH
The presence of FSH receptors (FSHR) was revealed 
by means of molecular biology techniques, in the 
following cells beyond the reproductive system: mono-
cytes (Robinson et al. 2010) and osteoclasts (Sun et al. 
2006; Robinson et al. 2010), chondrocytes (Kong et al. 
2018), yellow and brown fat cells (Liu et al. 2015). 
The above receptors were shown to be active by addi-
tional experiments. The follicle–stimulating hormone 
increases in vitro expression of the genes involved in 
osteoclasts function (Rank, Trap, Mmp–9, cathepsin 
K) (Wang et al. 2018). This pituitary hormone was also 
shown to accelerate lipid droplet formation, to increase 
the leptin and to lower adiponectin secretion from the 
human adipocytes in culture (Liu et al. 2015). Moreover, 
FSH stimulates the release of interferon gamma 
(Yousefi et  al. 1993), interleukin–6 (Komorowski & 
Stepien 1994) and tumour necrosis factor – α (Musabak 
et al. 2003) from monocytes in vitro. Besides, follicle–
stimulating hormone receptors (FSHR) were also 
demonstrated by immunohistochemistry in the endo-
thelia of peri–tumoral and intra–tumoral blood vessels 
in several human cancers, in contrast the endothelia 
of  vessels situated in non–malignant tissues do not 
express FSHR (Radu et al. 2010, for review see: Ghinea 
2018). Since FSH is known to stimulate the neo–angio-
genesis in its “canonical” targets, i.e. the reproduc-
tive organs (Reisinger et al. 2007) it seems reasonable 
to suppose that FSHR–positive blood vessels represent 
the vasculature formed through tumoral neo–angio-
genesis. Although the FSHR immunopositivity was 
revealed also in cells of several malignant tumours 
of endocrine origin (for review see: Pawlikowski 2018) 
the specificity of the used antibodies was considered as 
doubtful (Chrusciel et al. 2019).

EVIDENCE OF DIRECT EXTRA–GONADAL 
ACTION OF LH
Common receptors for LH and chorionic gonado-
tropin (LH/CGR) were revealed in the adrenal cortex 
by means of molecular biology techniques (Pabon et al. 
1996, Feelders et al. 2003; Nicolini et al. 2014) or by 
immunohistochemistry (Lasley et al. 2016; Korol et al. 
2019). The functionality of adrenocortical LH/CGR was 
documented by in vitro effects of the chorionic gonad-
otropin on cortisol (Feelders et al. 2003) and aldoste-
rone (Nicolini et al. 2014) secretion. LH/CGR mRNA 
and protein were found in the rat brain (Lei et al.1993; 
Al-Hader et al. 1997a; Apaja et al. 2004) and in the rat 
glial cells and hypothalamic neurons GT–1 cultured in 
vitro (Lei et al. 1994; Al-Hader 1997b). Although there 
are no data on the expression of LH/CGR in monocytes, 
LH like FSH, stimulates the IL–6 secretion from these 
cells (Komorowski & Stepien 1994). LH/CGR are also 
shown to be expressed in the breast cancer cells (Ziecik 

et al. 2005; Sanchez et al. 2016) and the toxic ligand 
of  this receptor, Hecate peptide – chorionic gonado-
tropin beta subunit conjugate, destroys the mammary 
cancer cells in culture (Bodek et al. 2003).

INVOLVEMENT OF GONADOTROPINS 
IN THE AGE–RELATED DISEASES
Mental disabilities including Alzheimer’s disease
It is well known that the advancing age is connected 
with more or less pronounced regression of the cogni-
tive functions, including the increased risk of the 
Alzheimer’s disease. The negative effects of exces-
sive LH on cognitive functions in older people were 
reported in many studies (for review see Webber et al. 
2007; Batha et al. 2018). A direct deleterious action 
of LH on neuronal brain structures via brain LH/CGR 
was suggested. Higher LH levels were found in the 
patients suffering from Alzheimer’s disease in compar-
ison to non–Alzheimer controls (Short et al. 2001). 
Moreover, LH was shown to enhance the production 
of beta–amyloid, pathological protein characteristic 
for Alzheimer’s disease (Verdile et al. 2015). In rats 
chorionic gonadotropin was shown to decrease spatial 
memory and to increase beta–amyloid levels (Verdile 
et al. 2008). In mice the genetic ablation of LH/CGR 
results in diminution of beta–amyloid accumulation in 
the brain (Lin et al. 2012). Although the link between 
elevated LH and cognitive disorders is now generally 
accepted in the literature, there are also negative obser-
vations (Hogervorst et al. 2003; Hu et al. 2017). It seems 
probable that the deleterious effect of LH in the brain 
depends on age and/or LH/FSH ratio. Rodrigues et al. 
(2008) observed that in non–demented older women 
high LH levels were associated with a lower cognitive 
score, but disproportionally well-preserved cognitive 
functioning was found for the oldest women who had 
very high levels of FSH. In our study, no significant rela-
tions were found between LH or FSH levels and mental 
ability scores of older (over 75 yrs old) patients, but 
a negative correlation was observed between LH/FSH 
ratio and clock drawing test (CDT) results in women 
(Pawlikowski et al. 2020). 

Osteoporosis
Another great health problem associated with older 
age, mostly in women, is osteoporosis. Although osteo-
porosis is considered mostly as a result of oestrogen 
deficiency, the role of elevated FSH acting via FSHR 
expressed on osteoclasts should be also considered (Sun 
et al. 2006; Robinson et al. 2010). FSH serum concen-
trations in postmenopausal women with osteoporosis 
are increased in comparison to the respective controls 
(Chin 2018).

Age–related obesity and weight loss
The body weight gain is a common phenomenon 
in women in early postmenopausal age. The same 
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is observed also in middle–aged men. Liu et al. 
(2015) assumed that this body mass change is a result 
of a direct action of elevated FSH on the fat tissue. The 
quoted authors showed the positive correlation on the 
body mass index (BMI) in women in the early post-
menopausal age (51–59 yrs.) as well as in men aged 
61–69 yrs. In contrast, in a very advanced age a body 
weight loss is rather observed. Although this phenom-
enon may have many different causes, like loss of the 
appetite or impaired intestinal absorption, the role 
of elevated gonadotropins cannot be neglected. In our 
study we found a negative correlation of both FSH and 
LH levels with body mass index in older (> 75 years 
old) women (Pawlikowski et al. 2019). It is possible that 
the action of gonadotropin receptors in the fat cells is 
shifted from lipogenesis to lipolysis with advancing age, 
but this presumption needs further investigation.

Cardiovascular diseases
There are many papers showing that high FSH levels 
increase the risk of cardiovascular diseases including 
atherosclerosis in women (for review see: Lizneva et al. 
2019). In the men treated for the prostate cancer with 
androgen deprivation therapy (ADT), FSH has been 
suggested to increase the risk of atherosclerosis, insulin 
resistance and metabolic syndrome (Crawford et al. 
2017). It was suggested that these effects of FSH result 
from the activation of monocytes which infiltrate the 
atherosclerotic plaques. Activated monocytes enhance, 
in turn, the activation of osteoclasts, which resorb 
calcified areas and provoke the atherosclerotic plaque 
instability (Crawford et al. 2017). On the other hand, 
the over–secretion of LH may contribute to the devel-
opment of arterial hypertension. As it was described 
above, all adrenocortical layers express the LH/CGR. 
Thus, the elevated levels of LH may overstimulate the 
above – mentioned receptors. Because the age–related 
atrophy concerns zona reticularis, but neither aldoste-
rone–secreting zona glomerulosa nor cortisol–secreting 
zona fasciculata (Pawlikowski 2005), the overstimula-
tion of LH/CGR leads exclusively to aldosterone and 
cortisol hypersecretion (Saxena and Seely 2012). Both 
above mentioned hormones are known to be involved 
in the pathogenesis in arterial hypertension. LH may 
also stimulate the aldosterone secretion from the 
Conn’s adrenocortical adenomas (aldosteronomas), 
because these tumours also contain the active LH/CGR 
(Nicolini et al. 2014).

Cancer
The aging is also connected with the increased risk 
of cancer. Although there are no studies on the relation-
ship of gonadotropin excess with the cancer incidence 
in older people, FSH is suggested to increase the tumour 
neovascularization and in consequence, to  accelerate 
the tumorigenesis (Papadimitrou et al. 2016; Ghinea 
2018). Inhibition of FSHR as a novel therapeutic proce-
dure in oncology is suggested (Papadimitrou et al. 

2016; Ghinea 2018; Pawlikowski 2018). Because of the 
expression of LH/CGR in the breast cancer cells (Ziecik 
et al. 2005; Sanchez et al. 2016), it can be presumed that 
the LH excess may also enhance the cancer incidence in 
postmenopausal women.

CONCLUDING REMARKS 
AND PERSPECTIVES OF THERAPEUTIC 
APPLICATIONS 
Summing up, there is a bulk of the data indicating 
the involvement of the elevated gonadotropin levels 
in pathogenesis of age–related diseases in humans. 
Although the further studies of this problem are urgently 
needed, a novel approach of therapeutic interventions 
in the aging should be considered, namely the suppres-
sion of the elevated gonadotropin levels. So far, the most 
known therapeutic interventions in aging–related disor-
ders is the replacement with the gonadal hormones, 
mostly of oestrogens in women. It is worth to recall that 
their beneficial effects might, at least partially, depend 
on gonadotropin suppression. Such replacement proce-
dures, for instance the administration of oestrogens 
in postmenopausal women, have important limita-
tions. On the first place the increased risk of the breast 
cancer and cardiovascular complications connected 
with enhanced blood coagulation can be indicated. The 
compounds which suppress the elevated gonadotropin 
levels and at the same time decrease a risk of cardiovas-
cular pathology and neoplasia may be optimal in the 
prevention and treatment of age–related disorders. The 
GnRH analogues seem to be the best candidates for the 
clinical attempts in this respect. These compounds have 
been used for many years in the human therapy, mostly 
in the treatment of the prostatic cancer (for review see: 
Salciccia et al. 2016). Their effectiveness in suppressing 
of  gonadotropins and their safety is well known. The 
treatment with GnRH analogues is already suggested 
but limited so far to the Alzheimer’s disease (Casadesus 
et al. 2006). The preclinical studies on the animal models 
of Alzheimer’s disease were performed using the GnRH 
antagonist Cetrorelix with promising effects (Telegdy 
et al. 2009; 2010). Moderate encouraging effects were 
observed in a preliminary clinical study using another 
GnRH analogue leuprolide acetate in women suffering 
from the Alzheimer’s disease (Bowen et al. 2015).

We presume that the suppression of elevated gonado-
tropins possibly will be more effective in the prevention 
than in the treatment of age–related diseases. However, 
such presumption needs further intensive studies to be 
approved in the clinical practice.
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