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Abstract

Introduction: In older people, depression and mental disability are more frequently present than in younger subjects. It is found that de-
pression is a risk factor for dementia, just as dementia is a risk factor for depression. In turn, both disturbances are known to be influenced
by hormones. The present study aimed to see whether the hormonal changes in subjects over 75 years old correlate with the symptoms
of depression measured using the Geriatric Depression Scale (GDS).

Material and methods: In a group of patients aged over 75 years, concentrations of follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), oestradiol, testosterone, dehydroepiandrosterone sulphate (DHEAs), and cortisol were measured in serum with the use of
chemiluminescence. The symptoms of depression were estimated by GDS, and the mental functions were assessed by the Mini-Mental
State Examination (MMSE). The correlations between the obtained results were estimated by Spearman’s test.

Results and Conclusions: A significant correlation between GDS and MMSE scores was observed in the investigated patients. Some statisti-
cally significant correlations concerning cortisol and testosterone with GDS were observed in women, but not in men. On the other hand,
no significant correlations between concentrations of FSH, LH, DHEAs, and oestradiol with GDS were noticed. Our data support the role
of cortisol (possibly secreted during chronic stress) in the risk of depression. The gender difference in the mechanism of depression

and stress in older age could be also hypothesized. (Endokrynol Pol 2022; 73 (6): 917-921)
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Introduction

The World Health Organization (WHO) points out that
the most common mental and neurological disorders
in the older population (over 60 years) are dementia
and depression, which affect approximately 5% and 7%
of the subjects, respectively. Moreover, up to 15% of
older people exhibit clinical symptoms of depression
[1]. Depression is both underdiagnosed and under-
treated in primary care settings. The symptoms are
often overlooked and untreated because they co-occur
with other problems encountered by older adults.
The characteristic features in advanced age include
a large variety of symptoms including an increase in
the incidence of mild depression, the coexistence of
depression and dementia, the frequent comorbidity of
depression and somatic diseases, as well as increased
severity of somatic complaints [2]. Depression is
a leading cause of lack of independence and disability
around the world, and it diminishes the quality of life,
especially among older people [3, 4], which contributes
significantly to the overall global burden of the disease
[1,5]. This mental disorder also increases the perception

of poor health, the utilization of health care services,
and costs [5].

Understanding the causes of this mood distur-
bance in the elderly is a widely discussed topic, both
in the context of diagnostics and potential therapeutic
targets. Scientific studies indicate the potential relation-
ship of depression of older people with dementia as
well as with hormonal changes. Depression is likely
to be a risk factor for dementia, just as dementia is
a risk factor for depression, and in the group of people
with dementia, at least 20% of subjects develop a de-
pressive syndrome [6]. Up to 40-50% of patients with
Alzheimer’s disease show depressive symptoms.
Depression can sometimes overtake the appearance
of dementia and is more common in the early stages
of the disease [7-9]. The disturbed levels of hormones
such as dehydroepiandrosterone (DHEA) cortisol,
testosterone, oestradiol, luteinizing hormone, and fol-
licle-stimulating hormone may also be associated with
the onset of mood disorders and depression. An im-
portant role is linked to the alterations of hypothalam-
ic-pituitary-adrenal axis functions [10]. Frequent mood
swings, irritability, anxiety, a tendency to depression,
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and memory impairment are quite typical menopausal
and andropausal symptoms (for reviews see: [11, 12]).
Testosterone affects the processes that take place in
the hippocampus: the brain structure that plays a cen-
tral role in regulating memory processes, emotions,
and mood and the development of depression. Men
with hypogonadism — a defect that makes the testicles
not produce or produce too little testosterone — more
often suffer from depression and anxiety disorders [13].
A deficiency of oestradiol can also lead to irritability as
well as depressed mood and depression [14, 15]. A better
understanding of the relationship between depression
and hormone management in elderly people will al-
low the development of therapeutic indications, as in
the case of vasomotor symptoms.

In the literature there is no analysis that comprehen-
sively assesses the effect of hormone levels on the occur-
rence of depression and mood disorders in the elderly
population. Therefore, the present study aimed to see
whether the hormonal changes in adults over 75 years
old correlate with the symptoms of depression mea-
sured using the Geriatric Depression Scale (GDS) scores.

Material and methods

Patients

The project was approved by the Bioethics Committee of
the Medical University of Lodz, decision number RNN/363/17/KE.
The study material comprised 100 volunteer outpatients of the Geri-
atric University Clinic, Central Veterans’ Hospital in Lodz (Poland):
61 women (aged in the time of investigation 76-90 years; mean age:
80.6 years) and 39 men (aged 76-88 years; mean age: 79.6 years).
The anthropometric data (body mass index [BMI], waist-to-hip ratio
[WHR]) are presented and discussed elsewhere [18]. The patients
who had thyroid or adrenal disorders, diabetes, or severe hyperten-
sion were excluded at the recruitment phase. Similarly, the patients
who took the hormonal preparations (e.g. thyroxine, corticoids,
oestradiol, testosterone, DHEA) for the 12 months preceding
the study were also excluded.

Laboratory measurements

The quantitative determinations of the levels of the following hor-
mones in blood serum were performed: follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), oestradiol (E2), testoster-
one, dehydroepiandrosterone sulphate (DHEAs), and cortisol.
The blood samples were taken from the cubital vein in the morning.
For the determinations, we used technology based on competitive
or sandwich chemiluminescence immunoassays (CLIA). The mea-
surements were performed on the LIAISON XL analyser from Dia-

Sorin Inc. (Saluggia, VC, Italy or Stillwater, MN, United States) using
the kits produced by this company and dedicated to this analyser.

Measurement of mental functions and depression
The symptoms of depression were assessed with the 15-item Geri-
atric Depression Scale (GDS), characterizing the emotional status
of the participants in the previous 2 weeks. The GDS contains 15
“yes” or “no” questions characterizing the depressive status of
the respondent. The raw scores range from 0 to 15, where a higher
score indicates deeper depression. A cut-off value of 0-5 was de-
fined as the absence of depression, 6-9 as “probable depression”,
and 10-15 as “definite depression” [16].

Mental functions were assessed by the Mini-Mental State Examina-
tion (MMSE), a 30-point questionnaire used extensively in clinical
and research settings to measure cognitive impairment. A score
of 24 or more (out of 30) indicates a normal cognition, and scores
below can indicate severe (< 9 points), moderate (10-18 points),
or mild (19-23 points) cognitive impairment [17].

Statistical analysis
The correlations (r)) of the numerical data with the use of Spear-
man’s test were evaluated. Statistical significance was set at p <0.05

Results

The results of hormone measurements are shown
in Table 1. Their mutual correlations were described
in our previous paper, as were the results of BMI
and WHR measurements [18]. It was found that LH
and FSH concentrations are negatively correlated with
body mass, BMI, and WHR. In the present study we
confronted the hormone levels with the GDS scores.
The majority of the examined subjects presented
“normal” values of GDS scores (women 90.2%, men
87.2%). A significant negative correlation between
GDS and MMSE scores was observed in the women
(r,=-0.3151) and in the men (r, = -0.3157), which means
that depression is correlated positively with mental dis-
ability. No significant correlations between concentra-
tions of FSH, LH, DHEAs, and oestradiol with GDS were
noticed. On the other hand, some statistically significant
correlations concerning cortisol and testosterone with
GDS were observed. A positive correlation between
cortisol levels and GDS values was found in the women
(r, = +0.4040; Fig. 1). Such a correlation was not ob-
served in the men. Finally, testosterone levels are posi-
tively correlated with GDS in the women (r, = +0.2816;

Table 1. Hormone concentrations measured in women (W) and in men (M)

Oestradiol Testosterone .
FSH [mIU/mL] LH [mIU/mL] [pmol/L] [nmol/L] DHEAs [pg/dL] Cortisol [ug/dL]
W 87.9 = 27.17 21.2 =153 56.5 + 18.88 0.79 = 0.43 42,5 + 28.84 149 +7.35
M 23.3 +24.40 8.3 +7.01 113.6 + 36.79 12.1 £ 5.41 58.2 + 36.27 17.3 £5.76

FSH — follicle-stimulating hormone; LH — luteinizing hormone; DHEAs — dehydroepiandrosterone sulphate
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Figure 1. The significant positive correlation of Geriatric
Depression Scale (GDS) scores and cortisol concentrations in
older women (r, = +0.4040)

Fig. 2). Conversely, in the men this relation was negative
although not significant (r, = -0.2938, p = 0.07).

Discussion and Conclusions

This is the first study assessing the relationship of FSH
and LH to the symptoms of depression in both men
and women of advanced age. We were not able to dem-
onstrate any association of depression symptoms with
circulating gonadotropins, but we did show some as-
sociations of depression symptoms with cortisol and tes-
tosterone levels that have previously been shown in
younger populations. The observed correlations of GDS
and MMSE are compatible with the previously reported
causal relationship between depression and dementia
in older age [6]. The important finding in this study
was the observation of a positive correlation of serum
cortisol concentrations and GDS scores in older women.
This observation is compatible with many studies,
showing the higher levels of cortisol measured in dif-
ferent biological materials (plasma, saliva, urine, hair)
from depressed patients of various age and sex [19-24].
Our observation, taken together with the previous data,
indicates that stress is an important causal factor of
depression. However, we cannot exclude a reciprocal
role of depression in evoking stress. Oldehinkel et al.
denied the link between depression and stress mani-
fested by enhancement of cortisol secretion [25]. They
found no difference in urinary free cortisol excretion
between depressed elderly persons and non-depressed
control subjects. Moreover, they observed several cases
of the cortisol hyposecretion in chronic depression,
especially in males. The latter statement is interesting
in confrontation with our observation of the lack of
correlation between cortisol levels and GDS in the men.
However, the lack of statistically significant correlation

Figure 2. The significant positive correlation of Geriatric
Depression Scale (GDS) scores and testosterone concentrations
in older women (r, = +0.2816)

between the GDS scale and cortisol secretion in men
could be a result of the lack of material in this sex. Barca
et al.,, who investigated the relationship of cortisol
levels with depression and cognitive function in older
patients, found elevated hormone levels in subjects
with dementia accompanied by depression in compari-
son to those with either depression or dementia [26].
The quoted authors also found a relationship between
cortisol levels and MMSE scores. The higher levels of
this hormone are also considered as a risk factor of
dementia and Alzheimer’s disease by other authors
(for review see: [27]).

Unexpectedly, we did not find any significant re-
lation between GDS and DHEAs. The low DHEA is
considered to be linked with depression, and attempts
of depression treatment with this hormone have been
performed [28]. Higher serum DHEAs level was shown
to protect against the onset of depression in elderly
subjects [29]. Higher serum DHEAs levels are also pro-
tectively associated with depression symptoms in old
Japanese men, but not in women [30]. The declines of
DHEA (estimated as DHEAs) are also connected with
the impairment of cognitive functions [31], including
Alzheimer’s disease [32]. In light of the data quoted
above, we expected a negative correlation between
this hormone and depression symptoms in our patients.
A sharp decrease of DHEA and DHEAs secretions in
older persons are a result of age-related adrenal zona
reticularis atrophy (for review see: [33]). Secretions of
cortisol and DHEA are stimulated by adrenocortico-
tropic hormone (ACTH), and both adrenal hormones
are oversecreted during stress. Thus, the alterations of
their secretion may go in the same direction, but their
biological actions remain opposite. The lack of more
evident relations between DHEAs concentrations
and depression may be explained in our patients by
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the absence of a DHEAs response to the activation
of the pituitary-adrenal axis in very old age (over 75
years). Gender-dependence occurs in the relationship
between testosterone levels and GDS results. Higher
testosterone levels accompany higher depression scores
in women, but not in men. A similar observation has
been reported in women during the menopausal tran-
sition [34]. The explication of this result is probably
a psychological one; the eventual symptoms of andro-
genization are psychologically undesired in the case of
women, but not in men. As has been summarized in
arecent systematic review, the data on the relationship
between endogenous sex hormones and depressive
symptoms are inconclusive [35]. Available information
is even more scarce on the potential link between circu-
lating gonadotropins and depression. In one available
study depressive symptoms were not associated with
circulating gonadotropins in regularly menstruating
women [36]. On the other hand, women aged 36 to 45
years with a history of lifetime depression had higher
levels of serum LH and FSH and lower levels of oes-
tradiol [37]. Postmenopausal women with a decline in
total serum oestradiol and a large increase in FSH levels
over the 2-year period had increased risk of depressive
symptoms [38]. In the present study we did not find
any relationship between FSH, LH, and oestradiol
and depressive symptoms. We did not find any rela-
tionship between the remaining examined hormones
and depressive symptoms evaluated by GDS, but we
cannot exclude their existence. Our negative results may
depend on lack of material as well as on the much older
age of our patients in comparison to those investigated
by other authors.

To summarize, cortisol is a hormone strongly
related to depression in older women. This observa-
tion suggests the possible involvement of stress in
the pathogenesis of mood disturbances, at least in this
gender. Further studies on larger material are needed
to confirm and explain the gender-dependent role of
stress in the aging.
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