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Correlation Between Hormonal and Neurochemical Changes and Depression
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Context: Menopause is characterized by amenorrhea and increase in the level of Follicular Stimulating Hormone (FSH) due to the
permanent cessation of ovarian function. This process causes changes in hormonal and other serum markers. Depression is the leading
cause of disease-related disabilities in women.

Objectives: The aim of this review was to investigate the correlation between hormonal and petrochemical changes and depression with
menopausal status.

Data Sources: We searched in Cochrane Library, MEDLINE, PubMed, Google Scholar, Web of Science and Scopus, Embase, the reference
lists of all related studies and major relevant review articles from 1960 to October 2014, and also abstracts from associated congresses and
meetings, using terms related to hormonal and serum markers, depression and its symptoms.

Study Selection: The survey included prospective, retrospective and case-control studies. The selected studies explored menopause in
study population and investigated variables and different markers in depression or anxiety, as well as those measuring depression or
anxiety intensity.

Data Extraction: Items for which data were extracted included the date and place of publication, study design, sources, human species,
age, control groups, selection and appraisal methods, outcome measurement tools, and author’s conclusions. One investigator (Mostafa
Chashmposh) collected the relevant reports, whereas two other authors independently reviewed the published data and reported
different hormonal markers related to depression as evaluated by different studies. Disagreements were resolved by the fourth reviewer's
decision.

Results: The period of menopause is mostly associated with a gradual decline of estrogen activity and increased secretion of nocturnal
melatonin. During menopausal transition, overnight cortisol levels were associated with changes in estrone glucuronide, testosterone,
and FSH levels. In addition, whole blood serotonin concentration is reduced during menopause. Furthermore, lipid markers including
total and LDL cholesterol levels increase during perimenopause. Moreover, plasma Brain Derived Neurotropic Factor (BDNF) concentration
decreases significantly in postmenopausal period. Based on different studies, the reduction of hormones including estrogen, serotonin
and BDNF during menopause are associated with depression in women. Further studies documented the relationship between depressed
mood symptoms and cortisol levels.

Conclusions: The available evidence suggests that transition to menopause and its changing hormonal and other serum markers are
strongly associated with depressed mood among women.
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1. Context

Menopause, the final menstrual stage, is defined as at
least12 months of amenorrhea and increase in serum Fol-
licle-Stimulating Hormone (FSH) and decreases in estra-
diol (1). The average age at menopause is approximately
51 years (2). Menopause process causes hormonal chang-
es accompanied by decreasing levels of sex hormones
including estrogens and androgens. Similar changes are
induced by ovarian malfunction created by cancer and
surgical menopause. Changes in hormonal and serum
markers can affect many tissues and generate a variety of
symptoms, including vasomotor signs, osteoporosis, im-
balance in energy metabolism and mood, pubic hair loss

and atrophy of gonads and sexual malfunction (3). Hor-
monal changes take place in three stages including pre,
peri and post menopause. In Premenopause stage, the
levels of reproductive hormones become more irregular
and hormone withdrawal symptoms begin to take effect
(4). Next stage, perimenopause, is of unknown features
and occurs 2-8 years earlier than the last menses. In early
perimenopause, neurohormonal systems begin to be-
come deregulated, without alteration in cycle length. The
middle and the end of perimenopause are characterized
by irregular menstrual cycles, especially by short cycles
associated with longer intervals between cycles (2). Post-
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menopausal stage involves women without menstrual
cycle for at least 12 months and incapable of becoming
pregnant or having lactation (4). Mood disturbances in-
cluding depression will lead to an epidemic proportion
in 21st century worldwide (5). Depression is the main
reason for disease related inability in women. Different
researches have revealed that the prevalence of a major
depressive disorder in women is approximately twice
higher than that of men (6). This prevalence could create
many problems and expenses for various nations. Differ-
ent biologic markers can be used to evaluate depressive
states. Endogenous depressions are multifactorial, where
the main non-endocrine risk factors for depressive syn-
dromes are ‘empty nest’, daily stress, health problems
and death of family members or a close friend. Other
non-endocrine risk factors are ageing, the socio-econom-
icsituation and recent periods of stress. These risk factors
occur frequently in people aged from 45 to 55 years, the
age of the menopausal transition. On the other hand, it
is well known that physiologically unstable endocrine
periods in life such as puberty, pregnancy, the post-par-
tum period, the premenstrual phase or the climacteric
stage are endocrine high-risk situations, independent of
non-endocrine risk factors (7). Transition to menopause
has long been considered a period of increased risk for
depressive symptoms. However, the extent to which this
period represents increased risk for major depressive dis-
order is less clear (8). In line with our recent studies on
women’s health, including diabetes (9) and depression
(10), the present survey attempts to determine correla-
tion between hormonal and neurochemical changes and
depression with menopausal status. Additional aspect
studied included treatment strategies reported in previ-
ous studies, which may improve women’s health espe-
cially in relation to physiology and nutrition.

2. Objectives

The aim of this review was to investigate the correlation
between hormonal and petrochemical changes and de-
pression with menopausal status.

3. Data Sources

Studies selected were based on a systematic search in
Cochrane Library, MEDLINE, PubMed, Google Scholar,
Web of Science and Scopus, Embase and the reference
lists of all relevant studies and major related review pa-
pers from April 1960 to October 2014, using terms in con-
nection with hormonal and serum markers, depression
and its symptoms and also abstracts from related con-
gresses and meetings.

3.1. Search Strategy

All relevant articles were found using the key words:
“Menopause,” “Premenopause,” “Perimenopause,” “Post-
menopausal,” “Depression,” “Serotonin,” “Melatonin,”
“Cortisol,” and “Hormonal changes” in various combina-

tions. Figure 1 illustrates the process of our search strat-
egy and the number of studies.

Cochrance Library, PubMed and Google
Scholar databases
79 articles

l Duplicates excluded

60 relevant full-text articles for
review

!

related to menopause =16
Related to pre, peri and post menpause =29
Related to depression =15

Figure 1. Flowchart of Study Selection for the Systematic Review

4. Study Selection

The survey included prospective, retrospective and
case-control studies. The selected studies explored meno-
pause in study population, investigated variables and dif-
ferent markers in depression or anxiety, as well as those
measuring depression or anxiety intensity.

5.Data Extraction

Items for which data were extracted included the date
and place of publication, study design, sources, human
species, age, control groups, selection and appraisal
methods, outcome measurement tools, and author’s
conclusions. One investigator (Mostafa Chashmposh)
collected the relevant reports, whereas two other authors
independently reviewed the published data and report-
ed different hormonal markers related to depression as
evaluated by different studies. Disagreements were re-
solved by the fourth reviewer’s decision.

5.1. Bias Prevention and Methodological Quality
Assessment

The quality assessment process was used for searching
potential sources/risk of bias in each study. The meth-
odological quality of trials was assessed independently
using criteria from the Cochrane Handbook for System-
atic Review of Interventions, Version 5.1.0 (W. Liu and X. J.
Xiong) (11). The items included random sequence genera-
tion (selection bias), allocation concealment (selection
bias), blinding of participants and personnel (perfor-
mance bias), blinding of outcome assessment (detection
bias), incomplete outcome data (attrition bias) and selec-
tive reporting (reporting bias).

6. Results

The results of previous studies have been classified
into two groups; including hormonal and physiological
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changes during the menopausal transition and changes
in serum markers of melatonin, cortisol, serotonin, brain
derived neurotrophic factor or BDNF, lipids and lipopro-
teins during the menopausal transition. The summary of
these results is shown in Table 1, but the results are fully
presented in the text.

6.1. Hormonal and Physiological Changes During
the Menopausal Transition

The period of menopause is mainly associated with
an increase in the rate of depressive symptomatology
characterized with slow decrease of estrogen activity.
Therefore, the estrogen has been considered as the most
important hormone concerned in the pathogenesis of
menopause- related depression (12). Different studies in-
volving estrogen therapy showed a mild improvement in
depression in women at different phases of menopause
(19, 20). However, this was not realized until Schmidt
and colleagues in 1990 reported that estrogen treatment

is better than placebo for perimenopausal depression
(21). Pearlstein reported that rates of depression did not
increase during the menopause but unstable mood and
anxiety symptoms elevated years before menopause. In
patients with cyclic affective disorders related to repro-
ductive function, the depression risk is enhanced during
the menopause (22). High levels of FSH were found in
depressed and anxious patients (23). A study carried out
on premenopausal women in 2003 demonstrated a high
degree of interconnections between signs of depression
and menopausal symptoms regarding clinical features
and hormonal levels. Our data in this article support
the relationship between depressive state, menopausal
symptoms and different factors including sex hormones,
cortisol, and serotonin deficiency (11). Decreased bone
mineral density has been reported in patients suffering
from several psychological disorders, such as schizophre-
nia, anorexia nervosa and major depressive disorders
found in premenopausal women (24).

Table 1. Studies Exploring the Correlation Between Hormonal and Neurochemical Changes and Depression With Menopausal Status

Research Groups Study Subjects

Objectives Outcomes

CohenlLSetal.2006(8) 460 premenopausal women, 36 to 45

years of age, with no lifetime diagnosis menopausal transition and onset of first lifetime
episode of depression among women with no

of major depression

Rajewska ] et al. To com-
pare Results confirm the
2003 (12)

60 women with mean age 43 and
single or recurrent major depressive
episode with disease onset after 38
year of age and 30 healthy control
women (mean age 41 years)

OkataniYetal., To 20 women with SA, 5 women with

evaluate therelation endometriosis showing normal men-
between Nocturnal strual cycles and 11 volunteers with
melatonin secretion in normal menstrual cycles

1994 (13)

OkataniY etal.1999 (14) 46 premenopausal women, 44
postmenopausal women, and 11 pre-
menopausal women with uterine leio-
myoma scheduled for hysterectomy
and bilateral salping-oophorectomy

Woods NFetal.2006 (15) N =132 women, up to 52 years

Woods NF et al.2006 (16)
early postmenopause stages

Gonzales GFetal.1993(17)  31regularly menstruating women

aged 25- 35 years, 10 premature ovar-

postmenopausal women aged 50 - 70
years, 20 bilateral ovariectomised
women aged 30 - 50 years

Sohrabji Fet al. 1995 (18) 49 -89 of the rat BDNF gene

To examine the association between the

To compare the activity of gonadal hormones and
serotonergic system in premenopausal women
with or without depression in relation to clinical
and hormonal menopause factors

To evaluate the relation between endogenous
estrogen concentrations and nocturnal
melatonin secretion occurring in patients with

To measure changes in nocturnal melatonin and
to characterize the role played by estrogen in
controlling nocturnal melatonin secretion in

To examine the influence of menopause related
factors, stress-related factors, symptoms, social,
and health-related factors on cortisol levels dur-

169 women in the middle or late MTor To determine whether cortisol levels change pro-
spectively during the Menopausal Transition (MT)

To investigate the effect of ageing and reduction
in ovarian function on whole blood serotonin
ian failure women aged 20 - 38 years, 13 levels and the effect of the estrogen replacement
in postmenopausal women on blood serotonin

To study the role and mechanism of estrogen ac-
tion in the survival and differentiation of neurons

Within a similarly aged population
of women with no lifetime history
of depression, those who enter the
menopausal transition earlier have
asignificant risk for first onset of
depression

history of mood disturbance

Results confirm the association
between depressive and meno-
pausal symptoms as well as an
involvement of gonadal hormones,
cortisol, and serotonin deficiency
in this process
Nocturnal melatonin secretion in
women with secondary amenor-
rhoea may be related to their low
Secondary Amenorrhoea (SA) oestrogen concentrations
Transient elevated nocturnal
melatonin secretion during
menopause may be related to
the existence of a low estrogen
environment

perimenopausal women

Overnight cortisol levels during
the MT were associated with E1G,
testosterone, and FSH levels.

ing the menopausal transition
Cortisol levels rise with age, but
have not been linked to stages of
the MT

Whole blood serotonin

concentration is reduced during
menopause by suppression of
ovarian function but may also be
levels an effect of ageing
Estrogen may regulate BDNF
transcription

in the basal forebrain and its targets in the cere-
bral cortex, hippocampus, and olfactory bulb
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6.2. Changes in hormones and serum markers dur-
ing the menopausal transition

6.2.1. Melatonin

Melatonin is produced in the pineal gland and its diur-
nal pattern is connected to circadian rhythm, with low
level of production in day and high concentration at
night (25). The adrenergic stimulation of N-Acetyltrans-
ferase (NAT) function at night is responsible for this diur-
nal difference (26). Because of detection of sex hormone
receptors in the pineal gland of rat (27, 28), this data has
supported the regulation of melatonin synthesis by the
sex steroids (29, 30). The nocturnal secretion of mela-
tonin is markedly increased in women with secondary
amenorrhea whose estrogen levels are extremely low (31,
32); exogenous estrogen stimulation suppressed such
melatonin secretion (13). However, Bartsch and cowork-
ers have stated that both transdermal and oral estradiol
therapy can enhance and also reduce melatonin synthe-
sis in different postmenopausal women (33). Okatani et
al. found a temporary increase in pineal melatonin syn-
thesis during the perimenopausal period in rats. They
also found that the increased melatonin synthesis may
result from decreasing levels of endogenous estrogen
during this period (14). In another study, Okatani Y et al.
stated the role of estrogen in regulating nocturnal mela-
tonin synthesis in perimenopausal women. They assayed
the changes of nightly melatonin secretion in perimeno-
pausal women and then investigated the effect of oopho-
rectomy and estrogen therapy on nocturnal melatonin
synthesis in these women (25).

6.2.2. Cortisol

Cortisol plays a key role in facilitating responses to psy-
chobiological load (34). The diurnal pattern of cortisol
is connected to circadian rhythm, eating and sleeping,
physical actions, and challenges in life (15). Based on pre-
vious studies, we hypothesize that cortisol levels would
raise with age (35, 36). Furthermore, different evidences
would reinforce a hypothesis that cortisol concentration
is increased in response to both enhanced endogenous
and exogenous estrogen levels (37, 38). Past evidences
documented a relationship between depressed mood
symptoms and cortisol levels (39). Rising cortisol levels
have been associated with poor health, including lower
bone density in older women (40), and could be hypoth-
esized to relate to perceptions of poor health (41). In a
study, Woods N et al. observed an increase in overnight
cortisol levels as women transitioned from the early
to the late menopausal transition stage (16). In another
study, Woods N et al. stated that the overnight cortisol
concentration in menopausal transition was connected
with estrone glucuronide, testosterone, and FSH concen-
trations. Furthermore, they were considerably associated
with norepinephrine and epinephrine hormones (15).

6.2.3. Serotonin

Serotoninergic nerve cell bodies are placed in the raphe
nuclei of the midbrain and have various functions all
over the brain, containing regions implicated in emotion
modulation and cognition like the limbic system, hip-
pocampus and frontal cortex (42). During menopause,
Serotonin level is decreased by halting ovarian function
which may also be affected by ageing. Gonzales et al.
stated that in ovariectomised/natural postmenopausal
or Amenorrheic women, serum serotonin concentration
is lower than regularly menstruating women and serum
serotonin concentration enhanced after estrogen ther-
apy in postmenopausal women. They indicated that in
ovariectomised women, serum serotonin concentration
were inversely associated with age. On the other hand,
in women with different blood estradiol concentration,
a direct association was found between blood estradiol
and blood serotonin concentrations (17). Latest neurobio-
logical studies reveal that serotonin is the neurotransmit-
ter mainly concerned in the pathogenesis and improves
the menopausal depression (11). This may be because of
multiple interactions of serotonin system with estrogen
(43). An abnormality of serotonergic system was shown
in perimenopausal depressed women (44) and serotonin
dysregulation was also involved in the pathogenesis of
somatic menopausal signs like hot flushes, night sweats
etc., (45). The majority of antidepressant drugs execute
their therapeutic functions via serotonergic mechanism
(11), which is associated with a regulatory effect of estro-
gen on serotonin receptors, including 5HTIA and 5HT2,
as targets of antidepressant drugs, beside increasing the
serotonergic function (46).

6.2.4. Brain Derived Neurotrophic Factor or BDNF

BDNF is mainly considered as neurotrophin inside the
brain (47) and modulates growth and survival, morpho-
logical plasticity and finally synthesis of new neurons
with differentiated function (48); moreover, BDNF is con-
sidered to regulate other neurotransmitters including
monoamines, amino acids, and peptide like serotonin
and dopamine (49). In preceding research, Begliuomini
et al. revealed that blood BDNF alterations are directly as-
sociated with those of estradiol and progesterone over
the entire menstrual cycle. Also, the blood BDNF level
reduces significantly in postmenopausal stage, support-
ing a major role of gonadal hormones in the modulation
of neurotrophin expression (50). Therefore, the phys-
iopathology of climacteric signs including depression,
hot flashes etc., may correlate with the wide spectrum
of sex hormones actions on neurons functions both
directly through hormone receptor relations and indi-
rectly via alterations in neurotransmitter concentration
and neurotrophin activity (51). Some reports suggesting
the involvement of BDNF in regulating estrogen actions
showed that it could modulate the expression of BDNF
via the estrogen response element on the BDNF gene (18,
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52). In recent years, the importance of non-hormonal al-
ternatives for the decreasing the climacteric symptoms
has enhanced, i.e. the use of Selective Serotonin Reuptake
Inhibitors (SSRIs) for the treatment of vasomotor and
neuropsychiatric diseases. Paroxetine, the most impor-
tant of SSRIs is shown to considerably decrease hot flush
frequency/severity composite scores in trials (53, 54), in
that paroxetine improves the depressive state by increas-
ing BDNF levels.

6.2.5. Lipids and Lipoproteins

Epidemiological evidences show an inverse relation-
ship between the consumption of ®w-3 long-chain poly-
unsaturated fatty acids and depression incidence (55).
Women in Premenopausal state have markedly less arte-
riosclerotic vascular disease than men. After menopause
state, cardiovascular disease suddenly increases, with no
difference between men and women aged more than 70
years. Hence, menopause is thought to be one of the risk
factors for increasing lipids and cardiovascular diseases
(56). Several studies have revealed that total cholesterol
and LDL levels enhance after menopause (57, 58). Cho et
al. reported the rising levels of LDL and total cholesterol
levels in perimenopause, where changes in cholesterol
are largely based on variations in the female gonadal
hormones (59). These results suggest that changes in
total cholesterol and LDL cholesterol and lipids associ-
ated with menopause are mainly dependent on female
gonadal hormones. Furthermore, these outcomes sug-
gest that depression is caused by increasing lipids dur-
ing menopause. Nevertheless, a number of observational
researches demonstrated that decrease in the levels of
serum cholesterol is related to an increase in suicide or
violent deaths but the basis of this possible association
is under investigation (60). Therefore, further studies are
needed to determine the effects of lipids on depression
during menopause.

7. Conclusions

The present review describes the correlation between
hormonal changes and depression in menopausal status.
In menopause, the final menstrual stage, hormonal and
neurotransmitter changes may lead to depression. Over-
night cortisol levels during the menopausal transition
were associated with estrone glucuronide, testosterone,
and FSH levels. In addition, whole blood serotonin con-
centration is reduced during menopause. Furthermore,
plasma BDNF concentration decreases significantly in
postmenopausal stage. The available evidence suggests
that transition to menopause and its changing hormon-
al and other serum markers are strongly associated with
the depressed mood among women.
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