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ONALAN, G., ONALAN, R., SELAM, B., AKAR, M., GUNENC, Z. and TOPCUOGLU, A.  Mood 
Scores in Relation to Hormone Replacement Therapies during Menopause: A Prospective 
Randomized Trial.  Tohoku J. Exp. Med., 2005, 207 (3), 223-231 ── There is lack of 
studies in literature about the long-term effects of hormone replacement therapies and cho-
lesterol levels on mood scores in menopause.  In the present study we have investigated 
whether serum lipid levels affect mood scores in menopause and evaluated the long-term 
effects of the combined hormone replacement regimens (HRT) on depressive symptoms in 
postmenopausal women.  In this prospective-randomized, placebo-controlled, double-blind 
study, 286 women in menopause were divided into four groups according to therapeutic 
regimens they received; 1) Conjugated equine estrogen (CEE) of 0.625 mg plus medroxy-
progesterone acetate (MPA) of 2.5 mg (n = 79), 2) CEE (0.625 mg) plus MPA of 5 mg (n = 
77), 3) tibolone of 2.5 mg (a selective tissue estrogenic activity regulator) (n = 76), and 4) 
Calcium (Ca) of 1,000 mg (n = 54).  Beck Depression Inventory (BDI), and serum levels 
of lipoprotein lipids were assessed before and after 12-months of treatment with oral con-
tinuous HRT and Ca supplementation.  BDI scores in the study groups were not correlated 
with lipid profiles.  We compared two subgroups of patients with initial BDI scores 0-14 
(normal mood scores) in order to asses for the possible relation between the lipid profile 
and mood.  Following treatment, first subgroup had increased scores to 15-30 (mildly 
depressed women, n = 27) and the second subgroup preserved BDI scores of 0-14 (normal 
mood scores, n = 23).  Serum levels of total cholesterol, high-density lipoprotein, low-
density lipoprotein and body mass index were found to be similar between these two 
groups.  BDI scores decreased significantly in all HRT groups after 12 months of treat-
ment, compared to Ca group (p < 0.05).  We did not observe any correlation between BDI 
scores and lipid profiles before and following continuous HRT or Ca supplementation.  
Continuous combined hormone replacement regimens, CEE + MPA and tibolone, have 
superior long-term effects on mood scores in menopause and should be considered during 
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Epidemiologic studies worldwide report the 
prevalence of major depressive disorder about 
twice as high in women compared to those in 
men, especially during the childbearing years.  
Neuromodulatory effects of estrogen and other 
gonadal steroids impose a risk factor for mood 
disorders in women due to differential sensitivity 
to physiological hormonal fluctuations during 
premenstrual, postpartum periods, and perimeno-
pause (Barnhart et al. 1995 ; Joffe and Cohen 
1998; van Dam et al. 1999).  Response to antide-
pressant therapy also differs in premenopausal 
and postmenopausal women proposing sex steroid 
hormones as an etiologic factor (Kornstein 1997).  
Neurobiological studies demonstrate that estrogen 
regulates numerous aspects of noradrenergic, 
serotonergic, GABAergic and dopaminergic 
transmission and may substantiate mood and 
depressive states (Huttner and Shepherd 2003).  
Estrogen augments serotonin concentrations at 
synapses in postmenopausal women (Halbreich 
1997).  Serum levels of serotonin positively cor-
relate with serum levels of estradiol in postmeno-
pausal women and decreased levels of serotonin 
in the peripheral circulation and brain can be 
reversed by hormone replacement therapy (HRT) 
(Halbreich 1997).

Cholesterol is another modulatory factor in 
serotoninergic pathway (Brunner et al. 2002).  In 
vitro and animal studies report modulation of cen-
tral serotonergic neurotransmission by cholesterol 
content in neuronal membranes (Shih and Ohsawa 
1983; Kaplan et al. 1994).  Recent epidemiologic 
and clinical studies investigating the relationship 
between serum cholesterol levels and depressive 
mood have yielded equivocal results (Glueck et 
al. 1994; Boston et al. 1996; Huang et al. 2003; 
Ledochowski et al. 2003; Nakao and Yano 2004).  
In general, there has not been any consensus 
whether high or low cholesterol levels are associ-
ated with depression.

The relationship between menopause and de-

pression is not clearly defined.  However, clinical 
studies report frequent decline in cognitive func-
tions such as memory, altered mood and reduced 
libido in women during menopause (Halbreich 
1997; Genazzani et al. 2002).  Prospective popu-
lation-based studies report mild depression/mood 
changes in perimenopausal women rather than 
accusing menopause as a major etiology for 
depressive symptoms (Bungay et al. 1980; Hunter 
1992).  However, a recent meta-analysis revealed 
that unopposed estrogen most effectively 
improved depressed mood among postmenopaus-
al women (Zweifel and O’Brien 1997).  There-
fore, it is possible that the use of HRT in post-
menopausal women moderates the relation 
between depression and cholesterol, and could 
ameliorate the negative associations previously 
found.  HRT in postmenopausal women has also 
been associated with a reduction in total choles-
terol and low-density lipoprotein cholesterol and 
an increase in high-density lipoprotein cholesterol 
(Guetta and Cannon 1996).

To our knowledge, long-term follow-up stud-
ies about mood scores in relation to both HRT and 
cholesterol levels are lacking in menopause.  In 
the present study we aimed to determine if lower 
serum levels of lipids were risk factors for elevat-
ed depression scores, and whether long-term con-
tinuous combined HRT affected mood scores in 
postmenopausal women.

MATERIALS AND METHODS

The study was conducted in the menopause clinic of 
Ankara Research and Training Hospital between 1999 
and 2001.  Three hundred thirty two women out of 1,215 
women attending the menopause clinic were included in 
the study.

Inclusion criteria
Inclusion criteria for the study were; physiologic 

menopause with amenorrhea for at least 1 year and 
follicle stimulant hormone (FSH) levels ≧ 35 mIU/ml.  

the decision process for use of HRT due to menopausal symptoms. ──── menopause; 
cholesterol; depression; HRT
© 2005 Tohoku University Medical Press
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Patients with premature ovarian failure, surgical meno-
pause, diabetes mellitus, hypertensive disease, previous 
breast or endometrial cancer and patients using anticon-
vulsive, antidepressive, antilipidemic drugs and drugs 
affecting lipid levels (e.g., betablockers, diuretics, 
androgens, disulfram, corticosteroids, levadopa, and ami-
nosalycylic acid) were excluded from the study.  All sub-
jects were randomized according to computer-block-
number by a block design of 20.  The informed consent 
from all subjects and the local ethics committee approval 
were obtained.  The current study was approved by 
Ethics Committee of Ankara Training and Research 
Hospital.

Patients were free of low-calorie, cholesterol-lower-
ing diets, alcohol and were nonsmokers.  Blood samples 
were drawn after a night of fasting.  Automated enzymat-
ic calorimetric method was used for cholesterol and 
triglyceride determinations (Reflotron® 2000, Roche, 
Mannheim, Germany)

Therapeutic regimens
Patients who agreed to use HRT were randomized 

into one of the three oral continuous HRT protocols.  The 
regimens were daily course of either conjugated equine 
estrogen (CEE) 0.625 mg plus medroxyprogesterone 
acetate (MPA) 2.5 mg (Premelle 2.5®; Wyeth, Istanbul, 
Turkey) (n = 79), CEE 0.625 mg plus MPA 5 mg 
(Premelle 5®; Wyeth) (n = 77), or tibolone 2.5 mg (a ste-
roid compound that combines oestrogenic, progestogenic 
and androgenic properties that mimic the action of the 
sex hormones, Livial®; Organon, Istanbul, Turkey) (n = 
76) for 12-months of duration.  An additional group of 
patients who only agreed to use medications other than 
hormones were prescribed calcium supplementation, 
Calcium Sandoz Forte 1,000 mg (Roche, Istanbul, 
Turkey) (n = 54).  Patients in HRT group were not sub-
scribed calcium during the study period in order to evalu-
ate the effects of HRT and calcium treatments separately.

Study parameters
Studied parameters were recorded before and fol-

lowing 12 months of treatment period Patients were 
evaluated as their own controls.  Body mass index (BMI) 
was measured as kg/m2.  Patients’ educational, marital, 
socio-economic status and history of premenstrual syn-
drome (PMS), postpartum depression were recorded.  
Postpartum depression was defined as postpartum onset 
of reduction in mood, performance and drive as well as 
feelings of hopelessness usually accompanied by addi-

tional feelings of reduced self esteem, guilt, suicidal 
thoughts, changes of appetite, weight, libido, psychomo-
tor activity and sleep, all lasting most of the time for at 
least two weeks (Sampson 1989).  PMS was defined as 
symptoms that improve with either at the onset of men-
struation or shortly after (American Psychiatric 
Association 1994).  Prior history of PMS and postpartum 
depression diagnosis were recorded from the previous re-
cords of the patients (total cholesterol [TC], high density 
lipoprotein [HDL], low density lipoprotein [LDL] and 
triglyceride [TG] levels were measured before and after 
the treatment period).

Psychometric assessments
Psychometric assessments of depressive symptoms 

were performed with the translated version of the Beck 
Depression Inventory (BDI) which was tested and 
approved for the Turkish population (Hisli 1988).  BDI 
with self rating scales of 21 items (each item rated 0 to 3) 
provides a quantitative assessment of the intensity of 
depression over the past week (Beck et al. 1961).  In the 
current study BDI scores were recorded as 0 to 63 and 
women with scores 0-14 were accepted as normal while 
those with scores of 15-30 were accepted as mildly 
depressed.

Statistical analysis
Normality assumption was met for all continuous 

variables to be used in the regression analyses with the 
exception of HDL.  Analyses were therefore conducted 
with logarithmic transformed data for this measure.  
Primary data analyses were conducted in the following 
manner; first, zero-order correlations were computed 
among all variables of interest.  Next, hierarchical regres-
sion analyses were used to examine the contributions of 
BDI and HRT status in predicting lipid levels, after con-
trolling for the effects of age, BMI, and HRT status.  
Data were reported as mean ± S.D.  Numerical data were 
normally distributed (tested by Kolmogorov-Smirnov 
test).  Categorical data were analyzed using chi-square 
and numerical data were analyzed using student’s test 
(two-tailed) and one way ANOVA.  Repeated measures 
of analysis of variance were used for comparisons of 
treatments at 6-12 months.  P value < 0.05 was consid-
ered to be statistically significant.  Statistical analyses 
were performed using the SPSS for windows version 10.
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RESULTS

Initial number of subjects and patients that 
were followed up by the end of the study were 
332 and 286, respectively.  Forty-one patients 
from HRT group (18%) and 5 (9%) patients from 
calcium treatment group dropped out from the 
study.

Baseline parameters were similar between 
HRT and calcium treatment groups (p > 0.05) 
(Table 1).  Patients’ baseline BDI scores were 
mildly elevated in all study groups.  Average age 
for menopause was 52.4 ± 5.9 among women par-
ticipating in the current study.

BDI scores in the study groups were not 
correlated with lipid profiles, history of PMS, 
postpartum depression, age of husband, socioeco-
nomic and educational levels (p > 0.05).

We did not observe any significant differenc-
es in serum levels of TC, HDL, LDL, TG and 
BMI values among patients with BDI scores of 
0-14 and 15-30 before and after treatment.  BDI 
values did not differ among patients with hypo-

cholesterolemia (TC < 160 mg/100 ml, n = 25), 
normocholesterolemia (TC = 160-220 mg/100 ml, 
n = 150) or hypercholesterolemia (TC > 220 
mg/100 ml, n = 107) and also with serum levels 
of HDL ≧ 35 or < 35 mg/100 ml (p > 0.05).

We compared two subgroups of patients with 
initial BDI scores of 0-14 (normal mood scores).  
Following treatment, first subgroup had increased 
scores to 15-30 (mildly depressed women, n = 27) 
and the second subgroup preserved BDI scores of 
0-14 (normal mood scores, n = 23).  We did not 
observe any significant differences related to se-
rum levels of  TC, HDL, LDL and BMI values 
between the two subgroups (p > 0.05) (Table 2).

We analyzed the differences about lipid pro-
files before and following 12 months of treat-
ments in each study group.  TC, LDL levels and 
BDI scores were significantly different in all HRT 
groups compared to those in the Ca group (p < 
0.05), however differences in HDL levels were 
significantly different among all groups (p < 0.05).  
BMI values among the HRT groups were not sig-
nificantly different before and after 12 months of 

TABLE 1.  Baseline parameters of the study groups

Parameter CEE + MPA 2.5 mg 
(n = 79)

CEE + MPA 5 mg 
(n = 77)

Tibolone 2.5 mg 
(n = 76)

Calcium 1,000 mg
(n = 54)

Age (years) 51.6 ± 6 52.5 ± 6 53.3 ± 6 52.4 ± 5.9
BMI (kg/m2) 25.7 ± 3.5   25 ± 4.4   25 ± 3.7 25.8 ± 3.6
Number of children  2.1 ± 0.1  1.1 ± 0.1  1.1 ± 0.1   1.3 ± 0.1
Marital status

Married (%) 83 87 86 84
Single (%)   6 (5) 5 (4) 5 (4) 6 (3)
Widow (%) 11 (9) 7.8 (6) 9.2 (7) 10 (5)

Menopause duration (years) 4.4 ± 4  4.1 ± 3.8  5.1 ± 4.3   4.7 ± 3.3
Beck depression inventory  20.9 ± 13.8  17.8 ± 12.8  19.3 ± 13.5 16.2 ± 9.3
PMS (%) 49 58 59.2 51
Postpartum depression (%) 8.8 6.4   6.5 5.4
TC (mg/100 ml) 210.2 ± 35 211.2 ± 39.3 218.5 ± 38.4 214.7 ± 43.7
HDL (mg/100 ml)  45.8 ± 35.4  46.1 ± 14.8     48 ± 13.3   45.4 ± 13.3
LDL (mg/100 ml) 137.9 ± 36.6 138.7 ± 38.3 144.8 ± 38.4 141.1 ± 43.7
TG (mg/100 ml) 128.3 ± 85.6 127.7 ± 59 139.8 ± 74.6 121.3 ± 80.6

Values are mean ± S.D. unless otherwise indicated.  Differences among the groups were not statistically 
significant ( p > 0.05).  BMI, body mass index; PMS, Premenstrual syndrome; TC, total cholesterol; HDL, 
high density lipoprotein; LDL, low density lipoprotein; TG, triglyceride.
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treatment (p > 0.05).
Four regression analyses, one with each lipid 

measure (CHOL, HDL-C, LDL-C, and TG) as 
criterion, were conducted using the following pre-
dictor variables: age, BMI, HRT, BDI, and the 
interaction of HRT and BDI (Table 3).  The model 
explained 28%, 4%, 1%, and 18% of the variance 
in total cholesterol, TG, HDL-C and LDL-C, 
respectively (p < 0.05).  Standardized betas, 
squared semi partial correlation coefficients, and 
significance values for the individual predictors 
included in each regression analyses by criterion 
variable are displayed in Table3.  After removing 
the effects of all other predictors, the amount of 
shared variance between BDI scores and total 
cholesterol,  TG, and LDL-C were < 1%, 
respectively (p > 0.05).  In addition, HRT and 
BDI interaction uniquely accounted for < 1% of 
the variance in all lipids.

Patients with elevated BDI scores (≧ 15) 
before treatment, and decreased BDI scores (< 15) 
after treatment were considered to have improved 
BDI scores.  A multivariate logistic regression 
model was established in which “improvement in 
BDI scores” was considered as dependent vari-
able whereas, baseline age, BMI, number of chil-
dren, marital status, duration of menopause, pre-
menstrual symptoms, postpartum depression, 
serum levels of total cholesterol, HDL, LDL and 
triglycerides and groups were considered as can-
didate predictive variables.  We investigated base-
line parameters that could predict “improvement 
in BDI scores” after treatment.  There was a nega-
tive correlation between improved BDI scores and 
duration of menopause (odds ratio = 2.3, 95% 
confidence interval 1.2-7, p = 0.002) which also 
predicted the “responders” in the study.  Each one 
year increase in duration of menopause was asso-

TABLE 2.  Mean serum lipid levels in two subgroups of patients with initial BDI scores of <15 before treatment

Patients with BDI scores of < 15 
before treatment, and ≧ 15 after treatment

(n = 27)

Patients with BDI scores of < 15 
before and after treatment

(n = 23)
p value

TC (mg/100 ml) 213.4 ± 37.8  209.5 ± 41.7 0.08
HDL (mg/100 ml)   46.1 ± 14.8 47.3 ± 15 0.5
LDL (mg/100 ml)    143 ± 77.9  131.9 ± 34.2 0.2
BMI (kg/m2)    25 ± 3.7  25.1 ± 3.6 0.5

Values are mean ± S.D. unless otherwise indicated.  Differences among the groups were not statistically 
significant (p > 0.05).  BMI, body mass index; TC, total cholesterol; HDL, high density lipoprotein; LDL, 
low density lipoprotein.

TABLE 3.  Standardized regression coefficients, significance levels, and squared semipartial correlation for 
predictor variables

Cholesterol Triglyceride HDL-C LDL-C

Predictor β p Sr² β p Sr² β p Sr² β p Sr²
Age 0.17 < 0.01 0.03 0.02 0.62 < 0.01 −0.03 0.29 < 0.01 0.1 0.02 0.2
BMI 0.49 < 0.01 0.24 0.19 0.01 0.04 −0.06 0.57 < 0.01 0.4 < 0.01 0.16
HRT 0.02 0.77 < 0.01 0.01 0.9 < 0.01 0.07 0.34 < 0.01 −0.05 0.43 < 0.01
BDI 0.009 0.85 < 0.01 −0.02 0.67 < 0.01 0.07 0.25 < 0.01 0.023 0.68 < 0.01
BDI × HRT 0.01 0.82 < 0.01 −0.08 0.25 < 0.01 0.09 0.23 < 0.01 0.004 0.95 < 0.01

R²  F p R²  F p R²  F p R²  F p
Full model* 0.28 22.2 < 0.01 0.44 2.6 0.026 0.016 0.9 0.4 0.18 12.9       < 0.001

*Predictors: (Constant), BMI, age, HRT status, BDI, BDI × HRT.
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ciated with 2.3 times of decrease in BDI scores.  
Decrease in basal BDI scores after 12 months of 
treatment was significant in all HRT groups com-
pared to Ca group (p < 0.05).

DISCUSSION

Our data evaluating the effect of cholesterol 
levels on BDI scores during menopause indicate 
that there is no correlation between BDI scores 
and lipid profiles before and following treatment 
with all regimens.  Cholesterol levels do not intro-
duce an additional risk factor for depressive disor-
der during menopause.  When we analyzed our 
data with univariate statistical methods there were 

no relation between BDI score and lipid levels.  
Next when we used multiple lineer regression 
analyses, we also could not find any relation.  
Moreover, BDI scores in menopause are not relat-
ed to history of PMS and postpartum depression, 
marital, educational and socioeconomic status of 
women in the study.

In the literature, only one study evaluated the 
potential interactive relationship of depressive 
symptomatology (that was assessed using the 
Center for Epidemiological Studies Depression 
Scale) and HRT status (that study did not take into 
account route, dose and duration), to lipoprotein 
lipids in 70 postmenopausal women.  It reported 

Fig. 1.  Serum levels of total cholesterol, LDL, HDL and BDI scores before and after 6-12 months of 
calcium supplementation and HRT treatments including CEE 0.625 mg plus MPA 2.5 mg, CEE 0.625 
mg plus MPA 5 mg and tibolone in menopause.  TC, total cholesterol (mg/100 ml); LDL, low den-
sity lipoprotein (mg/100 ml); HDL, high density lipoprotein (mg/100 ml); BDI, beck depression 
inventory scores; CEE, conjugated equine estrogen; MPA, medroxyprogesterone acetate; S, statisti-
cally significant ( p < 0.05).  Differences among all subgroups were statistically significant 
(p < 0.001).  Time-course differences were also statistically significant in each HRT group (p < 0.05).
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an association between naturally occurring low 
cholesterol and higher levels of depressive symp-
toms (Brown et al. 2004).  Interpretation of these 
findings should be made cautiously, because of 
the relatively small number of participant women 
and a cross-sectional design, which precludes 
conclusions regarding the directionality of associ-
ation.  This is in contrast to our prospective, ran-
domized, placebo controlled study.

According to a previous report, 65% of the 
women who attend menopause clinics are within 
the depressed range of the Zung self-rating de-
pression scale (Anderson et al. 1987).  However, 
several studies report that women on HRT are dif-
ferent in many aspects from those of nonusers.  
Women who intend to use HRT have a more neg-
ative attitude toward menopause, lower levels of 
self-esteem, and higher levels of depressed mood 
and anxiety (Hunter and Liao 1994).  Women 
willing to use HRT during menopause may 
receive higher benefits in mood.  Therefore estro-
gen treatment, even in non-depressed individuals, 
enhances platelet 3H-imipramine binding and 
improves BDI scores (Sherwin and Suranyi-
Cadotte 1990).  Psychological functioning 
improves in asymptomatic peri-and postmeno-
pausal women undergoing estrogen therapy 
(Ditkoff et al. 1991).  Short term continuous hor-
mone replacement therapy regimens improve 
mood scores, however there are no enough data 
about the long-term follow-up of these regimens 
in literature (Bukulmez et al. 2001).

In the current study we evaluated the long-
term effects of continuous combined HRT regi-
mens, tibolone and calcium supplementation on 
BDI scores in menopause.  Calcium supplemented 
group was used as control simulating placebo 
effect for assessment of mood scores.  Calcium 
supplemented group consisted of women who ful-
filled all the inclusion criteria except that they 
were not willing to use HRT.  Baseline parameters 
of this group were not different from those of 
three HRT groups.  Following 12 months of treat-
ment basal BDI scores decreased significantly in 
all HRT groups compared to those of Ca supple-
mentation group.  Our data confirms previous 
reports suggesting that estrogen replacement ther-

apy is superior to placebo for mood disorders 
associated with hormonal fluctuations like post-
partum depression, mild depressive diseases dur-
ing perimenopause and menopause (Zweifel 
1997; Schmidt et al. 2000; Soares et al. 2001; 
Grigoriadis and Kennedy 2002).

Recent data from the Women’s Health 
Initiative (WHI) reports that HRT does not have a 
significant role for enhancing mood, quality of 
life and a variety of psychometric measures (Hays 
et al. 2003).  However, WHI has been criticized 
as not being a primary prevention trial.  Mean age 
of women in WHI study is above 60 years and 
most of the women have already been in meno-
pause for 10 years.  Following arguments about 
WHI study, use of HRT is suggested only for tran-
sitional vasomotor symptoms and genital atrophy 
during the first 2-3 years of menopause (Solomon 
and Dluhy 2003).  HRT may also be valuable for 
symptoms of mild depression during this period 
of menopause.

Continuous CEE + MPA 2.5 mg or 5 mg and 
tibolone regimens may be expected to reduce the 
estrogenic effects by antagonistic activity.  
Progestins may have variable effects on the brain, 
occasionally inducing dysphoric mood and altered 
behavior (Genazzani et al. 2002).  Especially 
by doubling doses of MPA we may expect lower 
BDI scores in menopause (Holst et al. 1989).  
However, we observed that the addition of MPA 
in two commonly prescribed doses as continuous 
combined HRT regimens did not significantly im-
pair favorable effects of estrogen on the depres-
sive symptoms and both combined regimens 
improved BDI scores evenly.  Improvement in 
mood scores with continuous combined HRT may 
reflect the direct or indirect interactions of HRT 
by serotoninergic system.  In addition, tibolone 
improves depressive symptomatology as much as 
CEE + MPA treatment.  Tibolone and its metabo-
lites may also act through estrogen receptors to 
enhance similar serotoninergic effects in the cen-
tral nervous system.

DSM-IV standardized diagnostic criteria are 
used for confirming the diagnosis of major 
depression and can only be evaluated by an expe-
rienced psychologist or psychiatrist (American 
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Psychiatric Association Diagnostic and Statistical 
Manual of Mental Disorders 1994).  In the cur-
rents study we preferred widely used BDI that 
detects depressive symptoms, assesses the severi-
ty of depression and also evaluates the effective-
ness of therapy in ameliorating the symptoms 
(Gath 1998).  BDI has high test–retest reliability 
and moderate sensitivity to change over time, 
however it may have some criteria overlap as loss 
of appetite and weight are characteristic symp-
toms of both physical and psychological disor-
ders.  Good normative data are also available for 
BDI and scale provides a scheme for sub-dividing 
depressive symptoms as mild, moderate and 
severe.

We conclude that, BDI scores in menopause 
may not be correlated with lipid profiles before 
and following continuous HRT and Ca supple-
mentation.  Cholesterol levels may not introduce 
an additional risk factor for depressive disorder 
whereas continuous combined hormone replace-
ment regimens including CEE + MPA and tibo-
lone may improve mood scores long-term in 
menopause.
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