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Abstract The aim of this study was to determine whether
there was any relationship between hippocampal volume,
and glucocorticoid regulation, and cognitive dysfunctions
in drug-naive major depressive disorder (MDD) patients
during their first episode. Twenty drug-free female MDD
patients in their first episode and 15 healthy females as
control subjects were included in the study. All subjects
underwent 3.0 Tesla (T) magnetic resonance imaging
(MRI), comprehensive neuropsychological testing and
dexamethasone suppression tests (DST). The volumes of
the right and left hippocampus of the patients were found to
be significantly smaller than those of the controls. Patients
were found to have significantly lower scores on measures
of attention, working memory, psychomotor speed, exec-
utive functions, and visual and verbal memory fields. The
performance of the patients only in the recollection mem-
ory and memory of reward-associated rules were positively
correlated with hippocampal volumes. The volumes of the
left and right hippocampus did not correlate with basal or
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post-dexamethasone cortisol levels. Our findings indicate
that depressed patients have smaller hippocampi even in
the earlier phase of their illness. Further research efforts are
needed to explain the mechanisms that are responsible for
the small hippocampus in depressed patients.
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Introduction

Morphometric differences of the hippocampus have been
detected in patients with major depressive disorders (MDD)
by using magnetic resonance imaging (MRI) [5, 39]. Vol-
umetric diverseness was shown most consistently in patients
who were older [2, 19, 28, 34, 37], experienced recurrent
episodes [3, 25, 39] and had more untreated days [36].
Majority of studies have shown a smaller volume in
depressed patients [5, 39]. However, there are few studies
investigating the volume of the hippocampus in drug-naive
MDD patients during their first episode [15, 25].

Changes in the volume of the hippocampus have been
detected in experimental studies and widely attributed to
excessive and long-term glucocorticoid secretion in MDD
patients [10, 31, 43]. However, peripheral glucocorticoid
levels and feedback mechanism were not found to be
related with hippocampal volume in human studies [8, 28,
34, 35, 40]. Lack of the relationship may be due to the
characteristics of the patients with depression involved in
these studies. Age, number of episodes, treatment, partic-
ularly ECT, and mood status may have significant effect on
glucocorticoid levels [13, 26]. Therefore, the relationship
between hippocampal volume, and glucocorticoid levels,
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and feedback mechanism would potentially be clearer in
drug-naive MDD patients during their first episode.

In the studies mentioned above, gender is another
important conflicting variable. Gender-specific differences
were detected in the prevalence and clinical course of
depression [20]. Neuroendocrinologic and genetic factors,
as well as psychological and sociological factors, contribute
to the distinction between the genders [9, 21]. It is possible
that the neurobiology of depression may be different in man
and woman. HPA axis, which has the particular attention of
our study, shows sex-specific differences in depressed
patients [23]. The results of a recent study reflect gender
differences in the pattern of cortisol rise and decline during
the social challenge. Moreover, effects of genetic poly-
morphisms on cortisol levels vary according to the gender
[23, 33] In addition, woman is at low risk in the hidden
vascular compromises, which have a certain distorting
effects on the hippocampal structure [1, 22]. Therefore we
aimed to work on a biological parameter in a biologically
homogeneous women group.

The hippocampus is known to have a role in memory-
related cognitive processes and executive functions. It was
stated that the structural changes of hippocampus may
affect its functions. In literature, there is only one study that
examines the relationship between neurocognitive tests and
hippocampal volume in the first episode [25].

The aim of this study was to determine whether there
was any relationship between hippocampal volume, and
glucocorticoid regulation, and cognitive dysfunctions in
drug-naive MDD patients during their first episode.

Materials and methods
Subjects

Twenty consecutive adult patients from the Department
of Psychiatry, Hacettepe University currently with first-
episode MDD participated in the study. Fifteen healthy
subjects were recruited as control group by local adver-
tisements. All participants were female. None of them had
ever used any psychotropic drugs before. All subjects were
assessed with a structured psychiatric interview (the
Structured Clinical Interview for Diagnosis for DSM-IV
disorders; SCID) by a senior psychiatrist [14]. SCID, which
also assesses previous psychiatric symptoms, and history
taken from the family were used to confirm that the index
episode of illness was the first episode for the patients.
Patients and comparison subjects underwent comprehen-
sive medical and neurological examinations. Subjects were
excluded if they had: (1) a history of DSM-IV Axis I dis-
order (except major depression for the patients); (2) a
history of the use of any psychotropic or corticosteroid
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medication; (3) scores lower than 17 on the 17-item
Hamilton Depression Rating Scale (HDR-S) [17]; (4) any
neurological disease, (5) any physical illness demonstrated
by personal history, or clinical or laboratory examinations;
(6) pregnancy or lactation within a year; (7) left-handed-
ness as assessed by Chapman and Chapman Handedness
Inventory [7, 27]; (8) contraindications to magnetic scans;
(9) being under 18 years or over 50 years; (10) first-degree
relatives having a history of neurological or mental illness.
During neurocognitive assessment, MRI scanning and DST
evaluations, all participants were not in the menstruation
phase of the cycle.

The study, which conforms to the code of ethics set out
in the Declaration of Helsinki, was approved by the local
ethical committee (FONO0331-8/2003). Written informed
consent was obtained from all subjects after the study was
fully explained.

Neurocognitive assessment

The neuropsychological assessment was carried out on the
same day as the MRI examinations. Digit Span, Logical
Memory and Visual Reproduction subtests of the Wechsler
Memory Scale Revised Version [41], the Wisconsin Card
Sorting Test [18], the Trail Making Test [29] and the
Verbal Fluency Test [43] were included in the neurocog-
nitive assessment battery.

MRI scanning and analysis protocol

None of the patients were taking medication at the time of
MRI scanning. The MRI (3T, Allegra, Siemens, Erlangen,
Germany) images were acquired using the three-dimen-
sional magnetization-prepared rapid acquisition gradient
echo (MPRAGE) data sets with the following parameters:
TR, 2250.0 ms; TE, 4.4 ms; TI, 1100 ms; flip angle, 8°;
FOV, 261; FOVP, 68.8; resolution, 256; P resolution, 75;
matrix, 132 x 256; TS, 4.59; voxel size, 1.4 x 1.0 x 1.0;
slice thickness, 1 mm. The sequences were chosen to give
good gray—white matter contrast. Transverse T2-weighted
FLAIR images were obtained to exclude the presence of
cranial abnormalities (Fig. 1). The parameters were as
follows: TR, 7,000 ms; TE, 84 ms; flip angle, 180°; FOV,
240; FOVP, 71.9; resolution, 256; P resolution, 91; matrix,
132 x 256; TS, 3.12; voxel size, 1.0 x 0.9 x 6.0; slice
thickness, 4 mm. The scanner alignment tool and immo-
bilizing head helped to ensure standardized positioning.
DICOM images were transferred to a computer workstation
(Macintosh, Apple Computer). Volume rendering was
performed using OSIRIX, version 3.2, image processing
software for medical research. Images were reoriented to
the anterior posterior commissure line before volume
rendering.
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Fig. 1 Transverse T2-weighted FLAIR images were obtained to
exclude the presence of cranial abnormalities

The definition of the anatomy and the boundaries of the
hippocampus were based on the protocol of O’Brien et al.
[28]. Sagittal and coronal views of the hippocampus are
shown in Fig. 2. The fimbria, alveus, dentate gyrus,
subiculum and the cornu ammonis were included in the
measurements. The fornix and CSF spaces around and
within the hippocampus were excluded. The hippocampus
was measured beginning from the most caudal slice where

Fig. 2 Sagittal (a) and coronal (b) views of the hippocampus

the hippocampus was clearly visible, on which the fornix
was visible at its longest length, to the rostral where the
head of the hippocampus was not clearly visible. To briefly
summarize, the boundaries of the hippocampus were
defined as follows: the choroid fissure in the superior
boundary, the medial subarachnoid structures of various
cisterns (for example, ambient cistern), the white matter of
the parahippocampal gyrus in the inferior boundary and the
temporal horn of the lateral ventricule on the lateral side.
The amygdala—hippocampal boundaries were defined in
the sagittal plane and then projected to the coronal plane.
To separate the anterior side of the hippocampus from the
amygdala alveus, a white matter structure, was used as a
demarcation line.

To outline the region of interest (ROI), manual tracing
with a mouse-driven cursor was used. Boundaries were
traced in the following order: lateral, inferior, medial and
superior, so as to be certain of the consistency and com-
parability of techniques between both hemispheres. One
rater, trained in MRI and blinded to the diagnosis of the
data sets, measured the ROI. Intra-class correlation coef-
ficients were counted as a measure of reliability. On ten
brain scans, which were randomly selected to determine
inter- and intra-rater reliability, the intra-class correlations
of hippocampal volume were 0.92 and 0.93, respectively.
All brain tissue superior to the pons was included in the
measurement of the whole brain volumes. To determine
inter- and intra-rater reliability, ten brain scans were ran-
domly selected and the intra-class correlations of the whole
brain volumes were 0.94 and 0.92, respectively.

Dexamethasone suppression test (DST)

DST was used to evaluate the levels and feedback mech-
anism of glucocorticoids. The commercially available
solid faze, chemiluminescence enzyme immunoassay kits
(Immulite 2000, Biermann, Germany) were used for corti-
sol measurements with a detection limit of 0.20 pg/dl and
intra- and inter-assay coefficients of variation of 6.1 and
8.2%, respectively.

On the first day, blood samples were collected twice (at
08:00 and 16:00 hours) to measure baseline cortisol con-
centrations, and on that night (at 23:00 hours) 1 mg of
dexamethasone was administered orally. The following
day, blood samples were again taken twice at the same
intervals. At least one cortisol level after dexamethasone
administration of 5 pg/dl or above was defined as non-
suppression [6].

Statistical analysis

Student’s ¢ test was performed to compare sociodemo-
graphic features, MRI measurements, neurocognitive test
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scores and blood cortisol levels. Pearson’s correlation
coefficient was used to correlate sociodemographic fea-
tures, clinical variables, neurocognitive test scores and
blood cortisol levels with MRI measurements. Bonferroni
correction was used to adjust for multiple testing. Two-
tailed significance level was set at P < 0.05.

Results
Demographic and clinical characteristics

Demographic variables of the subjects can be seen in
Table 1. Two groups were similar in terms of age, years of
education, height and weight. The mean duration of the
patients’ illnesses and the standard deviations derived from
it was 4.65 £ 3.55 months. Means and the standard devi-
ations of the HDRS scores, which show the severity of the
illness was 23.10 + 4.20.

Volumetric results

The whole brain volumes of the two groups were similar.
The normalized values of the right and left hippocampus of
the patients were found to be significantly lower than those
of the controls (Table 2).

Hippocampal volumes of patients and controls did not
show any significant correlations to the age, length of
education, or severity and duration of the illness.

Table 1 Demographic characteristics of first-episode MDD patients
and healthy subjects

MDD Healthy t P df

patients controls

Mean (SD)  Mean (SD)
Age (years) 32 (8.52) 29.3 (5.8) 1.05 0302 33
Education (years) 11.8 (244) 13.2(2.6) —1.63 0.112 33
Height (cm) 163.1 (4.44) 165.8 (4.1) —1.86 0.071 33
Weight (kg) 612 (7.48) 622 (44) —-048 0.633 33

MDD major depressive disorder

Neurocognitive performance

As can be seen in Table 3, patients exhibited poorer
performance in many subsets of the battery as compared to
the healthy subjects. On examining the correlation, left
hippocampal volume was significantly correlated with
the Logical Memory-I (r = 0.50, P = 0.024) and right
hippocampal volume was significantly correlated with
the percentage conceptual level response in the WCST
(r = 0.46, P = 0.05) in the patients. The other analyses did
not show any significant correlation in patients. None of the
subsets of the battery was correlated with hippocampal
volumes.

Hormonal evaluation

The only difference of cortisol level between the patients
and the control group was found to be in the post-dexa-
methasone evening measurement (Table 4).

DST non-suppression was observed in five patients
(25%) of the patient group and two subjects (13%) of the
control group (P > 0.05). Hippocampal volumes correlated
with neither baseline nor post-dexamethasone cortisol
levels in patients and controls.

Discussion

In this study, we found that decreased hippocampal volume
exists in female patients with major depression in the first
episode. Moreover, it was related to poor performances in
some cognitive skills. However, no significant correlation
was detected between the duration of illness and hippo-
campal volume. In addition to these findings, peripheral
glucocorticoid levels and feedback mechanism were not
found to be related to the volume of the hippocampus.
Few studies have evaluated the hippocampal volume of
patients in their first episode. The first study reported lower
volumetric measurements in male, but not female, patients
[15]. In a further study, hippocampal volume was investi-
gated in patients with recurrent episodes and in the first-
episode patients. Patients having recurrent episodes only
revealed statistically significant decreased volume of

Table 2 MRI data for first-episode MDD patients versus healthy subjects

MDD patients
Mean (SD)

877.32 (54.54)
2.85 (0.33)
2.72 (0.32)

Whole brain volume (cm®)
N-HV left
N-HV right

Healthy controls t P daf

Mean (SD)

889.26 (45.51) —0.69 0.497 33
3.52 (0.33) —6.01 0.000 33
3.40 (0.25) —6.72 0.000 33

MDD major depressive disorder, N-HV, normalized value of the hippocampal volume = volume of the hippocampus/volume of the whole

brain x 100
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T(:lrlf)(l)(;rgarizlslrﬁlcoigﬁl\: :;idt MDD patients Healty controls t P
E ontrols p ) Mean (SD) Mean (SD)
Digits forward 5.80 (2.44) 7.47 (1.85) —2.21 0.034
Digits backward 5.60 (1.43) 6.80 (1.82) —2.18 0.036
Logical memory-I 21.45 (6.65) 34.40 (10.83) —4.37 0.000
Logical memory-IT 20.50 (7.58) 32.20 (11.74) —3.58 0.001
Visual reproduction-I 29.95 (5.28) 36.13 (3.60) —-3.90 0.000
Visual reproduction-II 27.85 (6.36) 36.53 (3.13) —4.85 0.000
Trail making-A 52.25 (17.91) 31.87 (9.37) 4.01 0.000
Trail making-B 116.60 (50.73) 70.47 (24.40) 3.24 0.003
Verbal fluency-word 26.60 (11.07) 34.00 (13.42) —1.73 0.094
Verbal fluency-category 41.90 (12.82) 55.00 (10.12) —-3.37 0.002
Verbal fluency-alternation 11.15 (5.55) 12.13 (2.48) —0.64 0.500
WCST subscores
Errors 29.05 (10.92) 14.67 (5.49) 4.67 0.000
Preservative errors 14.95 (5.94) 8.13 (3.02) 4.04 0.000
Trials complete, first category 13.68 (6.41) 12.27 (3.22) 0.78 0.441
df: 33. MDD major depressive Percentage of conceptual level responses 64.84 (10.46) 78.13 (6.00) —4.38 0.000

disorder

Table 4 Cortisol measurements in patients and controls

Cortisol levels MMD Healty t P df
(pg/dl) patient controls
Mean (SD) Mean (SD)
Baseline
08.00 a.m. 19.09 (5.06) 17.66 (7.33) 0.68 0.500 33
16.00 p.m. 9.48 (3.78) 7.15(3.26) 191 0.055 33
Post-dexamethasone
08.00 a.m. 2.71 (3.04) 247 (443) 0.19 0.800 33
16.00 p.m. 2.92 (2.55) 143 (1.17) 2.10 0.020 33

MDD major depressive disorder

hippocampus [25]. Lack of volumetric differences in the
first-episode patients was attributed to the younger age of
the participants. Moreover, they speculated that older age
of onset may be associated with greater exposure of
subthreshold depression or to depression associated with
vascular or other neurological disease [22, 25]. In contrast
to these studies, we found significant differences in
hippocampal volume between the female patients with
first-episode depression and the controls.

Although severity of the illness, duration of illness and
days without treatment were found to be related to hippo-
campal volume in patients with recurrent episodes [4, 32,
35, 39], in our study, parallel to the findings of other first-
episode studies [15, 25], these variables did not correlate
with the hippocampal volume.

There are powerful experimental evidences for the
hypothesis of glucocorticoid toxicity in hippocampal
damage [10, 11, 30]. However, the relationship between

the volume of the hippocampus and peripheral glucocor-
ticoid system has not been clearly demonstrated by volu-
metric studies in human beings [8, 28, 34, 35, 40]. In
previous studies, correlation was only evaluated in patients
with recurrent depression. It is well known that not only
recurrent depression, but also age, treatment, particularly
ECT, and mood status may have significant effect on
glucocorticoid levels [26]. To eradicate these confounding
factors, we assessed the relationship between hippocampal
volume and glucocorticoid levels in early phases of the
illness. However, we did not detect any correlation
between the volume of the hippocampus and the peripheral
glucocorticoid system. One of the possible reasons behind
that may be the use of DST, which is probably not the best
approach for identifying HPA abnormalities. Presumably,
hypercortisolemia may exert effects on hippocampus in the
presence of some other factors. Among these other possible
determinants of hippocampal damage are apolipoprotein
genotype [28], serotonin transporter promoter polymor-
phism [16, 38] and brain-derived neurotrophic factor
Val66Met polymorphism [24].

Depressed patients show differential impairment on
recollection memory tasks that are dependent on the hip-
pocampus [5]. It has been reported that hippocampal
changes may precede neurocognitive functional deteriora-
tion in depression patients [28]. However, MacQueen et al.
[25] detected poor performance in several hippocampus-
related neurocognitive tests in first-episode depressed
patients, despite hippocampal volumes of these patients not
being significantly different from the controls. In our study,
patients exhibited a poorer performance in many of the
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subtests of neurocognitive battery. Patients were found to
have significantly lower scores on measures of attention,
working memory, psychomotor speed, executive functions,
and visual and verbal memory fields. Moreover, hippo-
campal function-related tests (Logical Memory tests and
percentage conceptual level) were found to be associated
with the hippocampal volume. The Logical Memory test
gives us some insight into recollection memory. Percentage
conceptual level response in the WCST is related with not
only executive functions, but also memorizing reward-
associated rules [12]. These results indicate that hippo-
campal pathology has functional importance in the pre-
sentation of the neurocognitive dimension of depression
symptomatology.

There are some limitations in this study. Low sample size
is the main limitation of this study. Also, we recruited only
female patients in the study; therefore, our results cannot be
generalized to both genders. SCID, including questions
regarding previous psychiatric symptoms and history taken
from family members, are important in highlighting the
sub-syndromal symptoms of the past. Therefore, in this
study, we used SCID and comprehensive psychiatric history
to confirm that the index episode of illness was the first
episode. However, sub-syndromal symptoms seen in the
past cannot be completely ruled out with the subjective
narrative of patients or their family members.

Conclusion

Our findings indicate that depressed patients have smaller
hippocampi even in the earlier phase of their illness. Poor
performances in some cognitive skills seem to be related
with the volume of the hippocampus. However, peripheral
glucocorticoid levels and feedback mechanism were not
found to be associated with the hippocampal volume. Further
research efforts are needed to explain the mechanisms that
are responsible for the smaller hippocampus in depressed
patients. Moreover, optimal management regimens for pre-
venting hippocampal deterioration and retrieving cognitive
skills are clinical concerns waiting to be highlighted.
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