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Objective: This study sought to deter-
mine the relationship of estrogen levels
with psychiatric symptoms and neuropsy-
chological function in female patients
with schizophrenia.

Method: Psychiatric symptoms were as-
sessed and average estrogen and progest-
erone levels from four consecutive weekly
blood samples were measured in 22 fe-
male inpatients with schizophrenia who
were also administered a neuropsycho-
logical battery.

Results: There were strong positive cor-
relations between average estrogen level

and cognitive function, especially mea-
sures of global cognitive function, verbal
and spatial declarative memory, and per-
ceptual-motor speed. Correlations of hor-
mone levels with psychiatric symptoms
were nonsignificant.

Conclusions: Higher estrogen levels in
female patients with schizophrenia are
associated with better cognitive ability.
These results may have implications for
potential treatment of cognitive dysfunc-
tion with adjunctive estrogen in female
patients with schizophrenia.

(Am J Psychiatry 2001; 158:1134-1139)

Sex differences in terms of age at onset, symptom
expression, and course of illness have been consistently
demonstrated in patients with schizophrenia (1, 2). Female
patients have a later age at onset (3), better treatment re-
sponse (up to menopause) (4), and more affective and
paranoid symptoms and fewer negative symptoms than
male patients (5-8). Findings are inconsistent as to whether
there are sex differences in neuropsychological function in
schizophrenia (9). Some studies have found that male
schizophrenic patients perform worse than female patients
on measures of cognitive function (9, 10). Others have
found that female patients are more impaired than male
patients (11, 12) or that there are no differences (13-15). We
previously found that male inpatients were more impaired
than female inpatients in one cognitive domain (spatial
memory), but these differences were eliminated after dif-
ferences in symptom severity were controlled (16).

Exacerbations of symptoms during premenstrual and
postpartum periods (17, 18) and the need for higher med-
ication doses (19) in postmenopausal patients suggest an
important role of the sex hormone estrogen in the modu-
lation of psychopathology in schizophrenia. Antidopam-
inergic properties of estrogen have been shown in animal
studies in which estrogen reduced dopamine concentra-
tions (20, 21) and dopamine D, receptor sensitivity in the
brain (22). Estrogen treatment also increases the density
of dendritic spines on pyramidal neurons specific to the
CALl region of the rat hippocampus (23).

In normal subjects, there is evidence that estrogen lev-
els relate to cognition throughout the menstrual cycle,
with high levels of estrogen at the mid-luteal point associ-
ated with better verbal memory and diminished spatial

1134

ability (24). In surgically menopausal women, those given
estrogen for 2 months after surgery maintained or im-
proved their performance on measures of verbal learning
and memory, whereas those given placebo stayed the
same or deteriorated on these measures relative to their
presurgery baseline (25). Estrogen appeared to have a se-
lective effect on verbal declarative memory, since other
measures were unchanged in either group. In normal
postmenopausal women, those receiving estrogen per-
formed better on measures of verbal memory (26), proper-
name recall (27), and measures of problem solving and
psychomotor speed (28) than did those not receiving es-
trogen. Female patients with Alzheimer’s disease who
were treated with estrogen replacement showed improve-
ments on measures of general cognitive ability and con-
frontation naming (29-31).

To our knowledge, Kulkarni et al. have conducted the
only published study of the effects of estrogen augmenta-
tion on symptoms in patients with psychotic disorders
(32). In this open-label study, 11 women with acute psy-
chotic illnesses were given ethynylestradiol for 8 weeks
and were compared with seven women who did not re-
ceive estrogen. The adjunctive estrogen group showed a
rapid decrease in positive and overall psychiatric symp-
toms by day 5 compared to the neuroleptic-only group. By
day 45, both groups were equally symptomatic. The au-
thors concluded that estrogen augmentation may be ef-
fective in the rapid reduction of positive symptoms be-
cause of its antidopaminergic properties.

Before carrying out larger studies on the effects of estro-
gen in psychotic patients, it is important to understand
the existing relationship of estrogen to cognitive function
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and symptoms in patients with schizophrenia. To that
end, we examined the relationship of gonadal hormone
levels to symptoms and neurocognitive function in 22
women with schizophrenia. We hypothesized that higher
levels of estrogen would be associated with better cogni-
tive function (particularly better verbal memory) and less
severity of illness in women with schizophrenia. In addi-
tion, we conducted exploratory analyses of the relation-
ship of progesterone levels to cognitive ability.

Method

Subjects were 22 female inpatients at Napa State Hospital who
met criteria for DSM-III-R chronic schizophrenia. Patients or
their legal guardians gave written informed consent for a study of
sex differences in neuropsychological function and brain struc-
ture. These results have been published elsewhere (16, 33). Ap-
proximately 100 charts were screened over a 2-year period and re-
viewed for exclusionary criteria (acute medical illness, HIV-
positive status, seizure disorder, psychosurgery, prior loss of con-
sciousness greater than 30 minutes, intravenous amphetamine
abuse, inhalant use, substance abuse within last 30 days). Con-
senting patients were interviewed by a psychiatrist or psycholo-
gist with the Structured Clinical Interview for DSM-III-R (34).
Consensus diagnoses were reached by a psychiatrist and two psy-
chologists after review of the diagnostic interview. Demographic
and clinical characteristics are shown in Table 1.

Patients were administered a comprehensive neuropsycholog-
ical test battery by a trained psychologist. This battery has been
described elsewhere (36, 37). Because neuropsychological tests
yield a large number of dependent measures, internally consis-
tent summary scales were constructed (coefficient alphas ranged
from 0.67 to 0.87). These scales were created by converting raw
scores to z scores (mean=0, SD=1) so that different measures
could be combined. A global cognitive scale was created by using
the average z score of the six cognitive domain summary scales.
The use of summary scales enhances measurement reliability
and reduces type I error by substantially reducing the number of
statistical tests needed.

Psychiatric symptoms were assessed by two raters during the
week of neuropsychological testing with the 18-item Brief Psychi-
atric Rating Scale (38). The negative symptom scale score was the
average of the blunted affect, emotional withdrawal, and motor
retardation items. The positive symptom scale score was the aver-
age of the hallucinatory behavior, unusual thought content, and
conceptual disorganization items. The anxious-depression scale
score was the average of the anxiety, guilt feelings, and depressed
mood items (39, 40). The interrater reliability at our center (deter-
mined by using intraclass correlations) for the positive, negative,
and anxious-depression subscale scores was high (0.89, 0.81, and
0.82, respectively).

Estrogen and Progesterone Measurement

Blood samples were obtained weekly for 4 consecutive weeks
starting during the first week of neuropsychological testing. Test-
ing and symptom ratings were conducted without knowledge of
serum estrogen and progesterone levels.

Menstrual history, determined from the medical record and pa-
tient interview, included dates of last menstrual period and age of
first menstruation. Because patient self-report was frequently un-
reliable, it was difficult to determine where patients were in their
cycles. Consequently, we used an average of the four weekly blood
draws to get an assessment of overall estrogen and progesterone
levels. In addition, neuropsychological testing frequently occurred
over a several-day period because of scheduling issues. Thus, it
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TABLE 1. Demographic and Clinical Characteristics of 22
Female Inpatients With Chronic Schizophrenia

Female Schizophrenic

Characteristic Inpatients
Mean SD

Age (years) (range=27-63) 40.2 9.7
Education (years) (range=7-16) 11.5 2.6
Age at onset (years) (range=15-35) 20.4 5.0
Duration of illness (years) (range=6-38) 19.8 83
Brief Psychiatric Rating Scale score?

Total (range=39-83) 57.8 11.8

Positive symptom scale (range=2.0-6.2) 3.8 1.1

Negative symptom scale (range=1.5-3.8) 2.6 0.9
Social class (Hollingshead-Redlich

two-factor) (range=2-5) 3.6 1.1
Chlorpromazine equivalents? (mg/day)

(range=0-5,000) 1380.4 1294.6

N %

Race

White 16 72.7

Hispanic 3 13.6

African American 2 9.1

Other 1 4.5
Schizophenia subtype

Paranoid 7 31.8

Undifferentiated 13 59.1

Disorganized 2 9.1
Treatment with other medications

Typical neuroleptics 12 54.5

Atypical neuroleptics 10 45.5

Adjunctive lithium or anticonvulsants 11 50.0

Anticholinergic medications for

extrapyramidal symptoms 11 50.0

2 Ratings for two subjects were not available because of scheduling
errors.

b Calculated and summed for all medications at the time of neuro-
psychological testing by using standard algorithms (35).

was difficult to select the blood level that was closest in time to the
testing. To offset our inability to precisely determine the day of
menstrual cycle at the time of the blood draw, we also assessed the
association of cognitive function with the highest estrogen level as
well as with a measure of hormone level variability (standard devi-
ation) across the 4 weeks.

The highest estrogen level obtained over the four weekly blood
draws is shown for each subject in Figure 1. The first half (approx-
imately 14 days) of the menstrual cycle is the follicular phase. This
phase begins with menstruation and ends with the pre-ovulatory
peak (approximately day 13), when estrogen levels are highest,
and with ovulation (day 14). The next 14 days are the luteal phase,
during which progesterone levels slowly rise to peak at the mid-
way point (mid-luteal) followed by a second, slightly lower peak of
estrogen relative to the pre-ovulatory peak (41). The preovulatory
and postovulatory lower limits of values for normal women (90
pmol/liter and 550 pmol/liter, respectively) were taken from labo-
ratory values of normal women reported in the study of Riecher-
Rossler et al. (42). Similar to data from 32 female patients with
schizophrenia in the Riecher-Rossler et al. study (42), our patients
had abnormally low estrogen levels compared to normative data.
Only one patient (number 14) showed a value over 550 pmol/liter,
which would indicate normal follicular maturation with ovulation.

Of the 22 subjects, three were taking oral contraceptives, seven
were receiving estrogen-replacement therapy, and 12 were receiv-
ing neither. For subjects receiving neither oral contraceptives nor
estrogen-replacement therapy, estrogen and progesterone levels
were evaluated by an expert in reproductive endocrinology to de-
termine whether they had an ovulatory cycle. These expert clinical
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FIGURE 1. Highest Estrogen Level® of 22 Female Inpatients
With Chronic Schizophrenia
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a Determined across four weekly blood samples.

ratings were based on the patterns of estrogen and progesterone
levels over the four consecutive weekly blood samples. An ovula-
tory cycle was defined as relatively high estrogen followed by high
progesterone with low levels during the other weeks. These classi-
fications were made blind to neuropsychological performances or
symptom ratings. Seven of the 12 subjects were considered to have
an ovulatory cycle; five were considered nonovulatory.

Data Analysis

Spearman rho correlations were used because some variables
were not normally distributed. These correlations are also unin-
fluenced by outliers. In addition to analyses for the entire group,
correlations between average estrogen level and neuropsycholog-
ical performance were also conducted within two subgroups of
patients, those receiving either oral contraceptives or estrogen re-
placement therapy (N=10) and those not receiving either medica-
tion (N=12).

Confirmatory hypothesis testing was performed only on the re-
lationships of average estrogen levels with the neuropsychologi-
cal summary scales and with symptom subscales. Correlations
with individual neuropsychological tests are presented for de-
scriptive purposes. Analysis of correlations with progesterone
was considered exploratory.

Results

Correlations between average estrogen and progester-
one levels and neuropsychological performance are
shown in Table 2; correlations for the six cognitive domain
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TABLE 2. Correlations Between Average Hormone Levels
and Neuropsychological Performance in 22 Female Inpa-
tients With Chronic Schizophrenia

Estrogen? Progesterone?
Cognitive Domain and Test rs p rs p
Language 0.50 0.02 0.33 0.15
Prorated verbal IQ 0.56 0.15
Wide-Range Achievement
Test: reading 0.34 0.03
Boston Naming Test 0.25 0.10
Word attack 0.49 0.41
Controlled Oral Word
Association Test 0.56 0.42
Executive 0.59 0.004 0.24 0.31
Wisconsin Card Sorting Test
Number of categories 0.43 0.14
Number of perseverative
responses -0.28 -0.17
Number of total errors -0.41 -0.20
Booklet Categories Test:
number of errors -0.33 -0.23
Stroop Color-Word Test:
number correct 0.78 0.27
Verbal memory 0.83 0.000002 0.35 0.13
California Verbal Learning
Test
Trial 5 0.71 0.24
Short delay 0.59 0.51
Long delay 0.53 0.31
Recognition 0.64 0.29

Wechsler Memory Scale
Logical memory

Immediate 0.42 -0.03
Delayed 0.56 0.16
Associate learning 0.75 0.20
Spatial memory 0.78 0.00003 0.37 0.11
Benton Visual Retention Test
Number correct 0.78 0.34
Number of errors -0.68 -0.35
Wechsler Memory Scale:
visual reproduction
Immediate 0.80 0.34
Delayed 0.76 0.30
Concentration/speed 0.73  0.0001 0.64 0.002
Trails A -0.63 —-0.56
Trails B -0.59 -0.46
Symbol Digit Modalities Test
Written 0.81 0.47
Oral 0.78 0.42
Cancellation Test: number of
seconds -0.28 -0.33
Finger Tapping Test
Dominant 0.62 0.53
Nondominant 0.54 0.68
Sensory-perceptual 0.50 0.02 029 021
Finger gnosis
Dominant 0.51 0.25
Nondominant 0.51 0.26
Finger Tip Number Writing
Dominant 0.42 0.24
Nondominant 0.38 0.20
Global® 0.86 0.0000001 0.44 0.06

aSpearman correlations =0.43 and <-0.43 significant at the p<0.05
level.
b Average of the z scores of the six cognitive domain summary scales.

summary scales are shaded. As can be seen, average estro-
gen level was strongly related to global cognitive function
(Figure 2). Correlations for each individual scale included
in the global scale were also highly significant. Only the
concentration/speed scale was associated with higher
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FIGURE 2. Association of Average Estrogen Level With Glo-
bal Cognitive Scale Score in 22 Female Inpatients With
Chronic Schizophrenia
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progesterone levels. Neither estrogen nor progesterone
levels were significantly correlated with psychiatric symp-
toms (Table 3).

Within each of the two patient subgroups (those receiv-
ing either oral contraceptives or estrogen replacement
therapy and those receiving neither), correlations be-
tween average estrogen level and global cognitive func-
tion remained essentially the same (r;=0.84 and 0.83, re-
spectively). Correlations of highest level of estrogen
during the 4-week period with the six cognitive domain
summary scales ranged from 0.44 to 0.76. Correlations
between the six cognitive domain summary scales and
the measurement of hormone level variability (standard
deviation) across the four estrogen measures ranged from
0.15 to 0.62.

Neither patient age (r;=—0.16, p<0.47) nor neuroleptic
dose (r;=—0.32, p<0.15) was significantly related to average
estrogen level. Thus, medication does not appear to have
been a major factor in the diminished hormone levels in
these patients.

Discussion

To our knowledge, this is the first study to investigate the
association of hormone levels with cognitive function in
women with schizophrenia. Declarative memory appears
to be most strongly related to estrogen levels, but our re-
sults strongly suggest that higher average estrogen levels
are associated with better neuropsychological perfor-
mance in many areas of cognition. Even a conservative
Bonferroni correction with alpha set at 0.007 would have
resulted in significant correlations between average estro-
gen level and four of the six cognitive domain summary
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TABLE 3. Correlations Between Average Hormone Levels
and Psychiatric Symptoms in 20 Female Inpatients With
Chronic Schizophrenia?

Estrogen Progesterone
BPRS Measure rs p rs p
Positive symptom scale -0.19 0.43 -0.30 0.20
Negative symptom scale —-0.44 0.06 -0.17 0.45

Anxious-depression scale -0.01 0.97 0.13 0.59

a Ratings for two subjects were not available because of scheduling
errors.

scales (executive, verbal memory, spatial memory, and
concentration/speed) as well as the global cognitive scale.

In normal subjects, there appears to be a more specific
relationship of estrogen to verbal memory and verbal flu-
ency (24, 43); however, to our knowledge, there have been
no studies of the relationship of estrogen with cognition
that have used large batteries of neuropsychological tests
in normal women. Additionally, it should be noted that in
normal postmenopausal women and in those with Alzhei-
mer’s disease, adjunctive estrogen also appears to improve
cognitive processes such as general problem-solving abil-
ity, perceptual-motor speed, and naming ability (27-29).
Thus, our finding that estrogen levels are associated not
only with memory functions but many cognitive functions
appears to be consistent with the literature.

Average progesterone level was also positively associated
with better functioning on measures of perceptual-motor
speed. In investigations of within-subject variation across
the menstrual cycle, studies generally have not differenti-
ated between estrogen and progesterone levels (24, 44) in
their relationship to cognition. However, both levels of
these hormones are high during midcycle, when speeded
dexterity and verbal articulatory tasks are performed best.
Because both hormones tend to follow a concurrent pat-
tern, it is difficult to differentiate which hormone is most
influential on cognitive processes unless direct serum
measures are used, as in the current study. As can be seen
in Table 2, correlations of estrogen with cognition were
generally much stronger than the correlations with proges-
terone. As noted, the analyses of progesterone with cogni-
tion were exploratory and must therefore be considered
more tentative than those of estrogen. In contrast to the re-
lationships of hormones to cognitive function, our results
suggest that estrogen levels are not strongly associated
with psychiatric symptoms in these patients.

In comparing our patients’ highest estrogen level across
the four blood samples to the data of Riecher-Rossler et al.
(42), we found that our patients had low levels of estrogen
compared to ranges seen in healthy comparison women.
While neuroleptic medications may increase prolactin
levels (45) and presumably reduce estrogen levels, we
found no statistically significant relationship of antipsy-
chotic medication dose with serum estradiol level.
Riecher-Rossler et al. (42) also found no relationship of
medication dose and estrogen level in their cohort of
schizophrenia patients. However, one might not expect a
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strict linear relationship between dose and estrogen given
that different antipsychotic medications, regardless of
dose, have different effects on prolactin and hormone lev-
els. Future studies should examine the relationship of pro-
lactin levels to estrogen levels as one way of assessing
possible medication effects. Also, nonovulatory women
would be expected to have lower-than-normal estrogen
levels, but low values were present even in the ovulatory
subgroup. Thus, it appears that lower-than-normal levels
in these women with schizophrenia may be a feature of
the illness itself rather than a secondary consequence of
nonovulatory status.

Some limitations of the study results should be consid-
ered. Because we could not determine exactly where pa-
tients were in their cycles at the time of testing and be-
cause patients would likely be in different cycle phases, we
chose to measure average estrogen and progesterone lev-
els. It could be argued that relationships might be ob-
scured by not looking at the four time points individually.
On the other hand, the average of four measurements
should give a more reliable and robust measure because of
the greater number of measurements. Indeed, the
strength of the associations that we found between aver-
age estrogen levels and cognition in female patients with
schizophrenia argues strongly against any relationship
having been obscured.

In addition, we computed correlations between the pa-
tients’ highest estrogen level across all four blood samples
and measures of neuropsychological function. These pos-
itive correlations were also significant (r;=0.76, p<0.00004
for the global scale). However, the correlation of 0.86 for
the average of the four estrogen measures suggests that
the average measure is somewhat more robust than the
individual highest level. We also calculated standard devi-
ations of the four estrogen levels for each subject to get a
measure of variability of estrogen levels over the month. In
this case, correlations were moderately strong, indicating
that greater variability of estrogen during the cycle was as-
sociated with better cognitive function (rs=0.55, p<0.008).
Greater variability could be associated with ovulatory ver-
sus nonovulatory status. Within the two groups of subjects
not receiving adjunctive hormones, seven were ovulatory
and five were nonovulatory. Although these groups are too
small for statistical testing, relationships between average
estrogen level and global neuropsychological function
were again virtually identical (rs=0.61 for ovulatory; rs=
0.60 for nonovulatory). Thus, it appears that between-sub-
ject differences in overall estrogen level account for more
variance than within-subject variation of estrogen.

These findings strongly suggest that average estrogen
level over a 4-week period is a meaningful measure and
that overall estrogen levels may be more important for
cognition than week-to-week fluctuations. These findings
have positive implications for the treatment of schizo-
phrenia patients, since they suggest that raising overall es-
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trogen levels may have a beneficial impact throughout the
cycle.

Ten of the 22 patients were receiving oral contraceptives
or estrogen-replacement therapy, both of which would af-
fect estrogen levels in women. However, correlations of
average estrogen level with neuropsychological perfor-
mance were virtually identical within both subgroups,
suggesting that higher levels of either endogenous or ex-
ogenous estrogen were beneficial in their relationship to
cognitive functioning.

Our female patients with schizophrenia were a severely
ill group of early-onset patients who are not likely to be
representative of women with schizophrenia as a whole.
Thus, our findings may not be generalizable to less se-
verely ill patients. Future studies should examine less se-
verely ill patients and include a normal comparison group
to determine the relationship of estrogen levels and their
periodic fluctuation with neuropsychological measures.
Second, the relationship of hormone levels (estrogen and
testosterone) with cognition in male patients with schizo-
phrenia should be explored. Third, the effects of adjunc-
tive estrogen in female patients with schizophrenia on
symptoms and cognition should be investigated in dou-
ble-blind, placebo-controlled studies. To date, there have
been very few treatment studies in schizophrenia patients
that have focused on the amelioration of cognitive dys-
function, yet cognitive dysfunction has been strongly
related to clinical outcome (46). Further exploration is
needed to address the question of the extent to which es-
trogen is related to global cognitive function or more spe-
cifically to memory processes. These data add to a growing
body of research suggesting that estrogen has an impor-
tant role in mental processes in normal women (26) as
well as in women with Alzheimer’s disease (47) and other
neuropsychiatric diseases such as schizophrenia (2).
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