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The aim of this study was to determine if testos-
terone and estrogen levels correlate with aggres-
sion in older men with dementia. Plasma total
and free testosterone and estrogen levels and
scores for behavioral disturbances, in particular
aggression, were measured in 50 elderly males
who had a diagnosis of dementia. Aggression was
analyzed separately from agitation. Pearson corre-
lations were calculated to determine the associa-
tion between testosterone and estrogen and ag-
gression. Linear regression analyses determined
the influence of hormone levels on aggression,
controlling for age, medical burden, and dementia
severity. Free testosterone levels showed signifi-
cant positive correlations with measures of aggres-
sion. Estrogen levels showed significant negative
correlations with measures of aggression.
(The Journal of Neuropsychiatry and Clinical

Neurosciences 2002; 14:161–166)

Several reports suggest that testosterone engendersaggression in males. Studies in prisoners have found
evidence of a positive correlation between testosterone
and aggression.1,2 Violent male offenders show substan-
tially higher plasma testosterone levels than less violent
individuals.1,2 Similar results were obtained from a vol-
unteer male sample divided according to the presence
or absence of aggression when drinking alcohol3 or
while playing a competitive sport.4

The relationship between testosterone and aggression
in elderly men with dementia has not been systemati-
cally investigated. Case studies have reported the effi-
cacy of estrogen treatment on aggressive behavior in 2
men with dementia and in 1 with traumatic brain in-
jury.5,6 A randomized, double-blind placebo-controlled
trial found that estrogen therapy was associated with
lower aggression in 7 women and 1 man with dementia
in a long-term care facility.7 Other studies, totaling fewer
than 10 patients, have reported that the administration
of medroxyprogesterone acetate, estrogen, and leuprol-
ide acetate decreases aggression and sexually aberrant
behavior in men with and without dementia.8–11 We
have reported a significant correlation between testos-
terone levels and physical aggression in 13 men with
dementia.12

In this study, we hypothesized that testosterone levels
are related specifically to aggression (as distinguished
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from agitation) and that aggression is specifically and
inversely related to estrogen levels.

METHODS

Subjects
All male patients who were living at home or in nursing
homes who presented to the Houston Veterans Affair
Medical Center Outpatient Geriatric Psychiatry Clinic
with a DSM-IV diagnosis of dementia were screened for
inclusion in the study. Patients and their next of kin
signed an Institutional Review Board–approved in-
formed consent document. Patients were excluded if
liver enzymes or serum creatinine were twice the upper
limit of normal and if they were taking any medications
that interfere with testosterone levels (i.e., cimetidine,
spironolactone, ketoconazole, leuprolide acetate, or es-
trogen). Patients who had unstable medical illnesses or
who were diagnosed with other psychiatric illnesses
that may have contributed to their behavior, such as bi-
polar disorder, schizophrenia, or posttraumatic stress
disorder, were also excluded.

Assessments
Subjects were rated for degree of aggression/agitation
over the 2 weeks prior to the interview by use of the
Overt Aggression Scale (OAS),13 the Overt Agitation Se-
verity Scale (OASS),14 and the Cohen-Mansfield Agita-
tion Inventory (CMAI).15 The CMAI measures three fac-
tors of agitation: factor 1, physically aggressive behavior
(CMAI fac1), factor 2, physically nonaggressive behav-
ior (CMAI fac2), and factor 3, verbally aggressive be-
havior (CMAI fac3). Information for completing the as-
sessments was gathered from observation and by
interview with the patient, caregiver, and family.
Subjects’ general psychiatric symptoms were rated

with the Behavioral Pathology in Alzheimer’s Disease
Rating Scale (BEHAVE-AD)16 or the Neuropsychiatric
Inventory (NPI).17 The BEHAVE-AD was replaced by
the NPI after the first 28 subjects were enrolled. Cogni-
tive status was rated by the Mini-Mental State Exami-
nation (MMSE)18 and the Dementia Rating Scale
(DRS).19 Medical burden was assessed with the Cumu-
lative Illness Rating Scale (CIRS).20 Diagnosis of demen-
tia was confirmed by a board-certified psychiatrist after
clinical examination and review of the patient’s record
and history obtained from the family and friends. A va-
riety of demographic and clinical characteristics were
collected, including age, race, marital status, type and
duration of dementia, current medications, and medical
diagnoses.

Hormone Levels
Hormone levels were measured by obtaining three blood
samples 15 minutes apart between 7:00 and 10:00 A.M. All
blood samples were taken on the morning of the above
ratings. The three serum samples were pooled and
stored at –20� C. Taking three blood samples provides
a more accurate assessment of testosterone levels be-
cause testosterone is secreted in a pulsatile fashion. To-
tal testosterone and estradiol levels were measured in
duplicate by using a Diagnostic Systems Laboratories
radioimmunoassay kit. Free testosterone levels were
measured in duplicate by using a Diagnostic Products
Corporation radioimmunoassay kit. The free form of
testosterone gives a more accurate measure of testoster-
one availability at the cerebral level. All samples were
processed in one assay by a technician blinded to pa-
tients and ratings. Values that fell � one standard de-
viation above or below standard laboratory values were
verified by repeating the assay.

Statistical Analysis
The focus of the research was on the relationship of
physically aggressive behavior and hormone levels.
Measures of aggression are typically combined with
measures of agitation;21–23 however, we were interested
in aggression alone. Therefore we combined the physi-
cal aggression and verbal aggression subscales of the
CMAI, the OAS total, the aggression subscale of theNPI,
and the aggression subscale of the BEHAVE-AD in a
latent-variable model to estimate individual scores on
the latent variable representing aggression. Within the
latent-variable framework, we assume that individuals
have some latent amount of aggression that is indicated
by the scores on the fivemeasures of aggression.24,25 One
advantage of this approach was our ability to combine
only measures of aggression while excluding measures
of agitation. In addition, this approach reduced the
number of analyses we conducted to assess the relation-
ship of hormone levels to the various measures of ag-
gression, thereby maximizing power. Because of the po-
tential for unstable factor loadings in small samples, we
constrained the relationship between each measure and
the latent variable to be equal.24,25 In a simulation study,
Marsh and Hau26 found that 98% of the factor models
reached proper solutions when the N was equal to 50
and there were 6 indicators per factor. After determining
that the model adequately fit the data by assessing
whether data from our study fit a model with one latent
variable and five measures of aggression, we used the
estimated individual scores on the latent variable as the
aggression score. We also evaluated the relationship of
hormone levels to each of the subscales separately.
Descriptive statistics were used to report demo-
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TABLE 1. Means, standard deviations, and ranges for behavioral,
cognitive, and hormonal measures (N�50)

Measure (Possible Range) Mean�SD Range

Age 76.7�5 64–88
Medical burden (14–70) 22.0�2.7 16–27
DRS total (0–144) 92.0�34 0–137
MMSE total (0–30) 18.0�6.1 0–30
CMAI fac1 12.9�4.7 9–31
CMAI fac2 18.7�10.5 6–43
CMAI fac3 13.2�7.7 5–31
CMAI total (30–205) 55.6�21.1 30–100
OAS total (0–21) 1.25�2.21 0–9
OASS total (0–120) 3.5�0.68 0–15
NPI total (0–144) 14.0�15.6 0–43
BEHAVE-AD total (0–78) 7.2�7.4 0–23
Aggression latent-variable score 0.0�0.9 �1.2–1.7
Estradiol (ng/ml) 1.1�0.4 0.5–1.9
Total T (ng/ml) 220.4�77 92–433
Free T (pg/ml) 11.57�5.07 2.8–28.9

Note: DRS�Dementia Rating Scale; MMSE�Mini-Mental State
Examination; CMAI�Cohen-Mansfield Agitation Inventory;
OAS�Overt Aggression Scale; OASS�Overt Agitation Severity
Scale; NPI�Neuropsychiatric Inventory; BEHAVE-AD�Behavioral
Pathology in Alzheimer’s Disease Rating Scale; T�testosterone.

graphic and clinical data. Correlational analyses were
conducted to assess if hormone levels correlated with
behavioral and cognitive measures. Linear regression
analyses were made to determine the influence of hor-
mone levels on aggression, with age, medical burden
and dementia severity controlled. Power analysis deter-
mined that a sample size of 48 was necessary to detect
a population R2 as small as 0.2, if the alpha level was set
at 0.05 and the power level at 80%.

RESULTS

A total of 50 patients met criteria and agreed to partici-
pate in the study. Ten patients met criteria but refused
to participate. The average age was 76.7�5 years
(means and standard deviations are reported). Fifty-
eight percent were Caucasian, 30% African American,
and 12% Hispanic. Seventy-six percent were living at
home, 12% in personal care homes, and 12% in nursing
homes. Sixty percent (31 patients) had a diagnosis of
Alzheimer’s dementia, 28% (14 patients) had a diagno-
sis of vascular dementia, 6% (3 patients) had a diagnosis
of mixed dementia, and the remaining 4% (2 patients)
had alcohol-induced persisting dementia. The average
MMSE score was 18�6, and the average DRS score was
92.2�34. Table 1 shows the means, standard deviations,
and ranges for the behavioral, cognitive, and hormone
measures. The total CMAI score for the subject popu-
lation is similar to that reported in other studies inves-

tigating behavioral dyscontrol in community-dwelling
individuals with dementia.23,27

Fit of the data to the latent-variable model measuring
aggression was good and demonstrated that the model
adequately represented the data, as evidenced by the
chi-square test of goodness of fit (v2�8.0, df�7,
P�0.33) and the root mean square error of approxima-
tion (0.06).24,25 The reliability of the latent variable was
0.90, and the proportion of variance captured by the la-
tent variable relative to the amount of variance due to
measurement error, or the average variance extracted,
was 0.69.28

Table 2 shows the correlation coefficient for hormone
levels and measures of cognition and behavior. Signifi-
cant positive correlations were found between free T
levels and CMAI fac1, CMAI fac2, CMAI fac3, CMAI
total, OAS, and aggression latent-variable scores. Estro-
gen levels show a negative significant correlation with
CMAI fac1 and total CMAI. Multiple regression equa-
tions were computed for total CMAI score and for the
aggression latent-variable scores. Age, medical burden
(CIRS), and dementia severity (DRS score) were entered
on the first step, and free testosterone was entered on
the second step. Table 3 lists the results from the regres-
sion analysis. Free testosterone alone accounts for 14%
of the variance in total CMAI score and 21% of the var-
iance in aggression latent-variable score.

DISCUSSION

We found levels of testosterone to be positively corre-
lated and levels of estrogen to be negatively correlated
with the specific behavior of physical aggression in el-
derly men with dementia, regardless of the type of de-
mentia. Free testosterone accounts for 21% of the var-
iance in the aggression latent-variable score when
controlling for age, dementia severity, and medical ill-
ness. The biologic plausibility of the inverse relation-
ship between estrogen and testosterone, together with
the finding of specificity that neither testosterone nor
estrogen level was associated with other behavior dis-
turbances such as psychomotor agitation (OASS),
psychosis (paranoia-hallucination subscale of NPI or
delusion-hallucination subscales of BEHAVE-AD), de-
pression, or mania (affect subscale of NPI or depression-
euphoria subscale of BEHAVE-AD) adds strength to the
finding. When these findings are evaluated in conjunc-
tion with the double-blind study by Kyomen et al.7

showing a temporal relationship between estrogen treat-
ment and decreased aggression, an argument can be
made for an important role of testosterone and estrogen
in aggression in elderly male patients with dementia.
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TABLE 3. Hierarchical multiple regression of age, medical burden, dementia severity, and free testosterone levels predicting aggression
in 50 dementia patients

Total CMAI Score Aggression Latent-Variable Score

Predictor Variable R2 DR2 b F R2 DR2 b F

Step 1:
Age 0.07 �0.14 1.17 0.03 �0.17 0.53
Medical burden �0.11 �0.05
DRS score �0.2 �0.05

Step 2: Free testosterone 0.21 0.14 0.39 2.98* 0.24 0.21 0.47 3.5*

Note: CMAI�Cohen-Mansfield Agitation Inventory; DRS�Dementia Rating Scale.
*P�0.05.

TABLE 2. Pearson correlations among various variables and hormone levels for 50 patients with dementia

Total E Total T Free T

Variable Correl. P n Correl. P n Correl. P n

Age �0.03 0.85 49 �0.24 0.09 50 �0.24 0.09 50
Medical burden �0.13 0.37 49 �0.16 0.27 50 �0.07 0.62 50
DRS total 0.00 0.98 47 0.09 0.53 48 �0.05 0.76 48
MMSE total 0.05 0.72 47 0.22 0.13 48 0.05 0.72 48
CMAI fac1 �0.34 0.02* 48 0.22 0.13 49 0.42 0.00** 49
CMAI fac2 �0.24 0.10 48 0.18 0.22 49 0.30 0.03* 49
CMAI fac3 �0.18 0.23 48 0.33 0.02* 49 0.39 0.01** 49
CMAI total �0.30 0.04* 48 0.24 0.10 49 0.40 0.00** 49
OAS total �0.03 0.88 28 0.32 0.09 28 0.47 0.01* 28
OASS total �0.16 0.40 28 �0.05 0.81 28 �0.01 0.98 28
NPI total �0.14 0.49 28 �0.01 0.96 28 �0.10 0.61 28
Behave-AD total 0.19 0.41 21 0.22 0.32 22 0.45 0.04* 22
Aggression factor score �0.32 0.03* 49 0.30 0.005* 49 0.50 0.00** 49

Note: E�estradiol; T�testosterone; Correl.�correlation; DRS�Dementia Rating Scale; MMSE�Mini-Mental State Examination;
CMAI�Cohen-Mansfield Agitation Inventory; OAS�Overt Aggression Scale; OASS�Overt Agitation Severity Scale; NPI�Neuropsychiatric
Inventory; BEHAVE-AD�Behavioral Pathology in Alzheimer’s Disease Rating Scale.

*P�0.05; **P�0.01. All P-values are two-tailed.

Often physicians and other healthcare professionals
group together many diverse behavioral disturbances as
“agitation.” Such a vague, global concept hinders clini-
cal quantification, obscures underlying disorders, and
can result in inappropriate use of pharmacotherapy or
physical restraints. Aggression is defined as recurrent vi-
olent events, either verbal or physical in nature, that are
out of proportion to the precipitating stress or provo-
cation and that stem from organic etiologies. Agitation
is excessive and/or inappropriate verbal, vocal, or mo-
tor activity, which may or may not be voluntary. In this
study we show that free testosterone levels are corre-
lated specifically with aggression and notwith agitation.
This study measured plasma free testosterone rather

than cerebrospinal fluid (CSF) testosterone. Because of
its lipophilic nature, testosterone easily passes through
the blood–brain barrier in free form (not bound to pro-
tein). At the cerebral level, steroid hormones originating
from the periphery influence the function of nerve cells
dispersed throughout the body. The best example of this
influence is the neurons that secrete hypophysiotrophic

factors stimulating the production of pituitary hor-
mones such as ACTH and gonadotropins. These hor-
mones are subjected to regulation by the corresponding
steroid hormones by a feedback mechanism.
Testosterone and estrogen receptors are primarily lo-

cated in the limbic areas of the brain. Many studies in
animals and humans have found that rage reactions oc-
cur with stimulation of limbic structures but not as the
result of stimulation of the neocortex.29,30 Phylogeneti-
cally and histologically, the limbic gray matter is clearly
more primitive than the other cortical areas. Individuals
with dementia have diminished higher cortical function
that may lead to a decrease in the psychosocial or en-
vironmental influences on behavior. Therefore, a de-
mented individual may bemore influenced by primitive
or limbic impulses and may lack the inhibitions of
learned psychosocial behaviors. This explanation is con-
sistent with the hypothesis that deeper limbic structures
contain the template for aggressive behavior but that
higher centers, when intact, maintain control of aggres-
sion.
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Testosterone and estrogen levels appear to be impor-
tant determinants of the complex behavior termed ag-
gression. However, 79% of the variance of aggression is
unaccounted for in our regression model. Clearly other
biologic or psychosocial determinants exist and need to
be explored. The role of other neurotransmitters such as
serotonin, dopamine, norepinephrine, and arginine va-
sopressin should also be explored. Aggression is an end
product of brain function, and although modified, en-
hanced, or diminished by environmental factors, it has
as its nucleus a complex interaction of anatomic, chem-
ical, and physiologic determinants.
Future studies should include larger sample sizes of

individuals specifically selected for physically aggres-
sive behavior problems (unrelated to psychosis) to as-
sess adequately the aggression–testosterone relationship
with subgroups of aggressive patients with different
types of dementia. Future investigations could alsomea-
sure testosterone levels in CSF to determine if a rela-
tionship exists between CSF concentrations of testoster-
one and aggression.
The results of this study offer new data to aid in the

understanding of aggression in elderly men with de-
mentia. We believe that all agitation/aggression in
dementia is not the same, and suggest that different
behaviors warrant specific treatments. For example,
agitated patients with psychotic features require anti-
psychotics, whereas those with agitated depression

do best with antidepressant treatment and those with
physical aggressionmay need androgen-loweringagents.
Further research on specific treatments for specific agi-
tated behaviors in elderly patients with dementia is
greatly needed. In addition, other factors associated with
aggression in patients with dementia should be investi-
gated, including premorbid personality, environmental
triggers, aggressor–victim relationship, frontal lobe pa-
thology, and acute medical conditions causing delirium.
The limitations of this study include an all-male sam-

ple of veterans in an outpatient geropsychiatric clinic.
Nonetheless, our data indicate a specific association be-
tween aggressive behavior and testosterone and suggest
that trials to test novel treatment approaches for physi-
cally aggressive patients (e.g., lowering testosterone lev-
els) should be undertaken. Our nation’s population is
aging, the incidence of dementia is increasing, and the
need to find safe and effective treatments for the behav-
ioral disturbances associated with dementia is growing.
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