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Thymus and adrenal gland in elder abuse

Abstract

Endogenous glucocorticoid-induced thy-
mic involution is generally considered to
be an important finding for determining
child abuse. The  present  study
investigated the weight of the thymus and
the adrenal glands in elder abuse cases to

identify a potential marker for elder
abuse. There was no significant difference
in the thymus and the adrenal weight
between elder abuse and control cases.
However, the elder abuse cases in which the
duration of abuse was less than 3 months
showed a significant increase in the
adrenal weight in comparison to control
cases. In such cases, histopathological
findings showed a loss of intracellular
light granules from the zona fasciculata,
which might indicate a loss of cholesterol
due to the overproduction of gluco-
corticoid. These results might imply that
the elderly, who were maltreated for less
than 3 months, were in the early phase of
a chronic stress state during which
stress-induced overproduction of gluco-
corticoid was observed in adrenal glands
as indicated by Selye. Our results suggest
that increase in adrenal weight may be a
potential marker for elder abuse of
relatively short periods, especially less
than a few months.

Introduction

Recently, abuse and neglect of the
elderly have been recognized as a
widespread and growing problem. In the
United States, between 1 and 2 million
elderly persons (the age of 65 and over)
are maltreated each year. Also in Japan,
the incidence of elder abuse may also be
increasing because of the country’ s rapid
demographic shift to an aging society.

Thymic involution, as defined a dramatic
loss in thymic weight and volume coupled
to an insufficient functioning of the
thymus and reduction of thymopoiesis, is
generally considered to be an important
finding for determining child abuse. The
thymus is the organ most sensitive to
stress, and stress due to maltreatment
causes thymic involution. In most adult
patients, it 1is well known that
age-associated thymic fatty replacement
and decrease of the thymic epithelial
space size, in which thymocytes present
and thymopoiesis occurs are observed.
However, several lines of accumulating
evidence have demonstrated that the
remaining thymic epithelial space in
adults were also involuted by stress in
several pathological states.

In addition, the adrenal glands are also
a stress-related organ and play an
important role in adaptation to various



forms of stress. Further, the
pathophysiology of adrenal glands is known
to be changed by hormonal and nervous
system stimulation during a stress state.
In autopsy cases of child abuse,
histopathological  findings such as
thickening of the capsule and lipid
depletion in the zona fasciculata are
known to be observed in the adrenal glands.

Therefore, the weight and histo-
pathological findings of the thymus and
adrenal glands were investigated in abused
elders and the possibility of a potential
marker for elder abuse was explored in the
present study.

Materials and Methods

Twenty-three cases of elder abuse (65
years and over of age) and 29 control elder
cases without any history of abuse were
collected from the Department of Legal
Medicine, Graduate school of Medical and
Dental Sciences, Kagoshima University (4
abuse cases, 12 control cases) and the
Department of Legal Medicine, Gifu
University Graduate School of Medicine (19
abuse cases, 17 control cases). The elder
abuse was carefully determined based on
the police reports and autopsy findings.
The control cases included victims of
traffic accidents (13 cases), exsangui-
nation (13 cases) and ischemic heart
disease (3 cases). In each case, the
victim’ s details including age, gender,
length, body weight, the thymic weight,
the adrenal weights and cause of death were
reviewed. In addition to them, type of
abuse, duration of abuse, degree of the
physical abuse and who is assailant were
investigated in abuse cases. The weight of
the thymus and the collective weight of
both adrenal glands were compared between
the abuse and control cases. Moreover, the
relationship between the duration of abuse
and the thymus or adrenal weights was
investigated in cases in which the
duration of abuse could be estimated by
postmortem findings and police reports.
Cases in which hemorrhages were detected
in either the thymus or adrenal glands were
excluded from each study. Formalin-fixed,
paraffin-embedded sections of the thymus
and adrenal glands from several cases were
stained with hematoxylin and eosin (H-E)
for the histopathological analysis.

The means and standard error of the means
(SEMs) were calculated for all parameters

determined in this study. The statistical
significance was evaluated by using a
one-way analysis of variance (ANOVA)
followed by Tukey-Kramer’ s method as a
post-hoc test. A value of P<0.05 was
considered to indicate a significant
difference.

Results

Thymus: There was no significant
difference in the thymus weight and in the
both relative thymus weights (thymus/body
weight and thymus/length) between the
elder abuse and control cases. The elderly
with a history of maltreatment for less
than 3 months showed a tendency towards a
decrease in the thymus weight and in the
relative thymus weights in comparison to
control cases, but the differences were
not significant. Histopathological
analysis revealed a massive Tatty
replacement in the thymus of all elder
cases. In abuse cases, slight decrease in
the number of thymocytes was observed, but
there were no apparent differences in the
number of the thymocytes between the abuse
and control cases. Moreover, a starry sky
appearance due to phagocytosis of
apoptotic thymocytes by macrophages was
not observed in abuse cases.

Adrenal gland: There was also no
significant difference in the adrenal
weight and in the both relative adrenal
weights (adrenal glands/body weight and
adrenal glands/length) between the elder
abuse and control cases. However, the
elder abuse cases with a history of
maltreatment for less than 3 months
(duration of maltreatment: several hours
to 2-3 months) showed a significant
increase in the adrenal weight and in the
relative adrenal weights in comparison to
control cases (adrenal weights,
14.000+ 2.064 vs. 10.239+ 0.517, P<0.05;
adrenal weights/body weight, 0.350+ 0.059
vs. 0.214+ 0.011, P<0.01; adrenal
weights/height, 0.090+ 0.011 VS.
0.067+ 0.003, P<0.05; Fig. 1). In contrast,
the elder abuse cases with a history of
maltreatment for more than 6 months failed
to show significant changes in the adrenal
weights in comparison to control cases.
Microscopically, adrenal glands in the
elderly maltreated for several hours and
several days showed a numerous acidophilic
cells with a loss of intracellular light
granules in the zona fasciculata in



comparison to the control case.
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Fig. 1 The relationship between the
adrenal weight and the duration of elder
abuse. “P<0.01, control vs. <3m.
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Discussion

Thymic involution is well known to be
found in child abuse cases. In general,
many kinds of stress to the body affect the
hypothalamo-pituitary-adrenal (HPA) axis
and the autonomic nervous system, via the
release of glucocorticoids and catechol-
amines, respectively. In child abuse, an
increase of endogenous glucocorticoids by
the stress due to maltreatment has been
thought to induce apoptosis of T lympho-
cytes in the thymic cortex, resulting in
thymic involution. Although the
diagnostic markers for child abuse based
on the thymic involution have been
extensively studied, those for elder abuse
have not been investigated.

In the present study, there was no
significant difference in the thymus
weight and in the relative thymus weights
between the elder abuse and control cases,
although 1t has been demonstrated that the
thymus in adults were also involuted by
stress. In our study, histopathological
analysis in the thymus showed a massive
fatty replacement and remarkable decrease
of thymic epithelial space in both abuse
and control cases. Although a starry sky
appearance, characteristic of mild stress
involution was not observed, slight
decrease in the number of thymocytes was
observed in abuse cases. Accordingly, a
slight decrease in the number of
thymocytes in elder abuse cases observed
in our study may not lead to weight loss
of the thymus. Thus, age-associated thymic
fatty replacement might mask the thymic
weight loss by maltreatment in such cases.
These results suggest that the thymus
weight 1is not useful as a universal

diagnostic marker for elder abuse.

As for the adrenal gland, the elderly
individuals with a history of maltreatment
for less than 3 months showed a significant
increase in the adrenal and in the relative
adrenal weights in comparison to the
control cases, although there was no
significant difference in weights between
the total abuse and control cases. In
addition, histopathological findings in
such cases showed a loss of intracellular
light granules from the zona fasciculata
due to overproduction of glucocorticoid,
which might indicate a loss of cholesterol,
a material for glucocorticoid bio-
synthesis. Glucocorticoid secreted from
adrenal glands in response to various
physical and mental forms of stress.
According to Selye’ s stress theory and
recent investigators, adrenal glands are
enlarged as a reflection of the over-
production of glucocorticoid (cortical
hypertrophy) in the early phase of a
chronic stress state which Selye called
the “ alarming reaction stage (A-R)” . In
the latter phase of a chronic stress state
which Selye called the “ resistance
stage” , production of glucocorticoid is
reduced to the lowest level for resisting
the stress, so that adrenal glands return
to normal. Accordingly, a history of
maltreatment for less than 3 months might
correspond to the A-R of chronic stress as
indicated by Selye. The tendency of thymic
weight loss in such cases might be the
consequence of thymic involution by
hyperglucocorticoidemia during the A-R.
On the other hand, the elderly with a
history of maltreatment for more than 6
months showed similar adrenal weight as
control cases, because they might be in the
resistance stage as indicated by Selye.
Although we could not mention about the
elders with a history of maltreatment for
3 to 6 months, our results suggest that the
increase in adrenal weight might imply
elder abuse with a history of maltreatment
for relatively short periods. It remains
to be proved since when the adrenal
enlargement occurs in response to chronic
stress. Selye reported that the
histopathological change of A-R was
observed in rats with stress for 48 hours.
Our results showed that enlargement of the
adrenal gland was observed in a case of
elder abuse with a history of maltreatment
for several hours. Therefore, it is



possible that the adrenal enlargement
occurs  from several hours after
maltreatment.

In conclusion, the thymus weight is not
useful as a universal diagnostic marker
for elder abuse. In contrast, adrenal
weights in elder abuse cases with a history
of maltreatment for less than 3 months
significantly increased in comparison to
control cases. In addition, histopathol-
ogical findings showed a loss of
intracellular light granules from the zona
fasciculata, which might indicate a loss
of cholesterol due to the overproduction
of glucocorticoid in those cases. Our
results suggest that increase in adrenal
weight coupled to a loss of intracellular
light granules from adrenal cortex in
histopathological analysis might be a
potential marker for elder abuse with a
history of maltreatment for relatively
short periods, especially less than a few
months.
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