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Abstract

Objective: To examine relationships between childhood autobiographical memory disturbance (CAMD) and
adverse childhood experiences (ACEs) which are defined as common forms of child maltreatment and related
traumatic stressors.
Methods: We use the ACE score (an integer count of eight different categories of ACEs) as a measure of cumulative
exposure to traumatic stress during childhood. In a cross sectional analysis we assess the relationship of the ACE
score to the prevalence of CAMD in a sample of 9,460 relatively healthy adults evaluated for wellness care at
a southern California health maintenance organization between August 1995 and March 1996. In addition, we
examined possible secular influences by examining association among each of four birth cohorts. Logistic regression
was used to obtain the adjusted relative odds of CAMD associated with increasing ACE score.
Results: Overall, the age-standardized prevalence of CAMD was 18% (men: 15%; women: 19%). As the ACE
score increased, the prevalence of CAMD increased in a graded fashion for both men and women (p for trend
<.0001). After adjustment for age, sex, race/ethnicity, and education, adults with an ACE score ≥ 6 were 5.9 (95%
CI, 4.4–7.9) times more likely to have CAMD compared to adults with an ACE score of 0. The prevalence of
CAMD increased with each successive birth cohort, and graded relationships between the ACE score and CAMD
were observed among each of the four birth cohorts though no statistical difference in the association was found
across birth cohorts.

� The findings and conclusions in this report are those of the author(s) and do not necessarily represent the views of the Centers
for Disease Control and Prevention.
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Conclusions: The accumulation of ACEs across several domains is associated CAMD among men and women and
in each of four birth cohorts. Further research is needed that describes the prevalence of CAMD in population-based
samples and that examines whether impaired memory is a marker for persons neurobiologically affected by multiple
forms of child maltreatment and related traumatic stressors.
Published by Elsevier Ltd.
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Introduction

A disturbance in autobiographical memory (Howe & Courage, 1993; Nelson & Fivush, 2004) related
to childhood, or childhood autobiographical memory disturbance (CAMD), is a memory disruption char-
acterized by the inability to remember events from childhood. Although identified by Freud nearly
100 years ago (Pillemer, 1998), CAMD remains poorly understood. Relationships between childhood
physical and sexual abuse and deficits in short-term memory (Bremner et al., 1995) and CAMD
(Edwards, Fivush, Anda, & Felitti, 2001) have been observed among adult survivors. However, asso-
ciations of child maltreatment and related stressors and the accumulation of such stressors remains
unclear.

Using data from the Adverse Childhood Experiences (ACE) Study, a collaborative effort between
Kaiser Permanente (San Diego, CA) and the Centers for Disease Control and Prevention (Atlanta, GA),
we examined (1) the relationship between CAMD and common forms of child maltreatment and related
traumatic stressors (ACEs), and (2) the graded relationship between CAMD and the cumulative number
of ACEs (ACE score) (i.e., the dose-response relationship) among 9,460 adults evaluated for wellness
care at a southern California health maintenance organization. Finally, we examined whether relation-
ships between the ACE score and the likelihood of CAMD were similar across generations (i.e., birth
cohorts).

Methods

The ACE Study methods are described elsewhere (Anda et al., 1999; Anda et al., 2006; Felitti et
al., 1998), and the institutional review boards of Kaiser Permanente and the Office for Protection from
Research Risks at the National Institutes of Health approved the study. Briefly, participants were drawn
from the more than 50,000 adult members of the Kaiser Health Plan in San Diego who are evaluated
annually at Kaiser’s San Diego Health Appraisal Clinic; 81% of all adults within the San Diego Kaiser
Health Plan attend the Health Appraisal Clinic at least once in any 4-year period (Felitti et al., 1998).
As part of this annual examination, participants complete a standardized health history, psychosocial
evaluations, and a physical examination. We mailed a questionnaire to total of 13,494 members who
consecutively visited Kaiser’s Health Appraisal Clinic and completed the standardized clinic evaluation
between August 1995 and March 1996. The questionnaire covered childhood exposure to abuse, domestic
violence, and other forms of serious and interrelated household dysfunction (Dong et al., 2004). A total
of 9,508 (70%) members responded; information on race and educational attainment was incomplete for
48 persons, which left a total sample of 9,460 persons.
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All questions (Table 1) used to define ACEs pertained to the respondents’ first 18 years of life. We
used questions adapted from the Conflict Tactics Scale (Straus & Gelles, 1990) to measure emotional
and physical abuse. We defined contact sexual abuse using four questions adapted from Wyatt (1985).
We defined five exposures to household dysfunction during childhood: exposure to substance abuse
(Schoenborn, 1991), mental illness, violent treatment of mother or stepmother (Straus & Gelles, 1990),
criminal behavior in the household, and parental separation or divorce. We defined respondents as having
been exposed to a category if they responded “yes” to at least one of the questions in that category.

To assess the cumulative association of adverse childhood experiences with CAMD, we used the sum
of the eight categories of adverse childhood experiences described in Table 1 to create the ACE score.
The ACE score, therefore, ranges from 0 (unexposed) to 8 (exposed to all categories). The statistical
characteristics and validity of the ACE score were previously examined (Dong et al., 2004).

As part of the questionnaire, persons were asked, “Are there any large parts of your childhood after age
4 which you cannot remember?” Those who responded affirmatively were considered to have childhood
autobiographical memory disturbance (CAMD). Respondents were also asked to identify periods (2-year
increments) between the ages of 4 and 18 years for which they had memory deficits.

We completed analyses using SAS v9.1 (SAS Institute, Cary, NC). The 2000 US Standard Population
was used for direct age-standardization of prevalences. To assess the independent relationship between
the ACE score and CAMD, we compared prevalences using odds ratios (ORs) obtained by exponen-
tiating estimated regression coefficients derived from multivariable-adjusted logistic models. Age, sex,
race/ethnicity, and education were forced into all models. The analyses were repeated among four succes-
sive birth cohorts: 1900–1931, 1932–1946, 1947–1961, and 1962–1978. These birth cohorts were defined
based on the respondents’ age at completion of the study questionnaire using 15-year increments, with
the exception of the cohort dating 1900–1931 which results from the combination of the 1900–1915 strata
and the 1916–1931 strata due to small numbers of respondents in the former. All statistical inferences
were based on a significance level of α (two-sided) = .05.

Results

The study sample included 5,076 women (54%) and 4,384 men (46%). The participants’ mean age
(standard deviation) was 57 (15) years. Three-quarters of the participants were white, 42% were college
graduates, 31% had some college education, and 20% were high school graduates. Only 7% had not
graduated from high school. Thirty-seven percent (n = 3,523) of the participants had an ACE score of
zero, whereas 26% (n = 2,442) had a score of 1, 16% (n = 1,483) of 2, 9% (n = 883) of 3, 10% (n = 903)
of 4 or 5, and 2% (n = 226) of 6, 7, or 8. The prevalence of each ACE category is shown in Table 1.

Overall, the age-standardized prevalence of CAMD was 18% (n = 1,502); the prevalence was 15%
among men and 19% among women. Associations were observed between CAMD and each ACE
(Table 1); ORs ranged from 1.4 (incarcerated household member) to 3.2 (emotional abuse). As the
ACE score increased, the prevalence of CAMD increased in a graded fashion for both men and women
(Figure 1, p for trend <.0001). Overall, adults with an ACE score ≥ 6 were 5.9 (95% CI, 4.4–7.9) times
more likely to have CAMD compared to adults with an ACE score of 0.

To examine possible secular influences, we repeated the analyses among each of four birth cohorts
(Table 2). The age-standardized prevalence of CAMD increased with each successive birth cohort from
13% (1900–1931) to 20% (1962–1978). Strong graded relations between the ACE score and CAMD
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Table 1
Prevalences of adverse childhood experiences (ACEs) and of childhood autobiographical memory disturbance (CAMD) accord-
ing to the absence or presence of ACEs

Prevalence (%) Odds ratiob

(95% CI)

ACEs CAMDa

ACE + ACE −
Childhood abuse

Emotional 10.9 35.5 14.7 3.2 (2.7–3.7)
(Did a parent or other adult in the household

. . .)
(1) Often/very often swear at you, insult

you, or put you down?
(2) Sometimes/often/very often act in a

way that made you think you might be
physically hurt?

Physical 30.1 23.8 14.5 1.8 (1.6–2.0)
(Did a parent or other adult in the household

. . .)
(1) Often/very often push, grab, slap, or

throw something at you?
(2) Often/very often hit you so hard that

you had marks or were injured?
Sexual 20.0 28.1 14.4 2.0 (1.8–2.3)

(Did an adult or person at least 5 years older
ever . . .)

(1) Touch or fondle you in a sexual way?
(2) Have you touch their body in a sexual

way?
(3) Attempt oral, anal, or vaginal

intercourse with you?
(4) Actually have oral, anal, or vaginal

intercourse with you?
Household dysfunction

Substance abuse 25.1 24.4 14.2 1.8 (1.6–2.0)
(1) Did you live with anyone who was a

problem drinker or alcoholic?
(2) Did you live with anyone who used street

drugs?
Mental Illness 18.1 28.1 14.7 2.2 (1.9–2.5)

(1) Was a household member depressed or
mentally ill?

(2) Did a household member attempt
suicide?

Mother treated violently 12.2 29.2 15.6 2.2 (1.9–2.5)
(Was your mother (or stepmother) . . .)

(1) Sometimes/often/very often pushed,
grabbed, slapped, or had something
thrown at her?
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Table 1 (Continued )

Prevalence (%) Odds ratiob

(95% CI)

ACEs CAMDa

ACE + ACE −
(2) Sometimes/often/very often kicked,

bitten, hit with a fist, or hit with
something hard?

(3) Ever repeatedly hit over at least a few
minutes?

(4) Ever threatened with or hurt by a knife
or gun?

Incarcerated household member 3.4 24.7 17.1 1.4 (1.0–1.8)
(1) Did a household member go to prison?

Parental separation or divorce 22.2 23.3 15.1 1.6 (1.4–1.8)
(1) Were your parents ever separated or

divorced?

a Age-standardized to the 2000 US Standard Population.
b Relative odds of CAMD when comparing adults with each ACE category with those without, adjusted for age, sex,

race/ethnicity, and education.

Figure 1. Age-standardized prevalence and multivariable-adjusted relative odds of childhood autobiographical memory distur-
bance associated with adverse childhood experience (ACE) score by sex. Odds ratios were adjusted for age, sex, race/ethnicity,
and education.
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Table 2
Multivariable-adjusted relative odds of childhood autobiographical memory disturbance by ACE score and birth cohort

ACE score Birth cohort

1900–1931 1932–1946 1947–1961 1962–1978

Prevalence OR (95% CI) Prevalence OR (95% CI) Prevalence OR (95% CI) Prevalence OR (95% CI)

0 8.7% 1.0 (referent) 10.2% 1.0 (referent) 9.4% 1.0 (referent) 6.6% 1.0 (referent)
1 12.4 1.4 (1.1–1.8) 9.6 .9 (.7–1.3) 14.4 1.3 (.9–1.8) 14.2 2.4 (1.2–4.8)
2 17.4 2.0 (1.5–2.7) 19.4 2.1 (1.5–2.8) 18.9 1.9 (1.3–2.7) 19.8 3.5 (1.7–6.9)
3 20.9 2.4 (1.7–3.5) 22.1 2.6 (1.9–3.7) 18.9 1.8 (1.2–2.7) 29.1 5.7 (2.8–11.9)
4 or 5 26.2 3.9 (2.7–5.8) 32.7 3.6 (2.6–5.0) 38.5 4.1 (2.9–5.8) 32.9 6.8 (3.4–13.4)
6, 7, or 8 11.7 1.7 (.5–5.8) 52.3 7.6 (4.4–13.0) 35.9 4.4 (2.7–7.1) 51.0 14.0 (6.1–32.2)

Total 12.8 16.4 18.7 20.2

Prevalence is age-standardized to the 2000 US Standard Population. Odds ratios (ORs) were adjusted for age, sex, race/ethnicity, and education.
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were observed among each of the four birth cohorts, except among adults born between 1900 and
1931, for whom the relative odds of having an ACE score ≥ 6 was lower than in the other cohorts.
No statistical difference was found in the association between ACEs and CAMD across birth cohorts
(p = .11).

A total of 1,402 participants reported CAMD for at least one age period. Overall, 77% of the par-
ticipants reporting CAMD identified a deficit for the age period of 4–6 years, 57% for 7–9 years, 32%
for 10–12 years, 15% for 13–15 years, and 9% for 16–18 years (data not shown). When the age peri-
ods of reported CAMD (range, 1–5) were examined by ACE score, the mean number of periods was
1.9 (95% CI: 1.7–2.0) for persons with no ACEs (n = 348), 1.9 (95% CI: 1.7–2.1) for 1 ACE (n = 298),
2.0 (95% CI: 1.8–2.1) for 2 ACEs (n = 278), 1.9 (95% CI: 1.7–2.1) for 3 ACEs (n = 192), 2.1 (95%
CI: 1.9–2.3) for 4 or 5 ACEs (n = 292), and 2.2 (95% CI: 1.9–2.5) for ≥6 ACEs (n = 94). There were
no significant differences in the mean number of age periods of reported CAMD by ACE score (p for
trend = .13).

Discussion

This is the first study to show strong graded relations between the accumulation of ACEs across several
domains and CAMD; these findings were consistent between men and women and in each of four birth
cohorts. These findings build upon those of Edwards et al. (2001) and suggest that experiencing multiple
forms of child maltreatment and related traumatic stressors is associated with an increased likelihood of
autobiographical memory disturbances related to childhood.

Current evidence from neurobiology and epidemiology suggests that early life stressors such
as child maltreatment and related traumatic stressors may alter brain structure and function and
result in possible long-term consequences (Anda et al., 2006; De Bellis et al., 1999; Thomas &
De Bellis, 2004). Of particular relevance to the results here is that the normal development of
the hippocampus, which plays a role in memory storage and retrieval, may be vulnerable to the
upregulation of the hypothalamic–pituitary–adrenal axis that occurs in maltreated children (Gould
& Tanapat, 1999; Ladd, Owens, & Nemeroff, 1996; Liu et al., 1997; McEwen et al., 1992;
Sapolsky, 1996; Sapolsky, Uno, Rebert, & Finch, 1990). In fact, lower hippocampal volume has been
observed among women who were sexually abused as children (Heim & Nemeroff, 2001; Teicher,
2000).

The present results show a graded relation between the ACE score and CAMD within each of four
birth cohorts dating from 1900 to 1978. For adults born between 1900 and 1931, however, the relative
odds for an ACE score ≥6 was lower than in the other cohorts, perhaps because of the few observations
in this stratum (n = 21). The prevalence of CAMD decreased with increasing age, perhaps because of
older respondents’ fear of dementia-related memory loss or of stereotypes related to aging (Edwards et
al., 2001). However, because the study participants were unaware that CAMD would be related to their
later reports of childhood experiences, there is no reason to suspect systematic overreporting of ACEs by
younger persons with CAMD.

Our results, representative of a relatively healthy sample of adults from a health maintenance
organization in San Diego, are subject to some limitations. The ACE Study data used here are cross-
sectional; thus, causality cannot be inferred. Also, the dependent variable captured only global, long-term
memory disturbance. Relations between ACEs and CAMD may differ from those observed here if
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specific types of memory disturbance are captured (e.g., abuse memories) or if short-term memory is
assessed.

In summary, ACEs are associated with an increased likelihood of childhood autobiographical mem-
ory disturbance. Additional information on the prevalence of CAMD in population-based samples is
needed. Further research is also needed that examines whether impaired memory is a marker for persons
neurobiologically affected by ACEs.
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