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Abstract
Objective—To understand why children exposed to adverse psychosocial experiences are at
elevated risk for age-related disease, such as cardiovascular disease, by testing whether adverse
childhood experiences predict enduring abnormalities in stress-sensitive biological systems,
namely, the nervous, immune, and endocrine/metabolic systems.

Design—A 32-year prospective longitudinal study of a representative birth cohort.

Setting—New Zealand.

Participants—A total of 1037 members of the Dunedin Multidisciplinary Health and
Development Study.

Main Exposures—During their first decade of life, study members were assessed for exposure
to 3 adverse psychosocial experiences: socioeconomic disadvantage, maltreatment, and social
isolation.

Main Outcome Measures—At age 32 years, study members were assessed for the presence of
3 age-related-disease risks: major depression, high inflammation levels (high-sensitivity C-
reactive protein level >3 mg/L), and the clustering of metabolic risk biomarkers (overweight, high
blood pressure, high total cholesterol, low high-density lipoprotein cholesterol, high glycated
hemoglobin, and low maximum oxygen consumption levels.
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Results—Children exposed to adverse psychosocial experiences were at elevated risk of
depression, high inflammation levels, and clustering of metabolic risk markers. Children who had
experienced socioeconomic disadvantage (incidence rate ratio, 1.89; 95% confidence interval,
1.36–2.62), maltreatment (1.81; 1.38–2.38), or social isolation (1.87; 1.38–2.51) had elevated age-
related-disease risks in adulthood. The effects of adverse childhood experiences on age-related-
disease risks in adulthood were nonredundant, cumulative, and independent of the influence of
established developmental and concurrent risk factors.

Conclusions—Children exposed to adverse psychosocial experiences have enduring emotional,
immune, and metabolic abnormalities that contribute to explaining their elevated risk for age-
related disease. The promotion of healthy psychosocial experiences for children is a necessary and
potentially cost-effective target for the prevention of age-related disease.

DECLINING FERTILITY RATES and increasing life expectancy are leading to global
population aging.1 As the population ages, the public health impact of age-related
conditions, such as cardiovascular disease, type 2 diabetes mellitus, and dementia,
increases.2 Consequently, effective strategies are needed to prevent age-related diseases and
to improve the quality of longer lives. Interventions targeting modifiable risk factors (eg,
smoking, inactivity, and poor diet) in adult life have only limited efficacy in preventing age-
related disease.3,4 Because of the increasing recognition that preventable risk exposures in
early life may contribute to pathophysiological processes leading to age-related disease,5,6

the science of aging has turned to a life-course perspective.7,8 Capitalizing on this
perspective, this study tested the contribution of adverse psychosocial experiences in
childhood to 3 adult conditions that are known to predict age-related diseases: depression,
inflammation, and the clustering of metabolic risk markers, hereinafter referred to as age-
related-disease risks.

AGE-RELATED-DISEASE RISKS
Depression, inflammation, and the clustering of metabolic risk markers indicate abnormal
functioning of stress-sensitive systems.9 These 3 conditions also predict age-related
diseases. First, depression has been linked to multiple biological abnormalities, including
vascular pathologic changes, autonomic function changes, hypercoagulability, and
hypothalamic-pituitary-adrenal axis hyperactivity.10 Evidence shows that depression in
adulthood is linked to elevated risk of developing cardiovascular disease, diabetes, and
dementia in later life.11 Second, inflammation contributes to atherosclerosis, insulin
resistance, and neurodegeneration.12–14 Evidence shows that elevation in inflammation
biomarkers, such as C-reactive protein (CRP), in adulthood predicts the development of
cardiovascular disease, diabetes, and dementia in later life.15–17 Third, metabolic
abnormalities such as obesity, dyslipidemia, glucose intolerance, hypertension, and
cardiorespiratory fitness contribute to vascular lesions and hormonal imbalance. These
abnormalities tend to cluster in the same individuals.18,19 Evidence shows that the clustering
of metabolic risk markers in adulthood is associated with elevated risk of developing
cardiovascular disease, diabetes, and dementia in later life.18,20 Importantly, depression,
inflammation, and the clustering of metabolic risk markers frequently co-occur in the same
individuals, and their co-occurrence is associated with the greatest disease risk.20,21 To
improve life quality in aging populations, it is critical to gain a better understanding of the
origins of these 3 age-related-disease risks. Because adverse childhood experiences may
disrupt the physiological response to stress,22,23 they may influence the risk for depression,
inflammation, and clustering of metabolic risk markers.
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ADVERSE CHILDHOOD EXPERIENCES
Increasing evidence suggests that adverse childhood experiences may contribute to
depression, inflammation, and the clustering of metabolic risk markers. Among adverse
childhood experiences, 3 stand out as contributing factors: low socioeconomic status (SES),
maltreatment, and social isolation. First, low SES in childhood is a recognized risk factor for
age-related disease, such as cardiovascular disease.24 Childhood socioeconomic
disadvantage predicts age-related-disease risks, such as elevated inflammation levels and the
clustering of metabolic risk markers in adulthood.25–27 In contrast, the effect of low
childhood SES on later depression risk is debated.28 Second, retrospective investigations
and some prospective studies have shown that childhood maltreatment could contribute to
age-related-disease risks. Childhood maltreatment is a documented predictor of adult
depression.29 Emerging evidence suggests that childhood maltreatment may also contribute
to the risk of inflammation and metabolic risk markers in adult life.30–32 Third, it is
increasingly recognized that individuals experiencing social isolation are at greater risk for
disease.33–35 Adverse psychosocial experiences such as social isolation could be particularly
detrimental in the developing child,36 and initial findings suggest that childhood social
isolation may have enduring effects on the clustering of metabolic risk markers in adult
life.37

RESEARCH NEEDS
Most studies to date have examined—one at a time—the association between a single
adverse childhood experience and a single age-related-disease risk (eg, low childhood SES
and elevated adult inflammation26 or child-hood maltreatment and adult depression29).
Three important questions have therefore been left unaddressed. First, are the effects of
different adverse childhood experiences distinct from each other? To the extent that multiple
adverse childhood experiences co-occur in the same individuals, it is possible that their
effects on adult health are not independent and unique. Second, are the effects of different
adverse childhood experiences pervasive in different biological systems? Each adverse
childhood experience may influence a single age-related-disease risk in a single stress-
sensitive system, or, alternately, each adverse experience could influence multiple age-
related-disease risks. Third, are the effects of adverse childhood experiences independent of
the influence of other known risk factors for age-related disease? Adverse psychosocial
experiences in childhood are likely to be accompanied by other developmental risk factors
for poor adult health, including family history of disease,38 low birth weight,39 and
childhood overweight.40 It is thus important to test whether adverse psychosocial
experiences in childhood exert an influence on adult outcomes that is independent of these
established risk factors.

The present study addresses these 3 gaps. We followed up a population-representative birth
cohort from childhood to age 32 years and tested whether measures of low SES,
maltreatment, and social isolation assessed in the first decade of life predicted the
occurrence of depression and inflammation and the clustering of metabolic risk markers
assessed in adulthood. Analyses controlled for established developmental and current (adult)
risk factors for age-related disease.

METHODS
SAMPLE

Participants are members of the Dunedin Multidisciplinary Health and Development Study,
a longitudinal investigation of health and behavior in a complete birth cohort. Study
members (N=1037; 91% of eligible births; 52% male) were born between April 1972 and
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March 1973 in Dunedin, New Zealand, and participated in the first follow-up assessment at
age 3 years. The cohort represents the full range of SES in the general population of New
Zealand’s South Island and is primarily white. Assessments have been carried out at ages 3,
5, 7, 9, 11, 13, 15, 18, 21, 26, and 32 years, when study members attended the Study
Research Unit for a full day of individual data collection. This investigation is based on
study members who completed the assessment at age 32 years (n=972; 95.8% of the 1015
study members still alive in 2004–2005). The study protocol was approved by the
institutional review boards of the participating universities. Study members gave informed
consent before participating.

MEASURES OF AGE-RELATED-DISEASE RISKS AT AGE 32 YEARS
Psychiatric and physical examinations were conducted at age 32 years for 892 study
members (91.8%) who provided blood samples (venipunctures were always performed
between 4:15 and 4:45 PM). Twenty-six pregnant women were excluded from the reported
analyses.

Adult Major Depression—As previously described,41 study members were interviewed
by health professionals using the Diagnostic Interview Schedule42 with a reporting period of
12 months. Depression was diagnosed using the Diagnostic and Statistical Manual of Mental
Disorders (Fourth Edition).43

Adult High-Sensitivity CRP—As previously described,30 high-sensitivity CRP (hsCRP)
was measured on a particle-enhanced immunoturbidimetric assay (Hitachi 917 analyzer;
Roche Diagnostics, GmbH, Mannheim, Germany). A definition of high cardiovascular risk
according to the Centers for Disease Control and Prevention and the American Heart
Association (hsCRP level >3 mg/L) was adopted to identify our risk group.44 (To convert
hsCRP to nanomoles per liter, multiply by 9.524.)

Adult Clustering of Metabolic Risk Markers—As previously described,37 health risk-
factor clustering was assessed by measuring 6 biomarkers: (1) overweight, (2) high blood
pressure, (3) high total cholesterol, (4) low high-density lipoprotein cholesterol, (5) high
glycated hemoglobin, and (6) low maximum oxygen consumption levels adjusted for body
weight. The number of biomarkers on which each study member was at risk was summed,
and study members who had at least 3 risk factors were defined as having clustered
metabolic risk.

Number of Age-Related-Disease Risks—These 3 indicators of age-related-disease
risk were linked, but they were not redundant. For example, study members with an hsCRP
level greater than 3 mg/L were more likely to have clustering of metabolic risk markers (risk
ratio [RR], 2.56; 95% confidence interval [CI], 1.91–3.43) and to be depressed (1.49; 1.06–
2.09), but 60.6% of study members with metabolic risk marker clustering and 72.6% of
study members with depression did not have an hsCRP level greater than 3 mg/L. Similarly,
most study members with depression (83.1%) did not have clustering of metabolic risk
markers. Because previous research has shown that depression, inflammation, and the
clustering of metabolic risk markers have cumulative effects on clinical outcomes,20,21 we
summed these 3 age-related-disease risks for each Dunedin Study member and found that
59.5% of study members had none of the risks, 30.2% had 1 risk, and 10.3% had 2 or more
risks.

MEASURES OF ADVERSE CHILDHOOD EXPERIENCES
The assessment of study members’ exposure to adverse childhood experiences covered the
first decade of their lives.
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Childhood Low SES—As previously described,25 the SES of the study members’ parents
was measured on a scale that placed occupations into one of 6 categories (with 1 indicating
professional and 6, unskilled laborer) based on education and income associated with that
occupation in data from the New Zealand census.45 To define childhood SES, we first
identified at each assessment the highest SES of either parent and then averaged those
measures over repeated assessments from study members’ birth to age 15 years. Study
members were divided into 3 SES groups: high (16.2% of study members; groups 1 and 2:
eg, manager or physician), intermediate (64.1%; groups 3 and 4: eg, secretary or electrician),
and low (19.7%; groups 5 and 6: eg, cashier or textile machine operator).

Childhood Maltreatment—As previously described,46 the measure of childhood
maltreatment includes (1) maternal rejection assessed at age 3 years by observational ratings
of mothers’ interaction with the study children, (2) harsh discipline assessed at ages 7 and 9
years by parental report of disciplinary behaviors, (3) 2 or more changes in the child’s
primary caregiver, and (4) physical abuse and (5) sexual abuse reported by study members
once they reached adulthood. For each child, our cumulative index counts the number of
maltreatment indicators during the first decade of life; 63.7% of children experienced no
maltreatment, 26.7% experienced 1 indicator of maltreatment (hereinafter “probable”
maltreatment), and 9.6% experienced 2 or more indicators of maltreatment (“definite”
maltreatment).

Childhood Social Isolation—Evidence shows that chronic social isolation predicts poor
prognosis, and repeated assessment of children’s peer experiences is therefore recommended
for research purposes.47 As previously described,37 2 items of the Rutter Child Scale that
measure social isolation (“tends to do things on his/her own; is rather solitary” and “not
much liked by other children”) were reported about each study member at ages 5, 7, 9, and
11 years by their parents and teachers. Scores on these 2 items were averaged across the 4
time periods and the 2 reporters (Cronbach α=0.77). The samplewide distribution of
childhood social isolation scores was divided into quartiles (very low, low, high, and very
high) for analysis.

Number of Adverse Childhood Experiences—The 3 adverse childhood experiences
were linked but were not redundant. For example, children growing up with low childhood
SES were more likely to be maltreated (RR, 2.69; 95% CI, 1.83–3.94) and to be socially
isolated (1.62; 1.31–2.02), but 58.5% of maltreated children and 70.1% of socially isolated
children were not exposed to low SES. Similarly, maltreated children were more likely to be
socially isolated (RR, 1.60; 95% CI, 1.22–2.11), but most of the isolated children (86.0%)
were not maltreated. Because multiple adverse childhood experiences may have a
cumulative effect on age-related-disease risks, we summed the number of adverse childhood
experiences for each study member: 57.8% of study members had no adverse childhood
experiences, 30.3% had 1, and 11.9% had 2 or more.

ESTABLISHED DEVELOPMENTAL RISK FACTORS FOR AGE-RELATED DISEASE
Family History of Cardiovascular Disease and Depression—In 2003–2006, the
history of mental and physical disorders was assessed for the study members’ biological
parents. Both parents were interviewed (86.2%) or one reported for both (13.8%). Parental
history of depression was assessed with the Family History Screen.48 Parental history of
heart disease (defined as a history of heart attack, balloon angioplasty, coronary bypass, or
angina) was assessed following guidelines from the National Heart, Lung, and Blood
Institute Family Heart Study.49 It was not possible to assess family history of inflammation.

Birth Weight—Children’s birth weight was obtained from hospital records.
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Childhood Body Mass Index—Childhood body mass index (BMI) (calculated as weight
in kilograms divided by height in meters squared) was defined as the average of sex- and
age-standardized BMIs as calculated from physical measurements taken at ages 5, 7, 9, and
11 years.

ESTABLISHED CURRENT RISK FACTORS FOR AGE-RELATED DISEASE
Current Low SES—To determine current SES, study members’ current or most recent
occupation at age 32 years was coded according to the 6-point scale for contemporary
occupations in New Zealand; homemakers and those not working were prorated according
to their level of education.50

Current Smoking—At age 32 years, study members were divided into nonsmokers, light
smokers (≥10 cigarettes per day), moderate smokers (11–20), and heavy smokers (>20).

Current Physical Activity—Study members were interviewed about their amount and
type of physical activity in the week preceding the assessment at age 32 years and about
their personal effort involved in carrying out specific activities. According to guidelines
proposed by Ainsworth et al,51 interviewers rated physical activity as light, moderate, hard,
and very hard. The total metabolic equivalent score for the week was calculated as the
weighted sum of the time spent in each activity. The samplewide distribution of metabolic
equivalent scores was divided into quartiles for analysis.

Current Diet—At age 32 years, the study members reported their daily intake of fruits and
vegetables because of the evidence linking Mediterranean-style diet with reduced age-
related-disease risks.52 The samplewide distribution was divided into quartiles for analysis.

Current Medications—When study members were 32 years old, they were interviewed
about their use of medications. The effect of antidepressants, systemic corticosteroids,
respiratory corticosteroids, nonsteroidal anti-inflammatory drugs, prophylactic aspirin,
antigout medications, antirheumatic medications, statins, and estrogens was examined.

STATISTICAL ANALYSIS
Cox proportional hazards regression models with constant time of follow-up and robust
variance were fitted to estimate the association between adverse childhood experiences and
each of the categorical outcomes of age-related-disease risks at age 32 years. Poisson
regression models were fitted to estimate the association between adverse childhood
experiences and the number of age-related-disease risks at age 32 years. The regression
models were then expanded to test the independence of the effects of adverse childhood
experiences while controlling for established predictors of age-related-disease risks.

RESULTS
Table 1 summarizes the distribution of depression (panel 1), elevated inflammation levels
(panel 2), and clustering of metabolic risk markers (panel 3) in study members with different
levels of exposure to childhood socioeconomic disadvantage, maltreatment, and social
isolation.

PREDICTING DEPRESSION
The established developmental risk factors of family history of depression and low birth
weight predicted adult depression at age 32 years (Table 2, panel 1, bivariate analysis). After
controlling for these established risk factors (Table 2, panel 1, multivariate analysis),
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children who were maltreated (definite maltreatment: RR, 1.69; 95% CI, 1.13–2.55) and
children who were socially isolated (very high social isolation: 1.76; 1.12–2.77) were both at
greater risk of becoming depressed in adulthood. Under the assumption of causality and
independence, it was estimated that 31.6% of the cohort cases with depression were
attributable to adverse childhood experiences.

PREDICTING ELEVATED INFLAMMATION LEVELS
The established developmental risk factor of low birth weight predicted increased risk of
inflammation in adulthood (Table 2, panel 2). After controlling for this established risk
factor, children who were maltreated (definite maltreatment: RR, 1.56; 95% CI, 1.08–2.26)
and children who were socially isolated (very high social isolation: 1.60; 1.04–2.47) were
both at greater risk of elevated inflammation levels at age 32 years. It was estimated that
13.0% of the cohort cases with elevated inflammation were attributable to adverse childhood
experiences.

PREDICTING THE CLUSTERING OF METABOLIC RISK MARKERS
The established developmental risk factors of family history of heart disease and high
childhood BMI predicted the clustering of metabolic risk markers in adulthood (Table 2,
panel 3). After controlling for these established risk factors, children growing up in
socioeconomically disadvantaged families (low SES: RR, 2.11; 95% CI, 1.20–3.70) and
children who were socially isolated (very high social isolation: 1.96; 1.21–3.17) were both at
greater risk of metabolic risk marker clustering at age 32 years. It was estimated that 32.2%
of the cohort cases with clustering of metabolic risk markers were attributable to adverse
childhood experiences.

PREDICTING THE NUMBER OF AGE-RELATED-DISEASE RISKS
Table 3 shows incidence rate ratios indexing the associations between adverse childhood
experiences and the count of age-related-disease risks (ie, depression, inflammation, and the
clustering of metabolic risk markers) in adulthood. Three findings are noteworthy. First, all
of the established developmental risk factors—namely, family history (both depression and
heart disease), low birth weight, and high childhood BMI—predicted a greater number of
age-related-disease risks at age 32 years (Table 3, panel 1). Second, as the severity of
childhood socioeconomic disadvantage, maltreatment, and social isolation increased, the
number of age-related-disease risks at age 32 years also increased; that is, each adverse
childhood experience independently predicted a greater number of age-related-disease risks
at age 32 years in a dose-response fashion (Table 3, panel 2). Third, even after taking into
account the effects of (1) established developmental risk factors and (2) concurrent
circumstances and behaviors such as low SES, smoking, physical inactivity, and poor diet at
32 years of age, each adverse childhood experience still predicted a greater number of age-
related-disease risks at that age (Table 3, panels 3 and 4).

The Figure shows that the prevalence of adult depression (panel 1), elevated inflammation
(panel 2), and the clustering of metabolic risk markers (panel 3) each increased as a function
of the number of adverse childhood experiences. Furthermore, panel 4 shows that the risk of
developing 1 or more of these 3 adult conditions was related to the number of adverse
childhood experiences in a dose-response fashion.

COMMENT
This longitudinal-prospective study suggests that children experiencing socioeconomic
disadvantage, maltreatment, or social isolation are more likely to present risk factors for age-
related disease in adulthood, such as depression, inflammation, and the clustering of
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metabolic risk factors. The enduring consequences of adverse childhood experiences were
not explained by established developmental or concurrent risk factors. This research makes
4 contributions to knowledge about the connection between childhood rearing conditions
and adult health.

First, our results indicate that groups of children exposed to different adverse experiences do
not necessarily overlap; for example, most of the children experiencing maltreatment or
social isolation did not experience socioeconomic disadvantage. Consequently, different
adverse childhood experiences exerted independent effects on age-related-disease risks. This
evidence suggests that different interventions are needed to tackle each adverse childhood
experience. Relieving childhood poverty alone may be insufficient to reduce health
inequalities associated with adverse childhood experiences.

Second, our results indicate that children exposed to a greater number of adverse
experiences have a greater number of age-related-disease risks in adult life. The cumulative
effect of adverse childhood experiences points to new opportunities for disease prevention.
Whereas long-term social, political, and economic changes may be necessary to improve
children’s socioeconomic conditions, 53,54 available interventions targeting childhood
maltreatment55 and social isolation56 can be more readily implemented to prevent age-
related disease. Because even successful interventions have had so far only modest impact,
there is a need for continuing intervention innovations and program improvements. Adult
health could be improved by targeting children’s modifiable psychosocial risk factors.

Third, our results indicate that children exposed to adverse psychosocial experiences have
enduring abnormalities in multiple biological systems. There was some evidence of
specificity, supporting previous observations that childhood socioeconomic disadvantage
does not predict adult depression28 and suggesting that childhood maltreatment is a poor
predictor of metabolic risk marker clustering. However, the overall picture emerging from
our results was that adverse childhood experiences may simultaneously affect nervous,
immune, and endocrine/ metabolic functioning in adulthood. This evidence extends previous
experimental findings from animal models to humans.57–60 Our longitudinal findings are
consistent with the hypothesis that adverse psychosocial experiences in childhood disrupt
the physiological response to stress22,23 and that its chronic overactivation may lead to
detrimental consequences in stress-sensitive systems, namely, the nervous, immune, and
endocrine systems, or allostatic load.61 The resulting cumulative biological burden could
increase risk for age-related disease.62 Improving the psychosocial environment of children
may prevent multiple age-related-disease risks.

Fourth, our results indicate that children exposed to adverse experiences are more likely to
have age-related-disease risks in adult life regardless of their familial liability for disease,
birth weight, childhood weight, and adult SES and health behaviors. This evidence suggests
that modifying established risk factors is unlikely to wholly mitigate the economic health
burden associated with adverse childhood experiences.63 Promoting healthy psychosocial
experiences for children may be necessary to improve the quality of longer lives and reduce
health care costs across the life course.

These new findings should be examined alongside several study limitations. First, at age 32
years, study members were still too young to show age-related diseases. Instead, we focused
on intermediate risk factors such as depression, inflammation, and the clustering of
metabolic risk markers, which are known to predict age-related diseases.11,18,44 Although
we were unable to measure disease outcomes, we believe that the investigation of relevant
intermediate pathways may contribute to characterizing life-course health trajectories.
Second, findings from this New Zealand cohort require replication in other countries.
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However, childhood SES has been linked to cardiovascular disease in studies worldwide,24

which suggests that our results will replicate. Third, we focused our analyses on childhood
socioeconomic disadvantage, maltreatment, and social isolation because previous research
suggested a link between these measures and age-related disease.24,31,33 However, children
may be exposed to other significant adverse experiences, and research is needed to uncover
them.

In conclusion, it has long been known that patho-physiological processes leading to age-
related diseases may already be under way in childhood.64 This study suggests the
possibility that children’s experiences while growing up contribute to such physiological
processes. Reducing damage done by adverse childhood experiences may help reduce the
cost of age-related diseases.
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Figure.
Distribution of mean (SD) age-related-disease risks at age 32 years with different levels of
exposure to adverse childhood experiences (percentages and standard errors).
Nonparametric tests for trend across increasing number of early adverse experiences were as
follows: depression (panel 1): z=4.94, P<.001; high-sensitivity C-reactive protein level
(hsCRP) level greater than3 mg/L (panel 2): z=3.24, P=.001; clustering of metabolic risk
markers (panel 3): z=4.58, P<.001; and 1 or more age-related-disease risks (panel 4):
z=5.66, P<.001. To convert hsCRP to nanomoles per liter, multiply by 9.524.
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Table 1

Distribution of Age-Related-Disease Risks in Adults With Different Levels of Exposure to Adverse Childhood
Experiencesa

No. (%)

Adverse Childhood
Experiences

Panel 1:
Major
Depression

Panel 2:
hsCRP
>3 mg/L

Panel 3:
Clustering of
Metabolic Risk
Markers

Childhood SES

    High 23 (16.6) 18 (13.0) 13 (9.4)

    Average 76 (13.9) 113 (20.6) 84 (15.3)

    Low 36 (21.3) 43 (25.4) 44 (26.0)

Childhood maltreatment

    No 69 (12.6) 99 (18.0) 76 (13.8)

    Probable 39 (17.0) 49 (21.3) 51 (22.2)

    Definite 27 (32.5) 27 (32.5) 15 (18.1)

Childhood social isolation

    Very low 19 (11.5) 25 (15.1) 18 (10.8)

    Low 34 (14.7) 45 (19.5) 28 (12.1)

    High 33 (13.4) 53 (21.5) 40 (16.2)

    Very high 48 (22.5) 52 (24.4) 54 (25.4)

Abbreviations: hsCRP, high-sensitivity C-reactive protein; SES, socioeconomic status.

SI conversion factor: To convert hsCRP to nanomoles per liter, multiply by 9.524.

a
N = 862. Sample size may vary slightly because of missing values for childhood predictors.

Arch Pediatr Adolesc Med. Author manuscript; available in PMC 2013 January 31.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Danese et al. Page 15

Ta
bl

e 
2

Pr
ed

ic
tio

n 
of

 3
 A

ge
-R

el
at

ed
-D

is
ea

se
 R

is
ks

 in
 A

du
lts

 W
ith

 D
if

fe
re

nt
 L

ev
el

s 
of

 E
xp

os
ur

e 
to

 A
dv

er
se

 C
hi

ld
ho

od
 E

xp
er

ie
nc

es
 a

nd
 E

st
ab

lis
he

d
D

ev
el

op
m

en
ta

l R
is

k 
Fa

ct
or

s

R
is

k 
R

at
io

 (
95

%
 C

I)

P
an

el
 1

:
M

aj
or

 D
ep

re
ss

io
n

P
an

el
 2

:
hs

C
R

P
 >

3 
m

g/
L

P
an

el
 3

:
C

lu
st

er
in

g 
of

 M
et

ab
ol

ic
 R

is
k 

M
ar

ke
rs

B
iv

ar
ia

te
a

M
ul

ti
va

ri
at

eb
B

iv
ar

ia
te

a
M

ul
ti

va
ri

at
eb

B
iv

ar
ia

te
a

M
ul

ti
va

ri
at

eb

A
dv

er
se

 C
hi

ld
ho

od
 E

xp
er

ie
nc

es

C
hi

ld
ho

od
 S

E
S

   
 H

ig
h

1 
[R

ef
er

en
ce

]
1 

[R
ef

er
en

ce
]

1 
[R

ef
er

en
ce

]
1 

[R
ef

er
en

ce
]

1 
[R

ef
er

en
ce

]
1 

[R
ef

er
en

ce
]

   
 A

ve
ra

ge
0.

78
 (

0.
53

–1
.1

5)
0.

90
 (

0.
60

–1
.3

4)
1.

59
 (

1.
00

–2
.5

2)
1.

55
 (

0.
98

–2
.4

6)
1.

53
 (

0.
89

–2
.6

1)
1.

52
 (

0.
89

–2
.5

7)

   
 L

ow
1.

22
 (

0.
80

–1
.8

7)
1.

14
 (

0.
72

–1
.7

9)
1.

96
 (

1.
19

–3
.2

5)
1.

63
 (

0.
98

–2
.7

0)
2.

65
 (

1.
52

–4
.6

2)
2.

11
 (

1.
20

–3
.7

0)

C
hi

ld
ho

od
 m

al
tr

ea
tm

en
t

   
 N

o
1 

[R
ef

er
en

ce
]

1 
[R

ef
er

en
ce

]
1 

[R
ef

er
en

ce
]

1 
[R

ef
er

en
ce

]
1 

[R
ef

er
en

ce
]

1 
[R

ef
er

en
ce

]

   
 P

ro
ba

bl
e

1.
18

 (
0.

84
–1

.6
6)

1.
07

 (
0.

76
–1

.5
1)

1.
18

 (
0.

87
–1

.6
0)

1.
16

 (
0.

85
–1

.5
8)

1.
56

 (
1.

13
–2

.1
4)

1.
39

 (
1.

01
–1

.9
3)

   
 D

ef
in

ite
2.

28
 (

1.
58

–3
.2

7)
1.

69
 (

1.
13

–2
.5

5)
1.

80
 (

1.
26

–2
.5

8)
1.

56
 (

1.
08

–2
.2

6)
1.

28
 (

0.
77

–2
.1

1)
1.

04
 (

0.
65

–1
.6

7)

C
hi

ld
ho

od
 s

oc
ia

l i
so

la
tio

n

   
 V

er
y 

lo
w

1 
[R

ef
er

en
ce

]
1 

[R
ef

er
en

ce
]

1 
[R

ef
er

en
ce

]
1 

[R
ef

er
en

ce
]

1 
[R

ef
er

en
ce

]
1 

[R
ef

er
en

ce
]

   
 L

ow
1.

32
 (

0.
80

–2
.1

6)
1.

35
 (

0.
84

–2
.1

7)
1.

29
 (

0.
83

–2
.0

2)
1.

31
 (

0.
84

–2
.0

5)
1.

12
 (

0.
64

–1
.9

5)
1.

14
 (

0.
67

–1
.9

5)

   
 H

ig
h

1.
22

 (
0.

74
–2

.0
0)

1.
20

 (
0.

74
–1

.9
5)

1.
42

 (
0.

92
–2

.2
0)

1.
39

 (
0.

91
–2

.1
5)

1.
52

 (
0.

90
–2

.5
5)

1.
34

 (
0.

81
–2

.2
4)

   
 V

er
y 

hi
gh

1.
99

 (
1.

25
–3

.1
7)

1.
76

 (
1.

12
–2

.7
7)

1.
62

 (
1.

05
–2

.5
0)

1.
60

 (
1.

04
–2

.4
7)

2.
34

 (
1.

43
–3

.8
3)

1.
96

 (
1.

21
–3

.1
7)

E
st

ab
lis

he
d 

D
ev

el
op

m
en

ta
l R

is
k 

F
ac

to
rs

Fa
m

ily
 h

is
to

ry
1.

88
c  

(1
.3

6–
2.

61
)

1.
71

c  
(1

.2
3–

2.
39

)
…

…
1.

74
d  

(1
.2

8–
2.

38
)

1.
49

d  
(1

.0
9–

2.
03

)

B
ir

th
 w

ei
gh

t
0.

72
 (

0.
54

–0
.9

6)
0.

78
 (

0.
59

–1
.0

4)
0.

74
 (

0.
57

–0
.9

5)
0.

78
 (

0.
61

–1
.0

1)
1.

16
 (

0.
86

–1
.5

6)
0.

91
 (

0.
68

–1
.2

1)

C
hi

ld
ho

od
 B

M
I

1.
07

 (
0.

91
–1

.2
7)

1.
10

 (
0.

93
–1

.2
9)

1.
12

 (
0.

97
–1

.3
0)

1.
13

 (
0.

99
–1

.3
0)

1.
58

 (
1.

41
–1

.7
8)

1.
53

 (
1.

35
–1

.7
3)

A
bb

re
vi

at
io

ns
: B

M
I,

 b
od

y 
m

as
s 

in
de

x;
 C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; e

lli
ps

es
, n

ot
 a

ss
es

se
d;

 h
sC

R
P,

 h
ig

h-
se

ns
iti

vi
ty

 C
-r

ea
ct

iv
e 

pr
ot

ei
n;

 S
E

S,
 s

oc
io

ec
on

om
ic

 s
ta

tu
s.

a B
iv

ar
ia

te
 a

na
ly

se
s 

sh
ow

 th
e 

as
so

ci
at

io
n 

of
 s

in
gl

e 
ri

sk
 f

ac
to

rs
 w

ith
 a

ge
-r

el
at

ed
-d

is
ea

se
 r

is
ks

.

b M
ul

tiv
ar

ia
te

 a
na

ly
se

s 
sh

ow
 th

e 
as

so
ci

at
io

n 
of

 s
in

gl
e 

ri
sk

 f
ac

to
rs

 w
ith

 a
ge

-r
el

at
ed

-d
is

ea
se

 r
is

ks
 w

hi
le

 c
on

tr
ol

lin
g 

fo
r 

al
l o

th
er

 r
is

k 
fa

ct
or

s 
(i

e,
 in

de
pe

nd
en

t o
f 

th
e 

ef
fe

ct
 o

f 
ot

he
r 

ri
sk

 f
ac

to
rs

).
 M

ul
tiv

ar
ia

te
an

al
ys

es
 a

re
 a

dj
us

te
d 

fo
r 

se
x 

an
d 

m
ed

ic
at

io
n 

us
e.

c Fa
m

ily
 h

is
to

ry
 o

f 
m

aj
or

 d
ep

re
ss

io
n.

Arch Pediatr Adolesc Med. Author manuscript; available in PMC 2013 January 31.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Danese et al. Page 16
d Fa

m
ily

 h
is

to
ry

 o
f 

ca
rd

io
va

sc
ul

ar
 d

is
ea

se
.

Arch Pediatr Adolesc Med. Author manuscript; available in PMC 2013 January 31.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Danese et al. Page 17

Table 3

Prediction of Number of Age-Related-Disease Risks in Adults With Different Levels of Exposure to Adverse
Childhood Experiences and Established Risk Factors

Incidence Rate Ratio (95% CI)a

No. of Age-Related-Disease Risks at Age 32 yb

Panel 1:
Bivariate
Analysis

Panel 2:
Adverse Childhood
Experiences Model

Panel 3:
Developmental
Risks Model

Panel 4:
Life-Course
Model

Adverse Childhood Experiences

Childhood SES

    High 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

    Average 1.33 (0.99–1.80) 1.36 (1.00–1.85) 1.38 (1.02–1.88) 1.36 (1.00–1.86)

    Low 1.89 (1.36–2.62) 1.66 (1.19–2.33) 1.60 (1.14–2.26) 1.55 (1.09–2.21)

Childhood maltreatment

    No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

    Probable 1.37 (1.11–1.69) 1.28 (1.03–1.59) 1.27 (1.02–1.57) 1.26 (1.01–1.56)

    Definite 1.81 (1.38–2.38) 1.59 (1.19–2.11) 1.50 (1.12–2.01) 1.55 (1.15–2.08)

Childhood social isolation

    Very low 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

    Low 1.25 (0.91–1.71) 1.24 (0.91–1.71) 1.26 (0.92–1.72) 1.26 (0.92–1.73)

    High 1.35 (0.99–1.84) 1.31 (0.96–1.79) 1.27 (0.93–1.74) 1.29 (0.94–1.76)

    Very high 1.87 (1.38–2.51) 1.73 (1.27–2.34) 1.66 (1.22–2.25) 1.63 (1.20–2.21)

Established Developmental Risk Factors

Family history of depression 1.33 (1.09–1.62) … 1.25 (1.02–1.53) 1.23 (1.00–1.50)

Family history of CV disease 1.30 (1.05–1.60) … 1.24 (1.00–1.54) 1.24 (0.99–1.54)

Birth weight 0.81 (0.68–0.97) … 0.78 (0.65–0.94) 0.79 (0.66–0.95)

Childhood BMI 1.22 (1.10–1.35) … 1.22 (1.10–1.35) 1.22 (1.10–1.35)

Established Concurrent Risk Factors

Adult SES 0.79 (0.69–0.91) … … 0.88 (0.75–1.02)

Adult smoking 1.05 (0.96–1.16) … … 0.96 (0.87–1.07)

Adult physical activity 0.94 (0.86–1.02) … … 0.94 (0.86–1.03)

Adult diet 0.99 (0.90–1.08) … … 1.00 (0.91–1.11)

Abbreviations: BMI, body mass index; CI, confidence interval; CV, cardiovascular; ellipses, not assessed; SES, socioeconomic status.

a
Results are adjusted for sex and medication use.

b
Panel 1 shows the association of single risk factors with the number of age-related-disease risks. Panel 2 shows the nonredundant association of

different adverse childhood experiences with the number of age-related-disease risks (ie, the prediction from one adverse childhood experience
while controlling for the others). Panels 3 and 4 show, respectively, the independent association of different adverse childhood experiences with the
number of age-related-disease risks while controlling for established developmental risk factors and while controlling for both established
developmental risk factors and established concurrent risk factors.
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