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Abstract: Prior research shows that individuals who have exhibited antisocial behavior are in poorer
health than their same-aged peers. A major driver of poor health is aging itself, yet research has
not investigated relationships between offending trajectories and biological aging. We tested the
hypothesis that individuals following a life-course persistent (LCP) antisocial trajectory show accelerated aging in midlife. Trajectories of antisocial behavior from age 7 to 26 years were studied in
the Dunedin Multidisciplinary Health and Development Study, a population-representative birth
cohort (N = 1037). Signs of aging were assessed at age 45 years using previously validated measures
including biomarkers, clinical tests, and self-reports. First, we tested whether the association between
antisocial behavior trajectories and midlife signs of faster aging represented a decline from initial
childhood health. We then tested whether decline was attributable to tobacco smoking, antipsychotic
medication use, debilitating illnesses in adulthood, adverse exposures in childhood (maltreatment,
socioeconomic disadvantage) and adulthood (incarceration), and to childhood self-control difficulties.
Study members with a history of antisocial behavior had a significantly faster pace of biological aging
by midlife, and this was most evident among individuals following the LCP trajectory (β, 0.22, 95%CI,
0.14, 0.28, p ≤ 0.001). This amounted to 4.3 extra years of biological aging between ages 25–45 years
for Study members following the LCP trajectory compared to low-antisocial trajectory individuals.
LCP offenders also experienced more midlife difficulties with hearing (β, −0.14, 95%CI, −0.21, −0.08,
p ≤ 0.001), balance (β, −0.13, 95%CI, −0.18, −0.06, p ≤ 0.001), gait speed (β, −0.18, 95%CI, −0.24,
−0.10, p ≤ 0.001), and cognitive functioning (β, −0.25, 95%CI, −0.31, −0.18, p ≤ 0.001). Associations
represented a decline from childhood health. Associations persisted after controlling individually
for tobacco smoking, antipsychotic medication use, midlife illnesses, maltreatment, socioeconomic
status, incarceration, and childhood self-control difficulties. However, the cumulative effect of these
lifestyle characteristics together explained why LCP offenders have a faster Pace of Aging than
their peers. While older adults typically age-out of crime, LCP offenders will likely age-into the
healthcare system earlier than their chronologically same-aged peers. Preventing young people from
offending is likely to have substantial benefits for health, and people engaging in a LCP trajectory of
antisocial behaviors might be the most in need of health promotion programs. We offer prevention
and intervention strategies to reduce the financial burden of offenders on healthcare systems and
improve their wellbeing.
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1. Introduction
Antisocial behavior is the providence of youth. The age-crime curve documents that
the onset of antisocial behavior is typically between ages 8 and 14 years, and it peaks
between ages 15 and 19 years, followed by a gradual desistance period, typically between
ages 20 and 29 years [1,2]. However, what happens to antisocial youth as they age? Research
suggests that individuals who exhibited conduct problems in their youth utilize high levels
of healthcare services as adults [3]. Similarly, individuals exhibiting antisocial behaviors
were found to be in poorer health than their peers in adulthood. Thus, we can expect an
increase in service usage and disease burden among these high-need/high-cost antisocial
individuals [3,4]. Here, we present a test of the hypothesis that people exhibiting antisocial
behaviors age faster than their peers; that is, they experience accelerated physiological
decline toward age-related disease and mortality. We tested this hypothesis in a populationrepresentative cohort of New Zealanders who have been followed from birth to midlife.
This longitudinal study has two goals. First, in relation to theory, we aim to bridge insights
about developmental criminology with the emerging field of geroscience. Second, in
relation to practice and public health, we aim to shed light on the link between crime and
physical health across the life span.
Offenders are significantly more likely to die prematurely compared to non-offenders [5,6],
a statistic only partly explained by unnatural causes of death, such as homicide and suicide.
A recent meta-analysis of 36 studies (N = 1,116,614) on crime and health showed that people
who offend are over three times more likely to die prematurely, and this mortality gap is
in part attributable to deaths from physical disease. Indeed, deaths from physical disease
are twice as likely among offenders compared with non-offenders [7]. Having a history of
antisocial behavior is associated with multiple age-related conditions and diseases, including
hypertension, diabetes, arthritis, cardiovascular diseases, respiratory diseases and cancer [6,8].
A major driver of such medical conditions is the process of aging itself [9,10]. Biological aging
is the gradual, progressive coordinated decline in integrity across multiple organ systems that
occurs with advancing chronological age, causing morbidity and mortality [11]. While all
individuals age chronologically at the same rate, there is marked variation in their rate of
biological aging, some adults experience age-related decline faster than others [12,13]. Yet, few
studies have investigated biological aging among a segment of the population especially at
risk for faster biological aging and earlier onset of age-related disease: those who engage in
antisocial behaviors. We tested the hypothesis that accelerated biological aging may accompany
antisocial behavior, which tends to onset and peak in the first two decades, because this might
lead to physical disease, which onset and peak decades later [14].
To test the association between a history of antisocial behavior and accelerated aging,
we turned to the developmental taxonomy of antisocial behavior which proposes that
the age-crime curve conceals distinct groups of antisocial individuals [15]. The theory
distinguishes between life-course persistent versus adolescence-limited antisocial behavior
trajectories (hereafter LCP and AL). LCP individuals’ antisocial behavior has its origins in
neurodevelopmental processes and family adversity, beginning in childhood, and building persistently to construct a disordered personality with hallmark features of physical
aggression. In contrast, AL’s antisocial activities have their origins in age-graded social
processes that begin with a maturity gap in adolescence and end when social adulthood
is attained. According to the taxonomy, LCP antisocial behavior is rare, persistent, pervasive and pathological, whereas AL antisocial behavior is common, relatively transient,
situational and near normative. Subsequent research has revealed a third trajectory of
antisocial behavior characterized by childhood-limited (CL) conduct problems which desist
before adolescence [16]. Developmental research has confirmed the distinct etiology of
these antisocial trajectories [17]. A recent investigation of the link between criminal career
and early death among a 1950s cohort of English delinquents found limited evidence for
an association between LCP offenders, career duration and early death [18]. These results
were attributable, at least in part, to truncation by unnatural death (e.g., homicide, suicide),
as suggested by the authors. However, based on evidence that the mortality gap between
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offenders and non-offenders is only partially explained by unnatural causes of death, we
sought to investigate whether different developmental trajectories of antisocial behavior
are associated with accelerated pace of aging (i.e., a potential factor in early mortality) up
to midlife in a 1970s birth cohort.
To capture signs of aging, we evaluated the coordinated, progressive loss of integrity
across cardiovascular, metabolic, pulmonary, kidney, immune, and dental systems using a
19-biomarker composite measure of the pace of aging that has previously been developed
and validated [13]. This longitudinal measure captures correlated gradual decline across
organ systems from age 26 to 45 years and reflects differences among individuals in their
rate of biological aging. Accelerated pace of aging is known to predict elevated risk of
disease multimorbidity, including dementia, and early mortality [19–21]. In addition to the
pace of aging, we also measured sensory, motor, and cognitive functioning at midlife using
assessments that are typically used in gerontology. We also measured observer ratings of
participants’ facial age at midlife. Finally, to provide a proof-of-principle that replications
and extensions of this study are possible for research teams that do not have two decades
of repeated health measures, we also tested a DNA methylation biomarker measure of
pace of aging called DunedinPACE (for Pace of Aging Calculated from the Epigenome). It
distills our 19-indicator longitudinal measure of the decline in organ-system integrity into
an easy-to implement, single-time-point DNA-methylation blood-test.
Antisocial individuals who experience accelerated aging might also have been in worse
health as children [10]. As such, we tested whether the link between different antisocial
behavior trajectories and indicators of aging captured a decline from initial childhood health.
In addition, antisocial individuals may also be in otherwise poorer health as adults. Thus, we
tested whether the link between antisocial behavior and accelerated aging was attributable
to tobacco smoking, the use of antipsychotic medication whose side effects mimic signs of
accelerated aging [22], or to debilitating illnesses in adulthood. There is also a need to rule
out confounding by adverse childhood (e.g., maltreatment or growing up in poverty) and
adult (e.g., incarceration) exposures that may lead to accelerated aging [23–29]. We then
tested whether the association between antisocial behavior trajectories and accelerated aging
could be explained by childhood self-control difficulties that set in motion both lifelong
antisocial behavior and accelerated aging [26]. Finally, we tested whether individuals
exhibiting increased antisocial behaviors are also those who have the least health literacy,
potentially hindering future health promoting behaviors.
The overarching aim of this study was to investigate the association between antisocial
behavior trajectories and signs of accelerated aging by midlife in a prospective, populationbased cohort. Four specific aims were investigated. First, we investigated whether the three
antisocial trajectories (life-course persistent, childhood-limited, adolescence-limited) were
associated with midlife indicators of aging. Second, we tested whether this association
captured a decline from initial childhood health. Third, we investigated the contribution
of environmental and individual-level risk exposures in accounting for the association
between different antisocial behavior trajectories and signs of accelerated aging. Finally,
we investigated group differences in health knowledge.
2. Methods
2.1. Participants
Participants were members of the Dunedin Multidisciplinary Health and Development
Study, a longitudinal investigation of health and behavior in a complete birth cohort.
Dunedin participants (n = 1037, 91% of eligible births, 52% male) were all individuals born
between April 1972 and March 1973 in Dunedin, New Zealand, who were eligible based
on residence in the province at age 3 years and who participated in the first assessment at
age 3 years. Details are reported elsewhere [30]. The cohort represented the full range of
socioeconomic status in the general population of New Zealand’s South Island. The cohort
matches the New Zealand National Health and Nutrition Survey on key health indicators
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(e.g., body mass index, smoking, physical activity, and visits to the doctor) and matches the
New Zealand Census of people the same age on educational attainment.
Assessments were conducted at birth, at ages 3, 5, 7, 9, 11, 13, 15, 18, 21, 26, 32, and
38 years and, most recently, at age 45 years when 938 of the 997 participants (94.1%) still
alive participated. Participants who took part in assessments at age 45 years did not differ
significantly from other living participants in terms of childhood social class, childhood IQ,
or childhood self-control (Supplementary Materials, Attrition analyses).
At each assessment, participants are brought to the research unit for interviews and
examinations. These data are supplemented by searches of official records and by questionnaires that are mailed, as developmentally appropriate, to parents, teachers, and peers
nominated by the participants themselves. The Dunedin Study was approved by the NZHDEC (Health and Disability Ethics Committee). Study members gave written informed
consent before participating.
2.2. Assessment of Antisocial Behavior Trajectories
As previously described [16], Study members were classified as following a lifecourse-persistent (LCP), adolescence-limited (AL), childhood-limited (CL) or low antisocial
behavior trajectory, on the basis of growth-mixture modelling applied to six facets of
antisocial behavior assessed at ages 7, 9, 11, 13, 15, 18, 21, and 26: physical fighting,
bullying, destroying property, lying, stealing, and truancy (or chronic work absenteeism).
The LCP antisocial behavior group met conduct disorder diagnostic criteria at ages 7, 9,
11, 13 and 15, and the AL antisocial behavior group met criteria at age 15 [16]. After age
26, the antisocial behavior groups continued to diverge in antisocial behavior; according
to nationwide records, between ages 26–38, LCP individuals were convicted 5.3 times on
average, the AL group 1.1 times, and the low-antisocial group 0.31 times [17]. By age 45
years, 2.9% (n = 15) of individuals in the low antisocial trajectory group had died, compared
to 2.6% (n = 6) of the CL group, 6.3% (n = 12) of the AL group, and 4.3% (n = 4) of the LCP
antisocial group.
Of the 938 Study members assessed at age 45, 934 had been classified into an antisocial
group and could be included in the analyses: 8.9% (n = 83) were identified as following a
LCP antisocial behavior trajectory, 22.2% (n = 207) a CL antisocial behavior trajectory, 18.5%
(n = 173) an AL antisocial behavior trajectory, and 50.4% (n = 471) a low level of antisocial
behavior trajectory, totaling 934 participants. The four participants with missing antisocial
behavior trajectory data were excluded from this study.
2.3. Measuring Signs of Accelerated Aging in Midlife
We measured Study members’ pace of biological aging, plus the integrity of sensory
and motor systems (hearing, balance, motor functioning, and vision), and cognitive functioning at age 45 years by using previously validated measures based on assessments
typical of gerontology (Supplementary Materials).
Pace of Aging was measured for each Study member with repeated assessments of
a panel of 19 biomarkers taken at ages 26, 32, 38, and 45 years, a method previously described [13]. The 19 biomarkers were as follows: body mass index, waist–hip ratio, glycated
hemoglobin (HbA1C), leptin, blood pressure (mean arterial pressure), cardiorespiratory
fitness (VO2Max), forced expiratory volume in one second (FEV1), forced vital capacity
ratio (FEV1/FVC), total cholesterol, triglycerides, high-density lipoprotein cholesterol,
apolipoprotein B100/A1 ratio, lipoprotein(a), creatinine clearance, urea nitrogen, C-reactive
protein, white blood cell count, gum health, and caries-affected tooth surfaces. We modeled
change over time in each biomarker with 19 mixed-effects growth models and composited
the results (scaled by sex) within each individual to calculate their Pace of Aging as years
of physiological change occurring per one chronological year.
Social hearing (the ability to hear in noisy environments) was measured using the
Listening in Spatialized Noise-Sentences Test (LiSN-S). The test determines speech reception
thresholds (dB) for sentences presented in competing speech under various conditions that
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spatially separate the test sentences from competing speech. For our analyses, we used
a measure of low cue speech reception threshold, reflecting hearing performance when
the person is not receiving optimum auditory information [31]. Lower score indicates
worse performance.
Balance was measured using the Unipedal Stance Test, as the maximum time achieved
standing on one leg across 3 trials of the test with eyes closed [32]. A lower score indicates
worse performance.
Gait speed (m/s) was measured using the GAITRite Electronic Walkway (CIR Systems
Inc). Gait speed was assessed under 3 conditions: usual gait speed (walk at normal pace;
mean of 2 walks) and 2 challenging paradigms: dual task gait speed (walk at normal pace
while reciting alternate letters of the alphabet out loud; mean of 2 walks), and maximum
gait speed (walk as fast as safely possible; mean of 3 walks). We calculated the mean of the
3 individual walk conditions to generate a reliable measure of composite gait speed [33]. A
lower score indicates slower gait speed.
Visual Contrast sensitivity was measured using a Thomson Test Chart administered by
trained technicians. The chart presents 3 letters per line and the letters gradually fade from
black to grey to white on a white background to determine to lowest level of “contrast”
that the eye can detect. The resulting measure is a contrast sensitivity score function
(CSF), reflecting a person’s best-corrected contrast-detection threshold, the lowest contrast
at which a pattern can be seen. Lower scores indicate worse visual contrast sensitivity
capability at age 45.
Cognitive ability was measured using the Wechsler Adult Intelligence Scale-IV (WAISIV) [34]. Lower scores represent lower cognitive ability.
DunedinPACE was previously derived to develop a DNA methylation algorithm to
predict the 20-year Pace of Aging measure using Illumina EPIC array DNA methylation
data from blood collected at age 45. The resulting algorithm included 173 CpG sites and
demonstrated a high in-sample correlation with Pace of Aging at age 45 [19]. Results are
modelled as years of physiological change occurring per one chronological year.
Facial age was measured by an independent panel of eight raters of each participant’s
digital neutral facial photograph and coded such that higher scores indicate older appearance.
2.4. Measuring Childhood Health Indicators
We matched each of the midlife aging outcomes to prospectively collected childhood
measures (e.g., we matched adult gait speed with childhood motor development) in order to control for baseline childhood differences most relevant to each midlife outcome
assessed (Supplementary Materials). This enabled us to test whether associations between
antisocial behavior and midlife outcomes represent a relative decline from childhood
health. Table 1 shows the childhood health indicators in each of the four antisocial behavior
trajectory groups.
Childhood physical health between birth and age 11 was measured using birth records,
medical exams, anthropometry, lung function testing, nurse ratings, and clinical interviews
with parents about health conditions (e.g., asthma, childhood diabetes) [35].
Childhood social hearing at age 11 was assessed using a speech-in-noise test (SPIN).
The test measures children’s ability to correctly identify words under conditions of no
noise, and +10 and +5 dB SPIN ratios. To approximate the childhood measure to the adult
social hearing measure, we used children’s performance in the +5 dB SPIN ratio condition,
reflecting social hearing ability in the most difficult auditory environment [36].
Childhood balance at ages 3, 7, and 9 years was measured using the balance subtests of
the Bayley Motor Scales (age 3) and of the Basic Motor Ability Test (ages 7 and 9) [37,38].
Childhood vision at ages 7, 9 and 11 years was measured using the Sheridan Gardiner
single optotype letter matching test at 6m (age 7) and a 4-m logarithmic test chart (ages
9 and 11).
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Table 1. Health histories, adverse experiences, and self-control difficulties among individuals in the
four developmental trajectories of antisocial behaviors. These measures are used as covariates in estimating associations between developmental trajectories of antisocial behavior and aging outcomes.
Developmental Trajectories of Antisocial Behavior
Life-Course
Persistent
(n = 83)

ChildhoodLimited
(n = 207)

AdolescenceLimited
(n = 173)

Low
Antisocial
(n = 471)

Means (SD)/%
Childhood health indicators
Poor health *
Hearing *
Balance *
Motor development *
Vision *
Cognitive ability (IQ) *
Health problems in adulthood
Tobacco smoking
Antipsychotic medication use
Diabetes/heart attack/cancer
Adverse experiences
Childhood socioeconomic status *
Childhood maltreatment
Lifetime incarceration
Early childhood self-control difficulties *

0.15 (1.03)
−0.53 (1.25)
−0.08 (0.94)
−0.12 (1.01)
0.06 (0.58)
−0.46 (0.95)

0.15 (1.02)
−0.02 (0.94)
−0.03 (1.00)
−0.20 (1.21)
0.01 (0.93)
−0.31 (1.04)

−0.03 (1.03)
0.00 (1.02)
0.07 (1.09)
0.07 (0.95)
−0.07 (1.17)
0.00 (0.97)

−0.08 (0.97)
0.10 (0.94)
0.00 (0.98)
0.09 (0.90)
0.01 (1.02)
0.22 (0.94)

83.1%
2.4%
4.8%

52.2%
2.4%
8.3%

74.1%
2.3%
5.8%

37.8%
1.5%
5.3%

−0.64 (0.87)
27.7%
24.1%
0.51 (1.30)

−0.14 (0.95)
13.0%
2.0%
0.30 (1.24)

−0.15 (0.97)
11.0%
5.8%
−0.09 (0.86)

0.23 (0.99)
3.8%
0.6%
−0.19 (0.79)

Note. * Measure standardized to z-score (M = 0, SD = 1). IQ = Intelligence quotient.

Childhood motor development at ages 3, 5, 7 and 9 years was measured using the Bayley
Motor Scales (age 3) and the Basic Motor Ability Test (ages 7 and 9) [37,38]. To construct
a cross-age measure of childhood motor development, assessments were standardized to
M = 0 SD = 1 within age, and then averaged across ages.
Childhood cognitive ability was measured using the Wechsler Intelligence Scale for
Children-Revised (WISC-R), individually administered at ages 7, 9, and 11 years. Scores for
the 3 ages were averaged [39].
2.5. Measuring Health Issues in Adulthood
Tobacco smoking was coded as whether participants had reported daily tobacco smoking at any assessment up to age 45 years (478 participants [51.6% of cohort members]).
Antipsychotic medication use at age 45 years was assessed in standardized interviews about
medications, and participants brought medications on the assessment day, which were
evaluated by a pharmacist. Antipsychotics were used by 18 participants (1.9% of cohort
members). Cancer or heart attack by age 45 years was assessed by standardized interviews
that ascertained whether participants had been told by a health professional that they
had these diseases. Diabetes was assessed based on participants’ blood levels of glycated
hemoglobin. In line with clinical diagnostic criteria, a cutoff of 48 mmol/mol was used.
Cancer, heart attack, or diabetes by age 45 years affected 56 participants (6.2% of cohort
members). Table 1 shows the prevalence of these health conditions in each of the four
antisocial behavior trajectory groups for the participants of this study.
2.6. Measuring Adverse Experiences
Childhood socioeconomic status of participants’ families was measured using the 6-point
Elley-Irving socioeconomic index for New Zealand that assessed parents’ occupational
statuses, defined based on average income and educational levels derived from the New
Zealand Census [40,41]. Childhood maltreatment includes evidence of (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
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behaviours, (3) two 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; 64.2% of the full cohort experienced no maltreatment, 26.6% experienced
1 indicator of maltreatment (“probable” maltreatment), and 9.2% experienced 2 or more
indicators of maltreatment (“definite” maltreatment) [42]. Lifetime incarceration was assessed
via self-report at ages 32, 38 and 45 years. At age 32, participants were asked, “In your life,
have you ever spent any time in jail or prison?”. At phase 38 and 45, this was updated
with months of incarceration between phases. Reports were combined to create lifetime
months of incarceration. A total of 39 participants (4.1% of the full cohort) were identified
as having spent at least one month in jail or prison. Table 1 shows the distribution of these
environmental experiences among each of the four antisocial behavior trajectory groups for
the participants of this study.
2.7. Measuring Early Childhood Self-Control Difficulties
Children’s self-control difficulties were measured at ages 3 and 5 years, before the assessment of antisocial behavior trajectories. At ages 3 and 5 years, each child participated in
cognitive and motor tasks. The children were tested by examiners who had no knowledge
of their behavioral history, and who rated the child’s lack of control after the testing session [43,44]. Table 1 shows the mean levels of self-control difficulties among each of the
four antisocial behavior trajectory groups for the participants of this study.
2.8. Measuring Health Knowledge
To ascertain study members’ health knowledge at age 45 we administered two measures.
First, a multiple-choice scale included 6 items related to medical knowledge, prevention,
aging, physical disease, sun exposure, and sleep. Second, in an open-ended interview,
participants explained their understanding of different health principles such as: “What are
some of the reasons you should know your family history of illness?”; “If you are sick and
the doctor gives you an antibiotic, what are some of the reasons why you should finish all
the pills?”; “What are some of the reasons people tend to gain weight as they get older?”.
Using standardized scoring procedures, a panel of two raters coded responses on a scale
from 0 to 2. The Practical Health Knowledge measure was computed by standardizing
(M = 0, SD = 1) and averaging the multiple-choice and open-ended scales [26].
2.9. Statistical Analysis
Analyses were conducted in seven steps. First, regression analyses were conducted
to test the association between antisocial behavior trajectories and signs of accelerated
aging in midlife. In all analyses we controlled for sex and used dummy coding for the
antisocial trajectories, with the low trajectory of antisocial behavior as the reference category.
Second, we added, to each regression model, a prospectively-collected childhood health
indicator matched to each of the midlife outcomes to test whether associations between
antisocial behavior trajectories and midlife outcomes represent a decline from childhood
health. Third, we successively included indicators of poor adult health that may accelerate
aging: tobacco smoking, antipsychotic medication use, and cancer, heart attack, or diabetes.
Fourth, we successively added information about adverse experiences that might accelerate
aging (childhood SES, childhood maltreatment, incarceration). Fifth, we tested whether
antisocial behavior trajectories remained associated with signs of accelerated aging when
accounting for early childhood self-control difficulties, an individual characteristic known
to predict both antisocial behavior and accelerated aging. Sixth, we entered all covariates
together, to test if accumulating background and lifestyle factors could explain associations
between antisocial trajectories and aging outcomes. Finally, we looked at group differences
in health knowledge, which could affect their future (un)healthy behaviors and aging. We
present standardized regression coefficients (β) for all associations. Statistical analyses
were performed in Mplus, version 7.2 using full information maximum likelihood and
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−0.13 *** (−0.18, −0.06)
Childhood-limited
−0.10 ** (−0.17, −0.03)
Adolescence-limited
−0.10 ** (−0.17, −0.04)
Childhood
balance
0.15
*** (0.08,
0.21)
1000 bootstrapped samples [45]. Study goals and the analysis plan
were
preregistered
D.
Gait
speed
prior to conducting the research. Results reported here were checked for reproducibility
persistent
(−0.24, −0.10)
*** (−0.21, −0.09)
by anLife-course
independent
data analyst (R.M.H.),−0.18
who***recreated
the code−0.16
by working
from the
Childhood-limited
−0.11 ** (−0.18, −0.04)
−0.08 * (−0.15, −0.01)
manuscript and applying it to a fresh copy of the data set.
Adolescence-limited
−0.01 (−0.07, 0.06)
0.00 (−0.07, 0.06)
Childhood
motor
development
0.28
*** (0.21, 0.35)
3. Results
E. Visual contrast sensitivity
3.1. Are Antisocial Behavior Trajectories Associated with Signs of Accelerated Aging by Midlife?
Life-course persistent
−0.06 (−0.12, 0.00)
−0.06 (−0.12, 0.00)
Study
members with a history of antisocial
had a significantly
faster
pace of
0.02)
Childhood-limited
−0.06behavior
(−0.13, 0.02)
−0.06 (−0.13,
biological
aging
by
midlife,
and
this
was
most
evident
among
those
individuals
following
a
Adolescence-limited
0.01 (−0.05, 0.07)
0.01 (−0.05, 0.08)
LCP antisocial
trajectory
(Figure
1A,
Table
2A;
Model
1).
On
average,
individuals
following
Childhood vision
0.12 * (0.02, 0.23)
low antisocial
behaviors trajectory aged 0.94 (95%CI: 0.92, 0.97) biological year per
F.the
Cognitive
functioning
chronological
year.
The childhood- and adolescence-limited
each
faster,
Life-course
persistent
−0.25 *** (−0.31, −0.18)groups
−0.09
***aged
(−0.13,
−0.04)at a
rate ofChildhood-limited
1.03 (95%CI: 0.99, 1.07 for both) biological
per
chronological
on0.03)
average.
−0.17 *** year
(−0.24,
−0.11)
−0.01year,
(−0.06,
By far,Adolescence-limited
the LCP antisocial group aged fastest,
on***
average
1.17 (95%CI:
1.10,
1.24) biological
−0.14
(−0.21, −0.07)
−0.07
** (−0.12,
−0.03)
years Childhood
per chronological
year. By age 45, this amounted to an estimated
extra
IQ
0.77 ***4.3
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Table 2. Association between developmental trajectories of antisocial behavior and midlife aging
outcomes. Model 1 presents the association adjusted for participants’ sex. Model 2 presents the
model adjusted for participants’ sex and each of the corresponding baseline measures of childhood
health in order to test whether there has been health decline from early life. Standardized regression
coefficients and 95% confidence intervals (CI’s) are presented for all models.
Model 1

Model 2
β (95%CI)

A. Pace of Aging
Life-course persistent
Childhood-limited
Adolescence-limited
Poor childhood health
B. Social hearing
Life-course persistent
Childhood-limited
Adolescence-limited
Childhood hearing
C. One-legged balance
Life-course persistent
Childhood-limited
Adolescence-limited
Childhood balance
D. Gait speed
Life-course persistent
Childhood-limited
Adolescence-limited
Childhood motor development
E. Visual contrast sensitivity
Life-course persistent
Childhood-limited
Adolescence-limited
Childhood vision
F. Cognitive functioning
Life-course persistent
Childhood-limited
Adolescence-limited
Childhood IQ

0.22 *** (0.14, 0.28)
0.12 *** (0.06, 0.20)
0.12 *** (0.05, 0.18)

0.20 *** (0.13, 0.27)
0.11 ** (0.04, 0.17)
0.11 ** (0.05, 0.18)
0.20 *** (0.13, 0.27)

−0.14 *** (−0.21, −0.08)
−0.05 (−0.12, 0.02)
−0.01 (−0.09, 0.06)

−0.13 *** (−0.19, −0.07)
−0.04 (−0.11, 0.03)
−0.01 (−0.09, 0.06)
0.09 (0.00, 0.18)

−0.13 *** (−0.18, −0.06)
−0.10 ** (−0.17, −0.03)
−0.10 ** (−0.16, −0.03)

−0.13 *** (−0.18, −0.06)
−0.10 ** (−0.17, −0.03)
−0.10 ** (−0.17, −0.04)
0.15 *** (0.08, 0.21)

−0.18 *** (−0.24, −0.10)
−0.11 ** (−0.18, −0.04)
−0.01 (−0.07, 0.06)

−0.16 *** (−0.21, −0.09)
−0.08 * (−0.15, −0.01)
0.00 (−0.07, 0.06)
0.28 *** (0.21, 0.35)

−0.06 (−0.12, 0.00)
−0.06 (−0.13, 0.02)
0.01 (−0.05, 0.07)

−0.06 (−0.12, 0.00)
−0.06 (−0.13, 0.02)
0.01 (−0.05, 0.08)
0.12 * (0.02, 0.23)

−0.25 *** (−0.31, −0.18)
−0.17 *** (−0.24, −0.11)
−0.14 *** (−0.21, −0.07)

−0.09 *** (−0.13, −0.04)
−0.01 (−0.06, 0.03)
−0.07 ** (−0.12, −0.03)
0.77 *** (0.74, 0.80)

Note. Analyses compare each antisocial group to the reference group “low antisocial behavior.” Pace of aging
was measured with repeated assessments of a panel of 19 biomarkers taken at ages 26, 32, 38, and 45 years. Social
hearing was assessed using the Listening in Spatialized Noise Sentences Test (LiSN-S; Pohank, Switzerland).
One-legged balance was measured using the Unipedal Stance Test, as the maximum time achieved across
3 trials of the test with eyes closed. Gait speed was assessed with the 6-m-long GAITRite Electronic Walkway
(CIR Systems, Inc). Visual contrast sensitivity was assessed using the Thomson Test Chart (2016). Cognitive
functioning (IQ) was measured using the Wechsler Adult Intelligence Scale-IV (Wechsler, 2008). *** p ≤ 0.001;
** p ≤ 0.01; * p ≤ 0.05.

3.2. Are the Associations between Antisocial Behavior Trajectories and Signs of Accelerated Aging
in Midlife Capturing a Decline in Health?
The association between LCP antisocial behavior and accelerated Pace of Aging was
observed even after controlling for poor childhood health, suggesting that the link between
antisocial behavior and accelerated aging does not simply reflect developmental origins of
poor health already present in childhood (Table 2A; Model 2). Similarly, the association
between LCP antisocial behavior and the integrity of sensory and motor systems, with
the exception of visual contrast sensitivity, were observed even after controlling for their
matched childhood health measure, suggesting that the link between LCP antisocial behaviors and the integrity of midlife sensory and motor systems does not simply reflect poor
childhood sensory and motor function to begin with (Table 2B–E; Model 2). Individuals
following the LCP antisocial behavior trajectory also experienced cognitive decline by
midlife (Table 2F). On average, these individuals had had the poorest scores on tests of
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cognitive functioning in childhood (Table 1), and they continued to decline relative to
this baseline.
In contrast to the life-course persistent group, individuals following developmentally
transient antisocial behavior trajectories (whether CL or AL) showed a less clear picture of
compromised integrity of sensory and motor systems at midlife (Table 2). The CL antisocial
behavior group presented with accelerated Pace of Aging (Table 2A; Model 2) and a
decrease in the integrity of motor systems, as measured by one-legged balance (Table 2C;
Model 2) and gait speed (Table 2D; Model 2), after accounting for matched childhood
heath measures. The AL group experienced faster Pace of Aging (Table 2A; Model 2) as
well as a decline in one-legged balance (Table 2C; Model 2), after accounting for matched
childhood health measures, suggesting that these two associations do not simply reflect
poor childhood health to begin with. Individuals in the AL group experienced cognitive
decline as well (Table 2F; Model 2), and their childhood-to-adulthood cognitive decline
was not much different from the decline seen in the life-course persistent group (AL: 3.64
points vs. LCP: 4.19 points). Unlike the LCP group, AL individuals had average scores
on tests of cognitive functioning in childhood, while the low-antisocial group performed
above-average (Table 1). The CL group also performed poorly on tests of midlife cognitive
functioning, but this was a continuation of their poor cognitive functioning in childhood,
not a decline relative to their childhood functioning.
3.3. Are the Associations between Antisocial Behavior Trajectories and Signs of Accelerated Aging
in Midlife Attributable to Health Problems in Adulthood?
Next, we tested whether the antisocial behavior trajectories remained associated
with midlife aging outcomes after tobacco smoking, use of antipsychotic medication, and
cancer/heart attack/diabetes diagnoses were successively included in our models. Each of
these adult health indicators was associated with worse midlife aging outcomes (Table 3).
However, none accounted for the association observed between LCP (or AL) antisocial
behavior trajectories and accelerated aging (Figure 2 and Supplementary Table S1).
Table 3. Correlations between midlife aging outcomes and health problems in adulthood, adverse
experiences and self-control difficulties (n = 934).
Health Problems in Adulthood
Tobacco
Smoking
Pace of Aging
Social Hearing
One-legged
Balance
Gait Speed
Visual Contrast
Sensitivity
Cognitive
Functioning

Antipsychotic
Cancer/
Medication
Heart AtUse
tack/Diabetes

Adverse Experiences
Childhood
SES

Childhood
Maltreatment

Lifetime
Incarceration

Early
Childhood
Self-Control
Difficulties

0.23 ***
−0.11 ***

0.19 ***
−0.10 **

0.18 ***
−0.04

−0.24 ***
0.13 ***

0.19 ***
−0.08 *

0.23 ***
−0.11 ***

0.15 ***
−0.18 ***

−0.16 ***

−0.12 ***

−0.12 ***

0.19 ***

−0.14 ***

−0.08 **

−0.15 ***

−0.08 *

−0.09 *

−0.12 **

0.20 ***

−0.14 ***

−0.11 ***

−0.17 ***

−0.07 *

−0.12 **

−0.03

0.06

−0.14 ***

0.02

−0.10 **

−0.2 1***

−0.15 ***

−0.07 *

0.36 ***

−0.17 ***

−0.15 ***

−0.33 ***

Note. Pace of aging was measured with repeated assessments of a panel of 19 biomarkers taken at ages 26, 32,
38, and 45 years. Social hearing was assessed using the Listening in Spatialized Noise Sentences Test (LiSN-S;
Pohank, Switzerland). One-legged balance was measured using the Unipedal Stance Test, as the maximum
time achieved across 3 trials of the test with eyes closed. Gait speed was assessed with the 6-m-long GAITRite
Electronic Walkway (CIR Systems, Inc). Visual contrast sensitivity was assessed using the Thomson Test Chart
(2016). Cognitive functioning (IQ) was measured using the Wechsler Adult Intelligence Scale-IV (Wechsler, 2008).
*** p ≤ 0.001; ** p ≤ 0.01; * p ≤ 0.05.

Note. Pace of aging was measured with repeated assessments of a panel of 19 biomarkers taken at
ages 26, 32, 38, and 45 years. Social hearing was assessed using the Listening in Spatialized Noise
Sentences Test (LiSN-S; Pohank, Switzerland). One-legged balance was measured using the
Unipedal Stance Test, as the maximum time achieved across 3 trials of the test with eyes closed. Gait
speed was assessed with the 6-m-long GAITRite Electronic Walkway (CIR Systems, Inc). Visual
contrast sensitivity was assessed using the Thomson Test Chart (2016). Cognitive functioning
(IQ)
Int. J. Environ. Res. Public Health 2022, 19, 14402
11 of 19
was measured using the Wechsler Adult Intelligence Scale-IV (Wechsler, 2008). *** p ≤ 0.001; ** p ≤
0.01; * p ≤ 0.05.

Figure 2. Association between antisocial behavior trajectories and Pace of Aging at midlife, controlling
Figure 2. Association between antisocial behavior trajectories and Pace of Aging at midlife, controlfor the
7 study
covariates
shown
in in
colors
(n(n
= =934).
life-course persistent,
persistent,
ling
for the
7 study
covariates
shown
colors
934).The
The figure
figure compares
compares life-course
childhood-limited, and
group
of of
study
members
childhood-limited,
and adolescence-limited
adolescence-limitedantisocial
antisocialgroups
groupstotoa areference
reference
group
study
memwho who
engaged
in no in
or no
loworlevels
antisocial
behavior.
Figure shows
means and
standard
bers
engaged
low of
levels
of antisocial
behavior.
Figureadjusted
shows adjusted
means
and
errors forerrors
one outcome
(Pace of Aging);
Tables S1–S3
provide
results
for
all of for
the
standard
for one outcome
(Pace ofSupplemental
Aging); Supplemental
Tables
S1–S3the
provide
the
results
all
of the
other
aging outcomes.
other
aging
outcomes.

3.4. Are
Are the
the Associations
Associations between
and
Signs
of Accelerated
Aging in
3.4.
betweenAntisocial
AntisocialBehavior
BehaviorTrajectories
Trajectories
and
Signs
of Accelerated
Midlife Due to Adverse Experiences Common to Both Antisocial Behavior and Accelerated Aging?
Aging in Midlife Due to Adverse Experiences Common to Both Antisocial Behavior and
We then
tested whether the antisocial behavior trajectories remained associated with
Accelerated
Aging?
midlife aging outcomes after accounting for the socioeconomic origins of the Study memWe then tested whether the antisocial behavior trajectories remained associated with
bers, for their exposure to childhood maltreatment, and for their lifetime incarceration
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bers, for their exposure to childhood maltreatment, and for their lifetime incarceration
(Table 3), but none accounted for the association between LCP (or AL) antisocial behavior
histories. Each of these experiences was associated with worse midlife aging outcomes
trajectories and accelerated aging (Figure 2 and Supplementary Table S2).
3.5. Are the Associations between Antisocial Behavior Trajectories and Signs of Accelerated Aging
in Midlife Due to Shared Risk from Early Childhood Self-Control Difficulties?
Finally, we tested whether the association between antisocial behavior trajectories and
midlife aging outcomes could be explained by self-control difficulties that, in particular,
characterized toddlers who grew up to be involved in LCP antisocial behavior. Poor early
childhood self-control was, indeed, associated with the midlife aging outcomes (Table 1),
but it did not statistically account for the association between antisocial behavior trajectories
and accelerated aging (Figure 2 and Supplementary Table S3).
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3.6. Are the Associations between Antisocial Behavior Trajectories and Signs of Accelerated Aging
in Midlife Due to the Cumulative Impact of Childhood and Adult Health Problems, and
Adverse Experiences?
Our findings reported above showed that, on their own or additively, adult health
problems did not account for the association between LCP antisocial behavior trajectory
and signs of accelerated aging (Supplementary Table S3, Model 1). Similar findings were
reported for adverse experiences: individually or additively, they did not account for the
link between LCP trajectory and accelerated aging (Supplementary Table S3, Model 2).
However, the LCP antisocial behavior trajectory was no longer significantly associated
with outcomes of accelerated aging when all the covariates were included concomitantly in
the model (i.e., corresponding childhood health indicator, tobacco smoking, antipsychotic
medication use, cancer/heart attack/diabetes, childhood SES, childhood maltreatment,
lifetime incarceration, and early childhood self-control difficulties; Supplementary Table
S3, Model 3; Figure 2). For example, the standardized association between LCP antisocial
behavior and Pace of Aging was 0.22, but when all the covariates were added, this association dropped to 0.06 (p ≤ 0.001). Thus, it appears to be the lifelong childhood-to-adulthood
lifestyle of LCP individuals that explains their accelerated aging.
3.7. Do Individuals on Antisocial Behavior Trajectories Differ in Facial Age?
As a way of summarizing the associations between antisocial behavior trajectories
and diverse indicators of accelerated midlife aging, we asked independent raters who had
no information about the Study to evaluate facial photographs of the Study members and
to estimate their age. The differences were striking: by age 45, individuals following the
LCP trajectory of antisocial behavior were rated as looking the oldest (Mean z-score = 0.49,
95%CI: 0.25, 0.75) (Figure 3). To a lesser extent, individuals who followed the CL antisocial
behavior trajectory (Mean z-score = 0.04, 95%CI: −0.10, 0.17) and those who followed the
AL antisocial behavior trajectory (Mean z-score = 0.20, 95%CI: 0.05, 0.36) were also rated
as looking older by midlife. Individuals following the low antisocial behavior trajectory
were rated the youngest (Mean z-score = −0.18, 95%CI: −0.26, −0.10). Among LCP and AL
offenders, these associations were observed even after accounting for the Study members’
adult health problems (i.e., tobacco smoking, antipsychotic medication use, cancer/heart
attack/diabetes) and for their adverse experiences in childhood (e.g., socioeconomic background, maltreatment) and in adulthood (i.e., incarceration) (Supplementary Table S4).
3.8. Are There Group Differences in Health Knowledge According to Antisocial Behavior
Trajectories?
In addition to having the oldest facial appearance, aging at the fastest pace, and showing
the steepest declines in sensory, motor and cognitive systems accompanying biological aging,
LCP offenders also had the least health knowledge (mean z-score= −0.73 (95%CI: −0.98,
−0.50) vs. low antisocial group mean= 0.22 (95%CI: 0.14, 0.31). Similarly, the CL and the AL
had less health knowledge than the low-antisocial group (CL: mean z-score= −0.14 (95%CI:
−0.27, 0.00); AL: mean= −0.11 (95%CI: −0.27, 0.03), but both groups were better informed
than people following a LCP antisocial behavior trajectory, suggesting that LCP offenders
are not well situated to take proactive steps to enhance their health going forward.
3.9. Associations between Antisocial Behavior Trajectories and DunedinPACE in Midlife
This longitudinal study relied on multiple indicators of midlife aging, including a
measure of the Pace of Aging which observed age-related decline across multiple organ
systems over a period of 20 years. Such a measure is not readily available in most other
studies, making future replication efforts of the findings reported here difficult. Fortunately,
a novel DNA-methylation biomarker of the Pace of Aging has recently been made publicly
available, DunedinPACE ([35], Supplementary Methods). We duplicated our tests of the
association between antisocial behavior trajectories and the Pace of Aging using DunedinPACE. The results in Supplementary Table S5 (Panel A) show that we obtain results
comparable to those of the 19-biomarker longitudinal measure of Pace of Aging (Panel B).
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Figure 3. Facial age among individuals following four developmental trajectories of antisocial behavior:
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havior: Low antisocial (n = 471), Adolescence-limited (n = 173), Childhood-limited (n = 207), and
persistent (n = 83). Panel shows the mean and standard errors of facial age in standardized units.
Life-course persistent (n = 83). Panel shows the mean and standard errors of facial age in standardized
units.
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and substance misuse, lack of sleep, physical activity, poor dietary choices, low relationship
quality, and exposure to violence and victimization [51,53–56].
Overall, LCP offenders are more likely than their non-offending peers to impose heavy
long-term costs on the healthcare system [46,57]. As medicine is increasingly capable of
prolonging lifespan, our results suggest that older adults aging out of crime will likely age
into the healthcare system earlier than their chronologically same-aged peers. Consequently,
as they age, LCP individuals will represent a disproportionally high cost to the healthcare
system. Our findings have clear implications for society: primary prevention targeting
health literacy, as well as health promotion interventions that will be needed to support the
wellbeing of LCP offenders’ and limit their long-term impact on healthcare and social (e.g.,
welfare) services. Indeed, these people are hit with double misfortune: they are at highest
risk of earlier age-related health decline and they are also the least knowledgeable about
positive health behaviors and why they matter.
Actionable Recommendations: What Can Be Done?
If the association between LCP antisocial lifestyle and aging turns out to be causal,
offering health education programs focusing on modifiable health behaviors at every
opportunity (e.g., in community-based programs; at school; and at every contact with the
judicial, welfare, and healthcare systems) has the potential to slow aging and improve
offenders’ health and wellbeing, thereby reducing their burden on healthcare services by
limiting risk factors associated with faster age-related health decline because offending
starts and peaks long before physical diseases. Diet, for example, has been linked to
decelerated biological aging [58,59]. A study of 32,974 warehouse employees indicated
that worksites with a wellness program had a higher rate of employees who reported
engaging in regular exercise and actively managing their weight [60]. In the US prison
context, an investigation of a wellness programs’ effectiveness showed some evidence
of reducing depression and smoking for individuals who completed the entire program,
although improvements in exercise and nutrition were not evident [61]. These results
may be attributable to environmental factors associated with correctional facilities, such
as strict rules and regulations as well as poor nutritional offerings. It may be that inmate
wellness programs and interventions are beneficial for improving health behaviors through
education but institutional policy changes are needed to improve environmental health
factors of correctional facilities [61]. Future research is needed to test whether lifestyle
interventions can slow the pace of biological aging to improve quality of life in older adults
as well as substantial healthcare savings.
LCP individuals start life with disadvantages promoting poor health (e.g., maltreatment) and grow up into a lifestyle that exacerbates their poor health. If the association
between LCP antisocial lifestyle and aging is indeed causal, considering antisocial behaviors as a serious health concern could contribute to mitigate the health-span gap between
offenders and non-offenders. Offering behavioral interventions on antisocial behavior early
in development, before subsequent negative health behaviors are acquired and integrated
as part of individuals’ lifestyle to divert potential offenders, especially LCP offenders, onto
a new trajectory could reduce the impact of life-course persistent antisocial lifestyle and
attendant negative health behaviors and effects [62].
The association between antisocial trajectories and faster aging presents an opportunity
for public health to reduce the burden caused by LCP offenders’ early onset of age-related
diseases, thereby reducing the upcoming increasingly high costs to the healthcare system.
Even if associations between antisocial behaviors and aging are not causal, individuals with
a LCP trajectory are a high-priority group to monitor for signs of accelerated aging—such
as motor problems and cognitive decline—that become apparent earlier in this group than
in the general population. Such monitoring will require greater integration of social and
physical health services to reduce health inequalities [14].
Our study has some limitations. First, our analyses were conducted on a single cohort,
primarily white New Zealanders. However, it is important to note that studies in the
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literature show connections between accelerated pace of biological aging, risk factors,
and disease outcomes in African American research participants (e.g., [51]). Second, the
rate of death among LCP offenders in our sample was relatively low, whereas American
studies report elevated rates of early death for LCP offenders [48,63]. Thus, death rates may
somewhat differ according to availability of free universal healthcare and degree of firearms
control. Third, participants have only been followed to age 45 years, so whether people with
signs of accelerated aging by midlife will die younger is not yet known. However, other
research has established that our outcome measures, such as Pace of Aging and gait speed,
are associated with morbidity and mortality in older adults [12,64]). Moreover, follow-up
research will soon be possible within the study sample as a new wave of data collection
is scheduled for age 52. Fourth, we did not control for all possible confounders typically
associated with LCP offenders’ lifestyle that may be associated with accelerated aging,
such as substance misuse. However, substance misuse is inherently part of the antisocial
lifestyle, so trying to identify LCP offenders who never misused substances or trying to
control statistically for substance misuse history will simply rule out the very lifestyle we
are trying to study. Individuals on the life-course-persistent trajectory are characterized
by correlated aging and lifestyle features. It is not the case that any one of these features
(e.g., Pace of Aging, smoking) “accounts for” or “confounds” the other. Rather, they all
contribute to characterize the most persistently antisocial individuals in society. Our study
provides a more comprehensive picture of the overall age-related health decline of antisocial
individuals and distinguished those on a life-course-persistent trajectory from those on
other antisocial trajectories.
5. Conclusions
The findings of this cohort study suggest that a trajectory of LCP antisocial behaviors
is associated with accelerated aging at midlife, years before the typical onset of age-related
diseases. Monitoring of individuals who engage in antisocial behaviors for signs of accelerated aging may have the potential to reduce health inequalities and improve offenders’
lives. Furthermore, study results suggest that juvenile and adult detention center-based
health-promoting programs targeting modifiable health-risk behaviors may have the potential to prevent offenders from becoming high-need/high-cost health services users. As
the population—including the carceral population—is aging, criminology and geroscience
must join forces to foster healthier aging among offenders, thus limiting the growing
healthcare costs.
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University of Otago is within the Ngāi Tahu tribal area who we acknowledge as first peoples, tangata
whenua (translation: people of this land). We thank the Dunedin Study members, Unit research staff,
and Study founder Phil Silva. We also thank Renate Houts and HonaLee Harrington for their help
and guidance.
Conflicts of Interest: T.M.E. and A.C. are named inventors on a product licensed by Duke University.

References
1.
2.
3.

4.
5.
6.

7.
8.
9.
10.
11.
12.
13.

14.
15.
16.

17.

DeLisi, M. 4 Age–Crime Curve and Criminal Career Patterns. In The Development of Criminal and Antisocial Behavior; Morizot, J.,
Kazemian, L., Eds.; Springer: Cham, Switzerland, 2015. [CrossRef]
Quetelet, A. Research on the propensity for crime at different ages. In Crime: Critical Concepts in Sociology; Bean, P., Ed.; Taylor &
Francis: London, UK, 2003; pp. 119–135.
Rivenbark, J.G.; Odgers, C.L.; Caspi, A.; Harrington, H.; Hogan, S.; Houts, R.M.; Moffitt, T.E. The high societal costs of childhood
conduct problems: Evidence from administrative records up to age 38 in a longitudinal birth cohort. J. Child Psychol. Psychiatry
2018, 59, 703–710. [CrossRef] [PubMed]
Skinner, G.C.; Farrington, D.P. Antisocial personality versus GP reported and self-reported health outcomes. J. Forensic Psychiatry
Psychol. 2021, 32, 506–519. [CrossRef]
Skinner, G.C.M.; Farrington, D.P. The healthcare plight of offenders in the community. Crim. Behav. Ment. Health 2022, 32, 249–254.
[CrossRef] [PubMed]
Goldstein, R.B.; Dawson, D.A.; Chou, S.P.; Ruan, W.J.; Saha, T.D.; Pickering, R.P.; Grant, B.F. Antisocial behavioral syndromes and
past-year physical health among adults in the United States: Results from the National Epidemiologic Survey on Alcohol and
Related Conditions. J. Clin. Psychiatry 2008, 69, 368–380. [CrossRef]
Skinner, G.C.; Farrington, D.P. A systematic review and meta-analysis of premature mortality in offenders. Aggress. Violent Behav.
2020, 53, 101431. [CrossRef]
Solares, C.; Dobrosavljevic, M.; Larsson, H.; Cortese, S.; Andershed, H. The mental and physical health of older offenders: A
systematic review and meta-analysis. Neurosci. Biobehav. Rev. 2020, 118, 440–450. [CrossRef]
Kennedy, B.K.; Berger, S.L.; Brunet, A.; Campisi, J.; Cuervo, A.M.; Epel, E.S.; Sierra, F. Geroscience: Linking aging to chronic
disease. Cell 2014, 159, 709–713. [CrossRef]
Wertz, J.; Caspi, A.; Ambler, A.; Broadbent, J.; Hancox, R.J.; Harrington, H.; Moffitt, T.E. Association of history of psychopathology
with accelerated aging at midlife. JAMA Psychiatry 2021, 78, 530–539. [CrossRef]
Kaeberlein, M. Longevity and aging. F1000prime Rep. 2013, 5, 5. [CrossRef]
Belsky, D.W.; Caspi, A.; Arseneault, L.; Baccarelli, A.; Corcoran, D.L.; Gao, X.; Moffitt, T.E. Quantification of the pace of biological
aging in humans through a blood test, the DunedinPoAm DNA methylation algorithm. Elife 2020, 9, e54870. [CrossRef]
Elliott, M.L.; Caspi, A.; Houts, R.M.; Ambler, A.; Broadbent, J.M.; Hancox, R.J.; Moffitt, T.E. Disparities in the pace of biological
aging among midlife adults of the same chronological age have implications for future frailty risk and policy. Nat. Aging 2021,
1, 295–308. [CrossRef] [PubMed]
Moffitt, T.E.; Caspi, A. Psychiatry’s opportunity to prevent the rising burden of age-related disease. JAMA Psychiatry 2019,
76, 461–462. [CrossRef] [PubMed]
Moffitt, T.E. The neuropsychology of conduct disorder. Dev. Psychopathol. 1993, 5, 135–151. [CrossRef]
Odgers, C.L.; Moffitt, T.E.; Broadbent, J.M.; Dickson, N.; Hancox, R.J.; Harrington, H.; Poulton, R.; Sears, M.R.; Thomson, W.M.;
Caspi, A. Female and male antisocial trajectories: From childhood origins to adult outcomes. Dev. Psychopathol. 2008, 20, 673–716.
[CrossRef] [PubMed]
Moffitt, T.E. Male antisocial behaviour in adolescence and beyond. Nat. Hum. Behav. 2018, 2, 177–186. [CrossRef]

Int. J. Environ. Res. Public Health 2022, 19, 14402

18.
19.
20.

21.

22.
23.
24.
25.
26.

27.

28.

29.
30.
31.
32.
33.
34.
35.

36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

17 of 19

Skinner, G.C.; Farrington, D.P.; Jolliffe, D. Criminal careers and early death: Relationships in the Cambridge study in delinquent
development. Br. J. Criminol. 2022, 62, 840–856. [CrossRef]
Belsky, D.W.; Caspi, A.; Corcoran, D.L.; Sugden, K.; Poulton, R.; Arseneault, L.; Moffitt, T.E. DunedinPACE, a DNA methylation
biomarker of the pace of aging. Elife 2022, 11, e73420. [CrossRef]
Hillary, R.F.; Stevenson, A.J.; McCartney, D.L.; Campbell, A.; Walker, R.M.; Howard, D.M.; Ritchie, C.W.; Horvath, S.; Hayward,
C.; McIntosh, A.M.; et al. Epigenetic measures of ageing predict the prevalence and incidence of leading causes of death and
disease burden. Clin. Epigenet. 2020, 12, 115. [CrossRef]
Sugden, K.; Caspi, A.; Elliott, M.L.; Bourassa, K.J.; Chamarti, K.; Corcoran, D.L.; Hariri, A.R.; Houts, R.M.; Kothari, M.; Kritchevsky,
S.; et al. Association of Pace of Aging measured by blood-based DNA methylation with age-related cognitive impairment and
dementia. Neurology 2022, 99, e1402–e1413. [CrossRef]
Correll, C.U.; Frederickson, A.M.; Kane, J.M.; Manu, P. Metabolic syndrome and the risk of coronary heart disease in 367 patients
treated with second-generation antipsychotic drugs. J. Clin. Psychiatry 2006, 67, 575–583. [CrossRef]
Danese, A.; McEwen, B.S. Adverse childhood experiences, allostasis, allostatic load, and age-related disease. Physiol. Behav. 2012,
106, 29–39. [CrossRef] [PubMed]
Piquero, A.R.; Daigle, L.E.; Gibson, C.; Piquero, N.L.; Tibbetts, S.G. Research Note: Are Life-Course-Persistent Offenders At Risk
for Adverse Health Outcomes? J. Res. Crime Delinq. 2007, 44, 185–207. [CrossRef]
Raffington, L.; Belsky, D.W.; Kothari, M.; Malanchini, M.; Tucker-Drob, E.M.; Harden, K.P. Socioeconomic Disadvantage and the
Pace of Biological Aging in Children. Available online: https://pubmed.ncbi.nlm.nih.gov/34001641/ (accessed on 1 June 2021).
Richmond-Rakerd, L.S.; Caspi, A.; Ambler, A.; d’Arbeloff, T.; de Bruine, M.; Elliott, M.; Moffitt, T.E. Childhood self-control
forecasts the pace of midlife aging and preparedness for old age. Proc. Natl. Acad. Sci. USA 2021, 118, e2010211118. [CrossRef]
[PubMed]
Rasmussen, L.J.H.; Moffitt, T.E.; Eugen-Olsen, J.; Belsky, D.W.; Danese, A.; Harrington, H.; Caspi, A. Cumulative childhood risk is
associated with a new measure of chronic inflammation in adulthood. J. Child Psychol. Psychiatry 2019, 60, 199–208. [CrossRef]
[PubMed]
Rasmussen, L.J.H.; Moffitt, T.E.; Arseneault, L.; Danese, A.; Eugen-Olsen, J.; Fisher, H.L.; Caspi, A. Association of adverse
experiences and exposure to violence in childhood and adolescence with inflammatory burden in young people. JAMA Pediatr.
2020, 174, 38–47. [CrossRef] [PubMed]
Steptoe, A.; Zaninotto, P. Lower socioeconomic status and the acceleration of aging: An outcome-wide analysis. Proc. Natl. Acad.
Sci. USA 2020, 117, 14911–14917. [CrossRef]
Poulton, R.; Moffitt, T.E.; Silva, P.A. The Dunedin Multidisciplinary Health and Development Study: Overview of the first 40
years, with an eye to the future. Soc. Psychiatry Psychiatr. Epidemiol. 2015, 50, 679–693. [CrossRef]
Cameron, S.; Dillon, H. Development of the Listening in Spatialized Noise-Sentences Test (LISN-S). Ear Hear. 2007, 28, 196–211.
[CrossRef]
Vereeck, L.; Wuyts, F.; Truijen, S.; Van de Heyning, P. Clinical assessment of balance: Normative data, and gender and age effects.
Int. J. Audiol. 2008, 47, 67–75. [CrossRef]
Rasmussen, L.J.H.; Caspi, A.; Ambler, A.; Broadbent, J.M.; Cohen, H.J.; d’Arbeloff, T.; Moffitt, T.E. Association of neurocognitive
and physical function with gait speed in midlife. JAMA Netw. Open 2019, 2, e1913123. [CrossRef]
Wechsler, D. Wechsler Adult Intelligence Scale: WAIS-IV: Technical and Interpretive Manual; Pearson: New York, NY, USA, 2008.
Belsky, D.W.; Caspi, A.; Cohen, H.J.; Kraus, W.E.; Ramrakha, S.; Poulton, R.; Moffitt, T.E. Impact of early personal-history
characteristics on the Pace of Aging: Implications for clinical trials of therapies to slow aging and extend healthspan. Aging Cell
2017, 16, 644–651. [CrossRef] [PubMed]
Welch, D.; Dawes, P.J.D. Variation in the normal hearing threshold predicts childhood IQ, linguistic, and behavioral outcomes.
Pediatr. Res. 2007, 61, 737–744. [CrossRef] [PubMed]
Arnheim, D.D.; Sinclair, W.A. The Clumsy Child; VC Mosby Co.: Maryland Heights, MI, USA, 1974.
Bayley, N. The Bayley Scale of Infant Development; Psychological Corporation: San Antonio, TX, USA, 1969.
Wechsler, D. Manual for the Wechsler Intelligence Scale for Children–Revised; Psychological Corporation: New York, NY, USA, 1974.
Elley, W.B.; Irving, J.C. Revised socioeconomic index for New-Zealand. N. Z. J. Educ. Stud. 1976, 11, 25–36.
Poulton, R.; Caspi, A.; Milne, B.J.; Thomson, W.M.; Taylor, A.; Sears, M.R.; Moffitt, T.E. Association between children’s experience
of socioeconomic disadvantage and adult health: A life-course study. Lancet 2002, 360, 1640–1645. [CrossRef]
Caspi, A.; McClay, J.; Moffitt, T.E.; Mill, J.; Martin, J.; Craig, I.W.; Taylor, A.; Poulton, R. Role of genotype in the cycle of violence
in maltreated children. Science 2002, 297, 851–854. [CrossRef]
Caspi, A.; Henry, B.; McGee, R.O.; Moffitt, T.E.; Silva, P.A. Temperamental origins of child and adolescent behavior problems:
From age three to age fifteen. Child Dev. 1995, 66, 55–68. [CrossRef]
Moffitt, T.E.; Arseneault, L.; Belsky, D.; Dickson, N.; Hancox, R.J.; Harrington, H.; Caspi, A. A gradient of childhood self-control
predicts health, wealth, and public safety. Proc. Natl. Acad. Sci. USA 2011, 108, 2693–2698. [CrossRef]
Muthén, L.; Muthén, B.O. Mplus User’s Guide, 7th ed.; Muthén & Muthén: Los Angeles, CA, USA, 2015.
Skinner, G.C.; Farrington, D.P.; Shepherd, J.P. Offender trajectories, health and hospital admissions: Relationships and risk factors
in the longitudinal Cambridge Study in Delinquent Development. J. R. Soc. Med. 2020, 113, 110–118. [CrossRef]

Int. J. Environ. Res. Public Health 2022, 19, 14402

47.
48.
49.
50.
51.

52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

67.

68.
69.

70.

71.
72.
73.

18 of 19

Testa, A.; Semenza, D. Criminal offending and health over the life-course: A dual-trajectory approach. J. Crim. Justice 2020, 68,
101691. [CrossRef]
Binswanger, I.A.; Stern, M.F.; Deyo, R.A.; Heagerty, P.J.; Cheadle, A.; Elmore, J.G.; Koepsell, T.D. Release from prison—A high
risk of death for former inmates. N. Engl. J. Med. 2007, 356, 157–165. [CrossRef]
Schnittker, J.; John, A. Enduring stigma: The long-term effects of incarceration on health. J. Health Soc. Behav. 2007, 48, 115–130.
[CrossRef] [PubMed]
Lei, M.K.; Berg, M.T.; Simons, R.L.; Beach, S.R. Neighborhood structural disadvantage and biological aging in a sample of Black
middle age and young adults. Soc. Sci. Med. 2022, 293, 114654. [CrossRef] [PubMed]
Simons, R.L.; Ong, M.L.; Lei, M.K.; Klopack, E.; Berg, M.; Zhang, Y.; Beach, S.S. Unstable childhood, adult adversity, and smoking
accelerate biological aging among middle-age African Americans: Similar findings for GrimAge and PoAm. J. Aging Health 2021,
34, 487–498. [CrossRef] [PubMed]
Sumner, J.A.; Colich, N.L.; Uddin, M.; Armstrong, D.; McLaughlin, K.A. Early experiences of threat, but not deprivation, are
associated with accelerated biological aging in children and adolescents. Biol. Psychiatry 2019, 85, 268–278. [CrossRef]
Beckley, A.L.; Caspi, A.; Arseneault, L.; Barnes, J.C.; Fisher, H.L.; Harrington, H.; Houts, R.; Morgan, N.; Odgers, C.L.; Wertz,
J.; et al. The Developmental Nature of the Victim-Offender Overlap. J. Dev. Life Course Criminol. 2018, 4, 24–49. [CrossRef]
Bourassa, K.J.; Caspi, A.; Harrington, H.; Houts, R.; Poulton, R.; Ramrakha, S.; Moffitt, T.E. Intimate partner violence and lower
relationship quality are associated with faster biological aging. Psychol. Aging 2020, 35, 1127–1139. [CrossRef]
Bourassa, K.J.; Moffitt, T.E.; Ambler, A.; Hariri, A.R.; Harrington, H.; Houts, R.M.; Caspi, A. Association of Treatable Health
Conditions During Adolescence With Accelerated Aging at Midlife. JAMA Pediatr. 2022, 176, 392–399. [CrossRef]
Simons, R.L.; Lei, M.K.; Beach, S.R.; Simons, L.G.; Barr, A.B.; Gibbons, F.X.; Philibert, R.A. Testing life course models whereby
juvenile and adult adversity combine to influence speed of biological aging. J. Health Soc. Behav. 2019, 60, 291–308. [CrossRef]
Skinner, G.C.; Farrington, D.P. Health of convicted persons in the third generation of the Longitudinal Cambridge Study in
Delinquent Development. Int. J. Offender Ther. Comp. Criminol. 2021, 0306624X211066837. [CrossRef]
Kim, Y.; Huan, T.; Joehanes, R.; McKeown, N.M.; Horvath, S.; Levy, D.; Ma, J. Higher diet quality relates to decelerated epigenetic
aging. Am. J. Clin. Nutr. 2022, 115, 163–170. [CrossRef]
Waziry, R.; Corcoran, D.L.; Huffman, K.M.; Kobor, M.S.; Kothari, M.; Kraus, V.B.; Belsky, D.W. Effect of long-term caloric restriction
on DNA methylation measures of biological aging in healthy adults: CALERIE™ trial analysis. MedRxiv 2021. [CrossRef]
Song, Z.; Baicker, K. Effect of a workplace wellness program on employee health and economic outcomes: A randomized clinical
trial. JAMA 2019, 321, 1491–1501. [CrossRef] [PubMed]
Clouse, M.L.; Mannino, D.; Curd, P.R. Investigation of the correlates and effectiveness of a prison-based wellness program. J.
Correct. Health Care 2012, 18, 184–197. [CrossRef]
Farrell, G.; Laycock, G.; Tilley, N. Debuts and legacies: The crime drop and the role of adolescence-limited and persistent
offending. Crime Sci. 2015, 4, 16. [CrossRef]
Ruch, D.A.; Steelesmith, D.L.; Brock, G.; Boch, S.J.; Quinn, C.R.; Bridge, J.A.; Fontanella, C.A. Mortality and cause of death among
youths previously incarcerated in the juvenile legal system. JAMA Netw. Open 2021, 4, e2140352. [CrossRef]
Studenski, S.; Perera, S.; Patel, K.; Rosano, C.; Faulkner, K.; Inzitari, M.; Guralnik, J. Gait speed and survival in older adults. JAMA
2011, 305, 50–58. [CrossRef]
Belsky, D.W.; Caspi, A.; Israel, S.; Blumenthal, J.A.; Poulton, R.; Moffitt, T.E. Cardiorespiratory fitness and cognitive function in
midlife: Neuroprotection or neuroselection? Ann. Neurol. 2015, 77, 607–617. [CrossRef]
Belsky, D.W.; Moffitt, T.E.; Corcoran, D.L.; Domingue, B.; Harrington, H.; Hogan, S.; Houts, R.; Ramrakha, S.; Sugden, K.;
Williams, B.S.; et al. The genetics of success: How singlenucleotide polymorphisms associated with educational attainment relate
to life-course development. Psychol. Sci. 2016, 27, 957–972. [CrossRef]
Belsky, D.W.; Moffitt, T.E.; Houts, R.; Bennett, G.G.; Biddle, A.K.; Blumenthal, J.A.; Evans, J.P.; Harrington, H.; Sugden, K.;
Williams, B.; et al. Polygenic risk, rapid childhood growth, and the development of obesity: Evidence from a 4-decade longitudinal
study. Arch. Pediatr. Adolesc. Med. 2012, 166, 515–521. [CrossRef]
Williams, S.; Poulton, R. Birth size, growth, and blood pressure between the ages of 7 and 26 years: Failure to support the fetal
origins hypothesis. Am. J. Epidemiol. 2002, 155, 849–852. [CrossRef]
Sears, M.R.; Greene, J.M.; Willan, A.R.; Wiecek, E.M.; Taylor, D.R.; Flannery, E.M.; Cowan, J.O.; Herbison, G.P.; Silva, P.A.;
Poulton, R. A longitudinal, population-based, cohort study of childhood asthma followed to adulthood. N. Engl. J. Med. 2003,
349, 1414–1422. [CrossRef] [PubMed]
Pronk, M.; Lissenberg-Witte, B.I.; van der Aa, H.P.A.; Comijs, H.C.; Smits, C.; Lemke, U.; Zekveld, A.Z.; Kramer, S.E. Longitudinal
relationships between decline in speech-in-noise recognition ability and cognitive functioning: The longitudinal aging study
amsterdam. J. Speech Lang. Hear. Res. 2019, 62, 1167–1187. [CrossRef] [PubMed]
Dubno, J.R.; Dirks, D.D.; Morgan, D.E. Effects of age and mild hearing loss on speech recognition in noise. J. Acoust. Soc. Am.
1984, 76, 87–96. [CrossRef] [PubMed]
Boothroyd, A. Developments in speech audiometry. Br. J. Audiol. 1968, 2, 3–10. [CrossRef]
Nomura, H.; Ando, F.; Niino, N.; Shimokata, H.; Miyake, Y. Age-related change in contrast sensitivity among Japanese adults.
Jpn. J. Ophthalmol. 2003, 47, 299–303. [CrossRef]

Int. J. Environ. Res. Public Health 2022, 19, 14402

74.
75.
76.
77.
78.
79.
80.
81.
82.
83.

84.
85.

19 of 19

Leat, S.J.; Legge, G.E.; Bullimore, M.A. What is low vision? A re-evaluation of definitions. Optom. Vis. Sci. 1999, 76, 198–211.
[CrossRef] [PubMed]
Marron, J.A.; Bailey, I.L. Visual factors and orientation-mobility performance. Optom. Vis. Sci. 1982, 59, 413–426. [CrossRef]
[PubMed]
Wilson, G.A.; Welch, D. Does amblyopia have a functional impact? Findings from the © 2022 Wertz J et al. JAMA Psychiatry.
Dunedin Multidisciplinary Health and Development Study. Clin. Exp. Ophthalmol. 2013, 41, 127–134. [CrossRef]
Bohannon, R.W.; Larkin, P.A.; Cook, A.C.; Gear, J.; Singer, J. Decrease in timed balance test scores with aging. Phys. Ther. 1984,
64, 1067–1070. [CrossRef]
Hurvitz, E.A.; Richardson, J.K.; Werner, R.A.; Ruhl, A.M.; Dixon, M.R. Unipedal stance testing as an indicator of fall risk among
older outpatients. Arch. Phys. Med. Rehabil. 2000, 81, 587–591. [CrossRef]
Springer, B.A.; Marin, R.; Cyhan, T.; Roberts, H.; Gill, N.W. Normative values for the unipedal stance test with eyes open and
closed. J. Geriatr. Phys. Ther. 2007, 30, 8–15. [CrossRef] [PubMed]
Verghese, J.; Holtzer, R.; Lipton, R.B.; Wang, C. Mobility stress test approach to predicting frailty, disability, and mortality in
high-functioning older adults. J. Am. Geriatr. Soc. 2012, 60, 1901–1905. [CrossRef] [PubMed]
McCarthy, D. McCarthy Scales of Children’s Abilities; Psychological Corp: New York, NY, USA, 1972.
Deary, I.J.; Corley, J.; Gow, A.J.; Harris, H.E.; Houlihan, L.M.; Marioni, R.E.; Penke, L.; Rafnsson, S.B.; Starr, J.M. Age-associated
cognitive decline. Br. Med. Bull. 2009, 92, 135–152. [CrossRef]
Marioni, R.E.; Strachan, M.W.J.; Reynolds, R.M.; Lowe, G.D.O.; Mitchell, R.J.; Fowkes, F.G.R.; Frier, B.M.; Lee, A.J.; Butcher, I.;
Rumley, A.; et al. Association between raised inflammatory markers and cognitive decline in elderly people with type 2 diabetes:
The Edinburgh Type 2 Diabetes Study. Diabetes 2010, 59, 710–713. [CrossRef]
Aichele, S.; Rabbitt, P.; Ghisletta, P. Life span decrements in fluid intelligence and processing speed predict mortality risk. Psychol.
Aging 2015, 30, 598–612. [CrossRef]
Sugden, K.; Hannon, E.J.; Arseneault, L.; Belsky, D.W.; Corcoran, D.L.; Fisher, H.L.; Houts, R.M.; Kandaswamy, R.; Moffitt,
T.E.; Poulton, R.; et al. Patterns of Reliability: Assessing the Reproducibility and Integrity of DNA Methylation Measurement.
Available online: https://www.sciencedirect.com/science/article/pii/S2666389920300143#! (accessed on 8 May 2020).

