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IMPORTANCE Individuals with mental disorders are at an elevated risk of developing chronic
age-related physical diseases. However, it is not clear whether psychopathology is also
associated with processes of accelerated aging that precede the onset of age-related disease.

OBJECTIVE To test the hypothesis that a history of psychopathology is associated with
indicators of accelerated aging at midlife.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study was based on the
Dunedin Multidisciplinary Health and Development Study, a population-representative birth
cohort of 1037 individuals born between April 1, 1972, and March 31, 1973, in Dunedin, New
Zealand. Members were followed up to age 45 years (until April 2019). Data were analyzed
from January 6 to December 7, 2020.

EXPOSURES Mental disorders were assessed in 6 diagnostic assessments from ages 18 to 45
years and transformed through confirmatory factor analysis into continuous measures of
general psychopathology (p-factor) and dimensions of internalizing, externalizing, and
thought disorders (all standardized to a mean [SD] of 100 [15]).

MAIN OUTCOMES AND MEASURES Signs of aging (biological pace of aging; declines in sensory,
motor, and cognitive functioning; and facial age) were assessed up to age 45 years using
previously validated measures including biomarkers, clinical tests, and self-reports.

RESULTS Of the original 1037 cohort participants, 997 were still alive at age 45 years, of whom
938 (94%) were assessed (474 men [50.5%]). Participants who had experienced more
psychopathology exhibited a faster pace of biological aging (β, 0.27; 95% CI, 0.21-0.33;
P < .01); experienced more difficulties with hearing (β, 0.18; 95% CI, 0.12-0.24; P < .01), vision
(β, 0.08; 95% CI, 0.01-0.14; P < .05), balance (β, 0.20; 95% CI, 0.14-0.26; P < .01), and motor
functioning (β, 0.19; 95% CI, 0.12-0.25; P < .01); experienced more cognitive difficulties (β,
0.24; 95% CI, 0.18-0.31; P < .01); and were rated as looking older (β, 0.20; 95% CI, 0.14-0.26;
P < .01). Associations persisted after controlling for sex, childhood health indicators,
maltreatment, and socioeconomic status and after taking into account being overweight,
smoking, use of antipsychotic medication, and the presence of physical disease. Tests of
diagnostic specificity revealed that associations were generalizable across externalizing,
internalizing, and thought disorders.

CONCLUSIONS AND RELEVANCE In this cohort study, a history of psychopathology was
associated with accelerated aging at midlife, years before the typical onset of age-related
diseases. This link is not specific to any particular disorder family but generalizes across
disorders. Prevention of psychopathology and monitoring of individuals with mental
disorders for signs of accelerated aging may have the potential to reduce health inequalities
and extend healthy lives.
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I ndividuals with mental disorders have a reduced life ex-
pectancy by approximately 10 to 20 years.1-3 Earlier mor-
tality is only partly explained by unnatural causes of death,

such as suicide.1 The bulk of the mortality gap is attributable
to deaths from physical disease, including chronic age-
related diseases such as cardiovascular disease, diabetes, and
cancer.1,2 A major driver of these diseases is the process of ag-
ing itself.4 Mental disorders tend to onset and peak in the first
3 decades of life, whereas physical diseases onset and peak de-
cades later, suggesting that processes of biological aging in the
interim connect them.5 Here, we present an initial test of the
hypothesis that psychopathology is associated with faster ag-
ing, that is, with accelerated physiological decline toward age-
related disease and mortality. We tested this hypothesis in a
population-representative cohort of New Zealanders who have
been followed up from birth to midlife.6

The hypothesis that psychopathology is associated with ac-
celerated aging is based on research that documents a connec-
tion between mental disorders and age-related medical condi-
tions.Cross-sectionalstudieshavereportedcomorbiditybetween
mental disorders and physical diseases.7 Studies analyzing ret-
rospective self-reports suggest that mental disorders precede
physical diseases.8 Studies using administrative registry data
document that official diagnoses of mental disorders predict di-
agnoses of physical diseases.9 Whereas past research has tended
to focus on links between specific mental disorders and specific
physical diseases (eg, schizophrenia and diabetes or depression
andcoronaryheartdisease),10,11 recentfindingssuggestthatmen-
tal disorders are associated with multiple age-related diseases.9,12

This finding of nonspecific risk is consistent with geroscience
theory positing that all age-related diseases share a common
cause, which is aging itself.4 Mental disorders are associated with
avarietyoflate-lifephysicaldiseases,whichsuggeststhehypoth-
esis that mental disorders are a precursor of accelerated aging.5

Although it might seem early to assess aging at midlife, recent
work has shown that accelerated aging can already be quantified
at this stage of life and that it forecasts earlier onset of future age-
related physical diseases.13,14

The methodologic desiderata for testing the aging hypoth-
esis are as follows: a longitudinal design, prospective assess-
ments of multiple mental disorders, a population-based sample,
and a new focus on measuring indicators of aging per se rather
than physical disease. The present study combines these fea-
tures to test associations between mental disorders and aging.
To capture psychopathology, we measured symptoms of mul-
tiple externalizing, internalizing, and thought disorders using
information from repeated diagnostic assessments between the
ages of 18 to 45 years. To capture signs of aging, we evaluated
the coordinated, progressive loss of integrity across cardiovas-
cular, metabolic, pulmonary, kidney, immune, and dental sys-
tems using a biomarker composite of pace of aging that has pre-
viously been developed and validated.15 This measure captures
correlated gradual decline across organ systems and reflects dif-
ferences among individuals in their rate of biological aging by
midlife. In addition to the pace of aging, we also measured sen-
sory, motor, and cognitive functioning at midlife using assess-
ments that are typically used in gerontology. Each aging
outcome was assessed with a laboratory test or clinical assess-

ment as well as a paired self-report. We used both laboratory
tests and self-reports because these measures complement each
other: laboratory tests capture objective levels of functioning
that can be compared to normative levels, whereas self-
reports capture participants’ own perception of functioning and
impairment in everyday life. We also measured observer rat-
ings of participants’ facial age.

Individuals who experience psychopathology and acceler-
ated aging might have been in worse health already as chil-
dren. To our knowledge, no prior studies have addressed this
potential confound. Longitudinal data are needed to establish
an early-life health baseline against which to compare associa-
tions between psychopathology and aging. There is also a need
to rule out confounding by adverse early exposures, such as mal-
treatment or poverty.16 We used prospective measures of child-
hood health, maltreatment, and family socioeconomic status
to account for these factors. In addition, we tested whether as-
sociations were limited to overweight individuals, smokers,
those on antipsychotic medication whose side effects may mimic
signs of accelerated aging,17 and individuals who had already
been diagnosed with an age-related disease.

Methods
Sample
Participants were members of the Dunedin Multidisciplinary
Health and Development Study (Dunedin Study). The full co-
hort comprises all individuals born between April 1, 1972, and
March 31, 1973, in Dunedin, New Zealand, who were eligible
based on residence in the province and who participated in the
first assessment at age 3 years.18 The cohort represents the full
range of socioeconomic status in the general population of New
Zealand’s South Island. On adult health, the cohort matches
the New Zealand National Health and Nutrition Survey on key
health indicators (eg, body mass index [BMI], smoking, and
visits to a physician).18 The cohort consists of primarily White
participants (93%), matching South Island demographics. As-
sessments were carried out at birth and ages 3, 5, 7, 9, 11, 13,

Key Points
Question Is psychopathology associated with accelerated aging
at midlife?

Findings In this population-representative birth cohort study of
1037 individuals followed up to age 45 years, a history of
psychopathology was associated with a faster pace of biological
aging; declines in sensory, motor, and cognitive functioning; and
being rated as looking older. Associations persisted after
controlling for sex, childhood health, maltreatment, and
socioeconomic status and after taking into account being
overweight, smoking, using antipsychotic medication, and having
a physical disease; associations generalized across externalizing,
internalizing, and thought disorders.

Meaning Results suggest that the prevention of psychopathology
and monitoring of individuals with mental disorders for signs of
accelerated aging may have the potential to reduce health
inequalities and extend healthy lives.
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15, 18, 21, 26, 32, 38, and, most recently, 45 years, when 938
of the 997 living cohort members (94%) took part (completed
April 2019). Written informed consent was obtained from all
participants at each assessment. Study protocols were ap-
proved by the institutional ethical review boards of the par-
ticipating universities. The present study, based on the popu-
lation-representative Dunedin birth cohort, was conducted
from January 6 to December 7, 2020. This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Assessment of Mental Disorders
The Dunedin Study longitudinally ascertains mental disor-
ders every few years, interviewing members about past-year
symptoms (eAppendix 1 in the Supplement). Private struc-
tured interviews were conducted by health professionals
blinded to participants’ prior data using the Diagnostic Inter-
view Schedule19 at ages 18, 21, 26, 32, 38, and 45 years. We stud-
ied DSM–defined symptoms of 14 disorders: externalizing dis-
orders (attention-deficit/hyperactivity disorder, conduct
disorder, alcohol dependence, tobacco dependence, canna-
bis dependence, and other drug dependence), internalizing dis-
orders (generalized anxiety disorder, depression, fears [in-
cluding social phobia, simple phobia, agoraphobia, and panic
disorder], eating disorders [including bulimia and anorexia],
and posttraumatic stress disorder), and thought disorders (ob-
sessive-compulsive disorder, mania, and schizophrenia) (eFig-
ure 1 in the Supplement). Ordinal measures represented the
number of possible DSM–defined symptoms associated with
each disorder. Past-year prevalence rates of mental disorders
in the Dunedin Study cohort are similar to prevalence rates in
nationwide surveys of the US and New Zealand.20

The method used to evaluate the structure of psychopa-
thology in the Dunedin Study cohort has been described
previously6,21 (eAppendix 2 in the Supplement). Briefly, con-
firmatory factor analysis at the symptom level was used to test
2 standard models21: (1) a correlated-factors model and (2) a hi-
erarchical or bifactor model. Using a correlated-factors model
(eFigure 2 in the Supplement), 3 factors were tested, represent-
ing externalizing (with loadings from attention-deficit/
hyperactivity disorder, conduct disorder, and alcohol, canna-
bis, tobacco, and other drug dependence), internalizing (with
loadings from depression, generalized anxiety disorder, fears/
phobias, posttraumatic stress disorder, and eating disorders),
and thought disorders (with loadings from obsessive-
compulsive disorder, mania, and schizophrenia). The model fit
the data well (eTable 1 in the Supplement), confirming that 3 cor-
related factors (ie, internalizing, externalizing, and thought dis-
order) explain well the structure of the disorder symptoms. A
hierarchical or bifactor model (eFigure 2 in the Supplement) es-
tablished that symptom measures reflect both general psycho-
pathology and narrower styles of psychopathology. General psy-
chopathology (labeled p-factor) is represented by a factor that
directly influences all of the diagnostic symptom factors. This
model fit the data well (eTable 1 in the Supplement). The
p-factor captures how cohort members differ from each other
in the variety and persistence of many different kinds of symp-
toms from ages 18 to 45 years. Previous work has shown that

Dunedin Study participants with higher p-factor scores expe-
rienced a younger age at onset, greater number of assessment
ages with a disorder, and greater diversity of diagnoses (r = 0.76;
95% CI, 0.74-0.79) (eFigure 3 in the Supplement).6

Measuring Signs of Accelerated Aging in Midlife
We measured participants’ pace of aging, integrity of sensory
and motor systems (hearing, vision, balance, and motor func-
tioning), and cognitive functioning by using previously vali-
dated measures based on assessments typical of gerontology
(Table 1 and eAppendix 3 in the Supplement). Each aging out-
come was measured using a laboratory test (eg, biomarkers;
hearing test) as well as a related self-report (eg, of self-
reported perceived age; hearing difficulties). Laboratory tests
and self-reports were modestly correlated (eTable 2 in the
Supplement), indicating that these measures assess related but
different aspects of functioning. All measures were coded so
that higher scores indicated greater difficulties.

Measuring Childhood Health Indicators, Maltreatment,
and Socioeconomic Status
We matched prospectively collected childhood measures to
each of the midlife outcomes (eg, childhood hearing test was
matched to midlife hearing; childhood motor test to midlife
motor functioning; and childhood cognitive test to midlife cog-
nitive functioning) (Table 1 and eAppendix 3 in the Supple-
ment). Correlations between childhood and midlife mea-
sures ranged from 0.11 (vision) to 0.78 (cognitive function) for
laboratory tests at midlife and from 0.05 (balance) to 0.20 (mo-
tor skills) for self-reports at midlife (eTable 3 in the Supple-
ment). Childhood maltreatment and childhood socioeco-
nomic status were measured as previously described
(eAppendix 4 in the Supplement).16,37

Measuring BMI, Smoking, Antipsychotic Medication Use,
and Medical Disease
Participants’ BMI (calculated as weight in kilograms divided
by height in meters squared) was recorded at the partici-
pants’ assessment at age 45 years. Smoking was coded as
whether participants had reported daily smoking at any as-
sessment up to age 45 years (478 of 926 reporting partici-
pants [51.6%]). Antipsychotic medication use at age 45 years
was assessed in standardized interviews about their medica-
tions, and participants brought medications on the assess-
ment day, which were evaluated by a pharmacist. Antipsy-
chotics were used by 18 of 938 reporting participants (1.9%).
Cancer or heart attack by age 45 years was assessed by stan-
dardized interviews that ascertained whether participants had
been told by a health professional that they had any of sev-
eral diseases. Diabetes was assessed based on participants’
blood levels of glycated hemoglobin.15 In line with clinical di-
agnostic criteria, a cutoff of 48 mmol/mol was used. Cancer,
heart attacks, or diabetes by age 45 years affected 58 of 932
reporting participants (6.2%).

Statistical Analysis
We performed ordinary least squares regression to test whether
a history of psychopathology was associated with signs of
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accelerated aging at midlife. To test whether childhood health
indicators could explain these associations, we controlled for
childhood measures matched to each of the midlife out-
comes. To test whether childhood socioeconomic status or
maltreatment could explain associations, we controlled for
these measures. In sensitivity analyses, BMI and smoking sta-
tus up to age 45 years were added as covariates, and analyses

were repeated after excluding individuals taking antipsy-
chotic medications or those who had cancer, a heart attack, or
diabetes. All analyses were adjusted for participants’ sex. We
present standardized regression coefficients (β) for all
associations. Statistical analyses were performed in Mplus, ver-
sion 7.2 using full information maximum likelihood.38 Statis-
tical analyses were performed from January 6 to December 7,

Table 1. Description of Measures of Aging in Midlife and Matched Measures of Health in Childhood

Outcome Type of measure Descriptiona Ages, y
Pace of aging Laboratory test Participants’ pace of biological aging across ages 26-45 y was measured as changes in 19

biomarkers of cohort members’ cardiovascular, metabolic, pulmonary, kidney, immune, and
dental systems across ages 26, 32, 38, and 45 y. The measure quantifies participants’ rate
of aging in year-equivalent units of physiological decline per chronological year. The average
participant experienced 1 y of physiological decline per year, a mean (SD) pace of aging
of 1 (0.3).13

26-45

Self-report Participants’ self-perceived age at age 45 y was measured using participants’ response to the
question, “Many people feel younger or older than they really are. What age do you feel most of
the time?” The mean (SD) self-perceived age in participants aged 45 y was 40 (8) years.

45

Matched childhood
measure

Participants’ childhood physical health between birth and age 11 was measured using birth
records, medical exams, anthropometry, lung function testing, nurse ratings, and interviews
with parents about health conditions (eg, asthma, childhood diabetes).22

Birth, 3, 5,
7, 9, 11

Hearing Laboratory test Participants’ social hearing (ability to hear in noisy environments) at age 45 y was measured
using the Listening in Spatialised Noise–Sentences Test (LISN-S). The test determines speech
reception thresholds for sentences presented in competing speech under various conditions.
For our primary analyses, we used a measure of low cue speech reception threshold, reflecting
hearing performance when the person is not receiving optimum auditory information.23

45

Self-report Participants’ hearing difficulties at age 45 y were measured using 3 items from the Speech,
Spatial, and Qualities of Hearing Scale (SSQ12) (eg, “Can you follow the conversation in a busy
restaurant?”).24

45

Matched childhood
measure

Participants’ childhood social hearing at age 11 was assessed using a speech-in-noise test. The
test measures children’s ability to correctly identify words under conditions of no noise, 10-, and
5-dB signal-to-noise ratio. To match the childhood measure to the adult hearing measure, we
used children’s performance in the 5-dB signal-to-noise ratio condition, reflecting social hearing
ability in the most difficult auditory environment.25

11

Vision Laboratory test Participants’ contrast sensitivity at age 45 y was measured using a Pelli-Robson chart
administered by trained technicians. The chart presents 3 letters per line and the letters
gradually fade from black to gray to white on a white background to determine the lowest level of
“contrast” that the eye can detect. The resulting measure is a contrast sensitivity score function,
reflecting a person’s best-corrected contrast detection threshold, the lowest contrast at which
a pattern can be seen.

45

Self-report Participants’ vision difficulties at age 45 y were assessed using the 10-item Vision Quality of Life
Core Measure (VCM1) questionnaire (eg, “How often has your eyesight stopped you from doing
the things you wanted to do?”).26

45

Matched childhood
measure

Participants’ childhood vision was assessed at ages 7, 9, and 11 y using the Sheridan Gardiner
single optotype letter matching test at 6 m (at age 7 y) and a 4-m logarithmic test chart (at ages
9 and 11 y).27

7, 9, 11

Balance Laboratory test Participants’ balance at age 45 y was measured using the Unipedal Stance Test, as the maximum
time achieved across 3 trials of the test with eyes closed.28

45

Self-report Participants’ balance difficulties at age 45 y were measured using 4 items (eg, “Do you have
feelings that things are spinning or moving around?”).

45

Matched childhood
measure

Participants’ childhood balance at ages 3, 7, and 9 y was measured using the balance subtests
of the Bayley Motor Scales (age 3 y) and of the Basic Motor Ability Test (ages 7 and 9 y).29,30

3, 7, 9

Motor function Laboratory test Participants’ gait speed (m/s) at age 45 y 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 challenge 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 measure of composite gait speed.13

45

Self-report Participants’ physical function at age 45 y was assessed using the 10-item RAND 36-Item Health
Survey 1.0 physical functioning scale, with reversed scores to reflect limitations.31

45

Matched childhood
measure

Participants’ childhood motor development at ages 3, 5, 7, and 9 y was measured using the
Bayley Motor Scales (age 3 y), McCarthy Motor Scales (age 5 y) and Basic Motor Ability Test
(ages 7 and 9 y).29,30,32

3, 5, 7, 9

Cognitive function Laboratory test Participants’ cognitive ability at age 45 y was measured using the Wechsler Adult Intelligence
Scale–IV (WAIS-IV), individually administered.33

45

Self-report Participants’ cognitive complaints at age 45 y were measured using 23 items mapping onto
DSM-5 symptoms of mild neurocognitive disorder and items from the Cognitive Failures
Questionnaire (CFQ), eg, “I have difficulty finding the word I want to use”; “I repeat myself,
I tell the same story to the same person”; “I forget why I went from one part of the house to the
other.”34,35

45

Matched childhood
measure

Participants’ childhood cognitive ability at ages 7, 9, and 11 y was measured using the Wechsler
Intelligence Scale for Children – Revised (WISC-R), individually administered at each age.
IQ scores for the 3 ages were averaged.36

7, 9, 11

a More information is available in eAppendix 3 in the Supplement.
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2020. Results reported here were checked for reproducibility
by an independent data analyst (R.M.H.), who recreated the
code by working from the manuscript and applying it to a fresh
copy of the data set. All P values were 2-sided, and P < .05 was
considered statistically significant.

Results
Of the original 1037 cohort participants, 997 were still alive at
age 45 years; of these, 938 (94%) participated in the assess-
ment at age 45 years (474 men [50.5%]). Participants seen at
age 45 years did not differ significantly from other living par-
ticipants in terms of childhood socioeconomic status, child-
hood intelligence quotient, childhood physical health, or
p-factor scores (eAppendix 5 in the Supplement).

Associations Between a History of Psychopathology
and Laboratory Tests of Aging at Midlife
Participants with higher scores on a general factor of psycho-
pathology (p-factor) covering symptoms from ages 18 to 45
years were aging faster at midlife, as evident across all signs
of aging (Figure 1A). Analyses of pace of aging showed that par-
ticipants with higher p-factor scores exhibited a faster pace of

biological aging between ages 26 and 45 years (β, 0.27; 95%
CI, 0.21-0.33; P < .01) (Figure 1A). This association amounted
to approximately 5.3 more years of biological aging for par-
ticipants with the highest vs lowest p-factor scores (Figure 2).
Analyses of sensory and motor functioning showed that par-
ticipants with higher p-factor scores experienced lower integ-
rity of sensory and motor systems at age 45 years, including
more difficulties with social hearing (β, 0.18; 95% CI, 0.12-
0.24; P < .01), vision (β, 0.08; 95% CI, 0.01-0.14; P < .05), bal-
ance (β, 0.20; 95% CI, 0.14-0.26; P < .01), and gait speed (β,
0.19; 95% CI, 0.12-0.25; P < .01) (Figure 1A). Analyses of cog-
nitive functioning showed that participants with higher
p-factor scores experienced more cognitive difficulties at age
45 years (β, 0.24; 95% CI, 0.18-0.31; P < .01) (Figure 1A).

Individuals who experienced psychopathology and signs
of accelerated aging by age 45 years might have had a history
of poor childhood health. Indeed, childhood measures matched
to each outcome in adulthood (eg, childhood hearing test to
adult hearing test, childhood motor test to adult motor test,
and childhood cognitive test to adult cognitive test) preceded
both psychopathology and faster aging in adulthood (hear-
ing, β = 0.12 [95% CI, 0.04-0.19] for psychopathology vs 0.14
[95% CI, 0.07-0.22] for self-reported accelerated aging; mo-
tor skills, β = 0.11 [95% CI, 0.04-0.17] for psychopathology vs

Figure 1. Associations Between Participants’ Psychopathology p-Factor Scores and Signs of Aging at Midlife
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Participants’ p-factor scores were measured as a latent factor summarizing the
common variance among all of the multiple psychiatric symptoms ever
experienced by participants between ages 18 and 38 years. A, Effect sizes of
associations between p-factor scores and signs of aging measured using
laboratory tests. Outcome measures are coded so that higher scores indicate a
worse outcome (eg, worse hearing, worse motor skills, and lower intelligence
quotient). Error bars indicate 95% CIs. A childhood measure was matched to

each adult outcome (eg, childhood hearing test to adult hearing test, childhood
motor test to adult motor test, and childhood cognitive test to adult cognitive
test). B, Effect sizes of associations between p-factor scores and signs of aging
measured using self-reports. Outcome measures are coded so that higher
scores indicate a worse outcome (eg, worse hearing, worse motor skills, and
more cognitive difficulties). Error bars indicate 95% CIs. SES indicates
socioeconomic status.
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0.20 [95% CI, 0.13-0.27] for self-reported accelerated aging;
and cognitive function, β = 0.18 [95% CI, 0.12-0.25] for psy-
chopathology vs 0.18 [95% CI, 0.11-0.24] for self-reported ac-
celerated aging) (eTable 3 in the Supplement). However, psy-
chopathology continued to be associated with most outcomes
after controlling for childhood measures, indicating that a his-
tory of psychopathology was associated with greater de-
clines in physiological, sensory, motor, and cognitive func-
tioning when measured against an individual’s baseline of poor
health in childhood (pace of aging, β = 0.21 [95% CI, 0.15-
0.27]; hearing, β = 0.16 [95% CI, 0.09-0.22]; vision, β = 0.05
[95% CI, –0.02 to 0.11]; balance, β = 0.17 [95% CI, 0.11-0.23];
motor, β = 0.14 [95% CI, 0.08-0.20]; and cognitive, β = 0.10
[95% CI, 0.05-0.14]) (Table 2 and Figure 1A). For example, in-
dividuals with higher p-factor scores had significantly slower
gait speed at midlife, even after controlling for preexisting
childhood motor difficulties, and they performed more poorly
on tests of cognition, even after controlling for their preexist-
ing childhood cognitive abilities (ie, they experienced greater
measured child-to-midlife cognitive decline, not just low cog-
nitive functioning present since childhood).

Associations also remained statistically significant after
controlling for childhood maltreatment and childhood socio-
economic status (Figure 1A). Sensitivity analyses further
showed that some associations reduced but were not ex-
plained away when including BMI and smoking in the mod-
els. These associations were reduced by approximately 6% for
BMI (associations reduced by approximately 6% for BMI and
20% for smoking; eTable 4 in the Supplement), and they were
not attributable to use of antipsychotic medication or to al-
ready being diagnosed with an age-related disease (eTable 4
in the Supplement).

Associations Between Adult Mental Disorders
and Self-reports of Aging at Midlife
Findings of associations between p-factor scores and labora-
tory tests of aging were corroborated by participants’ self-
reports (Figure 1B). Participants with higher p-factor scores re-
ported feeling significantly older than same-aged peers with
lower p-factor scores (β, 0.08; 95% CI, 0.01-0.15; P = .02)
(Figure 1B). Participants also reported greater difficulties with
their social hearing (β, 0.21; 95% CI, 0.15-0.27; P < .01), vi-
sion (β, 0.34; 95% CI, 0.28-0.40; P < .01), balance (β, 0.31; 95%
CI, 0.25-0.37; P < .01), and motor functioning (β, 0.36; 95% CI,
0.30-0.42; P < .01) (Figure 1B), as well as greater cognitive im-
pairment, eg, having difficulty finding the words they want to
use and forgetting appointments (β, 0.45; 95% CI, 0.40-0.50;
P < .01) (Figure 1B). Controlling for matched childhood health
measures, maltreatment and socioeconomic status did not
change most findings (Table 2 and Figure 1B), nor were asso-
ciations attributable to being overweight, smoking, use of
antipsychotic medication, or age-related disease (eTable 4 in
the Supplement).

Testing Specificity in the Association Between
Psychopathology and Accelerated Aging
The internalizing, externalizing, and thought disorder fac-
tors from the correlated-factor model were similarly associ-

ated with signs of aging, indicating that links between psy-
chopathology and aging were not specific to 1 particular
disorder family but generalizable across disorders (pace of ag-
ing: externalizing β, 0.21; 95% CI, 0.15-0.27; internalizing β,
0.18; 95% CI, 0.11-0.24; and thought β, 0.21; 95% CI, 0.15-
0.27; hearing: externalizing β, 0.13; 95% CI, 0.06-0.20; inter-
nalizing β, 0.15; 95% CI, 0.08-0.21; and thought β, 0.15; 95%
CI, 0.09-0.22; vision: externalizing β, –0.02; 95% CI, –0.09 to
0.05; internalizing β, 0.04; 95% CI, –0.03 to 0.11; and thought
β, 0.03; 95% CI, –0.03 to 0.10; balance: externalizing β, 0.12;
95% CI, 0.06-0.19; internalizing β, 0.15; 95% CI, 0.08-0.21; and
thought β, 0.16; 95% CI, 0.10-0.22; motor: externalizing β, 0.08;
95% CI, 0.02-0.15; internalizing β, 0.15; 95% CI, 0.09-0.22; and
thought β, 0.14; 95% CI, 0.08-0.21; and cognitive: externaliz-
ing β, 0.13; 95% CI, 0.08-0.17; internalizing β, 0.06; 95% CI,
0.02-0.11; and thought β, 0.10; 95% CI, 0.05-0.14) (Table 2 and
Figure 3, laboratory tests).

Testing Associations With Informant Ratings of Facial Age
To summarize the link between psychopathology history and
accelerated aging, we tested whether participants aged 45 years
with higher p-factor scores were rated as looking older by in-
dependent observers who rated participants’ age based on fa-
cial photographs (eAppendix 3 in the Supplement). The re-
sults confirmed this association (β, 0.20; 95% CI, 0.14-0.26;
P < .01). Associations were similar for each diagnostic family,

Figure 2. Associations Between Dunedin Study Participants’
Psychopathology p-Factor Scores and Pace of Aging
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Participants’ p-factor scores (mean [SD], 100 [15]) were measured as a latent
factor summarizing the common variance among all of the multiple psychiatric
symptoms ever experienced by participants between ages 18 and 45 years.
Participants were placed into 10-point bins based on their p-factor scores for
graphing purposes only. The cutoffs are the midpoint of each category, ie, up to
85, up to 95, up to 105, up to 115, up to 125, and 125 and above. Pace of aging
was measured from changes in 19 biomarkers of participants’ cardiovascular,
metabolic, pulmonary, kidney, immune, and dental systems when participants
were aged 26, 32, 38, and 45 years. Error bars indicate 95% CIs. The regression
line shows the correlation between p-factor and pace of aging (β, 0.27; 95% CI,
0.21-0.33; P < .01), calculated on the full score distribution.
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indicating that links between mental disorders and facial ag-
ing generalize across externalizing (β, 0.22; 95% CI, 0.16-
0.28; P < .01), internalizing (β, 0.16; 95% CI, 0.09-0.22; P < .01),
and thought (β, 0.19; 95% CI, 0.13-0.26; P < .01) disorders.

Discussion
Findings from this longitudinal cohort study suggest that in-
dividuals with younger age at mental disorder onset, a greater
variety of mental disorders, and more persistence of mental
disorders—as captured by higher scores on a general factor of
psychopathology (p-factor)6—showed signs of accelerated ag-
ing already by midlife. Previous research findings suggest that
mental disorders predict age-related physical disease.8,9,12

Here, we extend this research in 4 ways. First, rather than
physical disease, we measured signs of aging itself, including
accelerated biological aging; impairments in sensory, motor,
and cognitive functioning; and facial age. Second, we found
that the p-factor was associated with aging outcomes even
when evaluated against a baseline of poor health in child-
hood, indicating that associations cannot be accounted for by
environmental and/or genetic influences associated with poor
health in early life. Third, we found that associations be-
tween mental disorders and aging were not specific to any 1
disorder family but generalized across externalizing, internal-
izing, and thought disorders. Fourth, sensitivity analyses re-
vealed that associations were not explained by BMI, smok-
ing, use of antipsychotic medication, or presence of age-
related physical diseases. Taken together, our findings appear
to support the hypothesis that psychopathology contributes

to the cumulative, progressive, and gradual deterioration across
organ systems that underlies biological aging.

Both self-report and laboratory test measures of aging were
associated with psychopathology, although associations tended
to be larger for self-reports. One possible explanation is that
people with mental disorders provide a biased, pessimistic as-
sessment of their health. Another possibility is that self-
reports and laboratory tests capture different aspects of func-
tioning (eg, the self-report vision measure is broader than the
laboratory test, which captures only contrast sensitivity). Pre-
vious research suggests that self-reports and laboratory test
measures independently predict later morbidity and
mortality.39 Our findings indicate that both self-reports and
laboratory test measures are associated with a history of men-
tal disorders, suggesting that mental disorders may be an es-
pecially potent prevention and treatment target.

Our findings have implications for mental health research.
The most prominent issue concerns mechanisms linking psycho-
pathologytoaging.Here,wearticulatearesearchagendaandsug-
gest research directions and testable hypotheses. First, associa-
tions between psychopathology and aging could arise because
of poor health behaviors, such as smoking, lack of exercise, and
poor diet.40 Indeed, many of the signs of aging measured in our
study are influenced by health behaviors. Consistent with this
possibility, associations were reduced when controlling for BMI
and smoking, although they were not explained away. Second,
individuals with mental disorders have reduced access to high-
quality health care,41 which may contribute to associations with
accelerated aging. Third, individuals with mental disorders are
lesslikelytoobtaineducationalqualificationsandemployment,42

increasing risk for poverty—a contributor to accelerated aging.

Table 2. Associations Between Participants’ p-Factor; Externalizing, Internalizing, and Thought Disorder Scores; and Signs of Aging at Midlife,
Controlling for Sex, Childhood Health Indicators, Childhood Maltreatment, and Childhood Socioeconomic Statusa,b

Sign of aging

β (95% CI)c

No.dp-Factor score Externalizing disorder score Internalizing disorder score Thought disorder score
Laboratory test

Pace of aging 0.21 (0.15 to 0.27) 0.21 (0.15 to 0.27) 0.18 (0.11 to 0.24) 0.21 (0.15 to 0.27) 932

Hearing difficulties 0.16 (0.09 to 0.22) 0.13 (0.06 to 0.20) 0.15 (0.08 to 0.21) 0.15 (0.09 to 0.22) 902

Vision difficulties 0.05 (–0.02 to 0.11) –0.02 (–0.09 to 0.05) 0.04 (–0.03 to 0.11) 0.03 (–0.03 to 0.10) 904

Balance difficulties 0.17 (0.11 to 0.23) 0.12 (0.06 to 0.19) 0.15 (0.08 to 0.21) 0.16 (0.10 to 0.22) 911

Motor difficulties 0.14 (0.08 to 0.20) 0.08 (0.02 to 0.15) 0.15 (0.09 to 0.22) 0.14 (0.08 to 0.21) 904

Cognitive difficulties 0.10 (0.05 to 0.14) 0.13 (0.08 to 0.17) 0.06 (0.02 to 0.11) 0.10 (0.05 to 0.14) 918

Self-report

Pace of aging 0.07 (0.00 to 0.14) 0.00 (–0.07 to 0.06) 0.07 (0.00 to 0.14) 0.06 (0.00 to 0.13) 893

Hearing difficulties 0.20 (0.14 to 0.26) 0.09 (0.03 to 0.16) 0.18 (0.11 to 0.23) 0.18 (0.11 to 0.24) 924

Vision difficulties 0.34 (0.28 to 0.39) 0.18 (0.11 to 0.24) 0.32 (0.26 to 0.38) 0.32 (0.26 to 0.38) 925

Balance difficulties 0.32 (0.26 to 0.38) 0.17 (0.11 to 0.24) 0.28 (0.22 to 0.34) 0.30 (0.24 to 0.35) 924

Motor difficulties 0.34 (0.28 to 0.40) 0.20 (0.13 to 0.26) 0.30 (0.24 to 0.37) 0.31 (0.25 to 0.37) 923

Cognitive difficulties 0.44 (0.38 to 0.49) 0.25 (0.18 to 0.31) 0.36 (0.30 to 0.42) 0.38 (0.33 to 0.44) 917
a Participants’ p-factor scores were measured as a latent factor summarizing the

common variance among all of the multiple psychiatric symptoms ever
experienced by participants between ages 18 and 45 years. Internalizing,
externalizing, and thought disorder factor scores were measured as correlated
latent factors summarizing common variance among internalizing,
externalizing, and thought disorder symptoms ever experienced by
participants between ages 18 and 45 years.

b All associations are adjusted for participants’ sex, a childhood measure
matched to each adult outcome (eg, childhood hearing test to adult hearing

test, childhood motor test to adult motor test, and childhood cognitive test to
adult cognitive test), childhood maltreatment, and childhood socioeconomic
status.

c β Indicates standardized estimate.
d A total of 938 participants were assessed at age 45 years (94% of the living

Dunedin Study participants). The No. column reflects participants who have
both psychopathology data and age-45-years outcome data.
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Fourth,psychopathologyisassociatedwithstressfulexperiences,
such as adverse childhood experiences and victimization in
adulthood.43 In addition, experiencing mental disorder symp-
toms, such as anxiety, worry, paranoia, or shame, is itself stress-
ful and often erodes one’s support network.44 Stress also in-
creases the circulation of inflammatory and stress hormone bio-
markers, which may connect psychopathology45 and age-related
diseases.46 Fifth, genetic vulnerabilities might simultaneously
increase an individual’s risk for psychopathology and faster ag-
ing, such as through shared genetic effects on mental disorders
and risk factors for aging (eg, glucose dysregulation).46

Our findings have implications for health prevention and
intervention. First, if the association between mental disor-
ders and aging turns out to be causal, prevention of psycho-
pathology has the potential to slow aging and delay age-
related disease because mental disorders begin and reach their
peak years earlier than physical diseases. This association pre-
sents an opportunity for psychiatry to reduce the burden of age-
related disease and early mortality, which would benefit in-
dividuals with mental disorders as well as public health
systems.5,47 Second, interventions could target possible in-
termediaries of associations between psychopathology and ag-
ing, ranging from reducing health-risk behaviors to fighting
inflammation.45 Third, even if associations between psycho-
pathology and aging are not causal, individuals with mental
disorders are a high-priority group to monitor for signs of ac-
celerated aging—such as hearing impairment, motor prob-
lems, and cognitive decline—that become apparent earlier in
this group than in the general population. Such monitoring will
require greater integration of mental and physical health ser-
vices to reduce health inequalities and lengthen healthy lives.

Limitations
Our study has limitations. First, measures of childhood health
could not always be perfectly matched to adult outcomes (eg,
we did not have a childhood test of gait speed to parallel the
adult test, so we relied on results from comprehensive tests
of children’s motor functioning). Second, participants have only
been followed to age 45 years, so whether those with signs of
accelerated aging will die younger is not yet known. How-
ever, other research has established that our outcome mea-
sures are associated with morbidity and mortality in older
adults.14,48 Third, our measure of pace of aging was derived
from 19 biomarkers repeatedly assessed over 20 years, which
will be infeasible for most studies. However, we recently re-
ported that a proxy measure can be quantified from methyla-
tion data extracted from a single cross-sectional blood draw,14

making it possible for studies lacking 4 waves of biomarkers
to measure the pace of aging. Fourth, our observational de-
sign cannot rule out all possible confounders of associations
between psychopathology and accelerated aging.

Conclusions
The findings of this cohort study suggest that a history of
psychopathology was associated with accelerated aging at
midlife, years before the typical onset of age-related

diseases. Furthermore, study results suggest that preven-
tion of psychopathology and monitoring of individuals with
mental disorders for signs of accelerated aging may have the
potential to reduce health inequalities and extend healthy
lives.

Figure 3. Associations Between Psychopathology and Signs
of Accelerated Aging Separately for Externalizing, Internalizing,
and Thought Disorder Families
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All associations are adjusted for participants’ sex, a childhood measure matched
to each adult outcome (eg, childhood hearing test to adult hearing test, childhood
motor test to adult motor test, and childhood cognitive test to adult cognitive
test), childhood maltreatment, and childhood socioeconomic status. For
associations between psychopathology and hearing difficulties, estimates
overlapped between laboratory test and self-report. Error bars indicate 95% CIs.
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