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Bullying victimization in childhood predicts
inﬂammation and obesity at mid-life: a ﬁve-decade
birth cohort study
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Background. We aimed to test whether childhood bullying victimization increases risk for age-related disease at mid-life
using biological markers including inﬂammation and adiposity, independent of other childhood risk factors and key
adult variables.
Method. The present study was a 50-year prospective longitudinal birth cohort study of all births in Britain in 1 week in
1958. Exposure to bullying was assessed prospectively when participants were aged 7 and 11 years (27.7% occasionally
bullied; 14.6% frequently bullied). Blood inﬂammation biomarkers [C-reactive protein (CRP) and ﬁbrinogen] and adiposity [body mass index (BMI) and waist:hip ratio] were measured at age 45 years.
Results. Participants who had been frequently bullied in childhood showed increased levels of CRP at mid-life [β = 0.07,
95% conﬁdence interval (CI) 0.04–0.10] and higher risk for clinically relevant inﬂammation cut-off [CRP > 3 mg/l: 20.4% v.
15.9%, odds ratio (OR) = 1.35, 95% CI 1.12–1.64]. Women who were bullied in childhood had higher BMI than non-bullied participants and were at increased risk of being obese (BMI ≥ 30 kg/m2: occasionally bullied: 26.0% v. 19.4%, OR =
1.45, 95% CI 1.18–1.77; frequently bullied: 26.2% v. 19.4%, OR = 1.41, 95% CI 1.09–1.83). Findings remained signiﬁcant
when controlling for childhood risk factors (e.g. parental social class; participants’ BMI and psychopathology in childhood) and key adult variables (e.g. adult social class, smoking, diet and exercise).
Conclusions. Bullied children show increases in risk factors for age-related disease in middle adulthood, independent of
co-occurring childhood and adult risks. Given the high prevalence of bullying victimization in childhood, tackling this
form of psychosocial stress early in life has the potential of reducing risk for age-related disease and its associated
burden.
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Introduction
As predicted life expectancy continues to rise
(Christensen et al. 2009), age-related illnesses such as
cardiovascular disease and type 2 diabetes are of increasing public health concern (Murray et al. 2012).
Efforts aimed at reducing the burden of ill health in
later years are focusing earlier in development because
the
pathophysiological
processes
underlying
age-related disease appear to start much earlier in life
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(Berenson et al. 1998). Animal models show that early
stressful experiences inﬂuence the ontogenesis of the
immune and metabolic systems that promote ill health
(Cole et al. 2012; Conti et al. 2012). Epidemiological surveys show that psychosocial stress in childhood plays a
part in humans (Shonkoff et al. 2009; Brent &
Silverstein, 2013); evidence indicates that maltreated
children grow up to have higher levels of circulating
inﬂammation proteins (Danese et al. 2007; Matthews
et al. 2014) and higher risk of obesity (Danese & Tan,
2014) than their non-maltreated peers. Identifying
childhood risks for age-related disease is especially important because readily available interventions focusing on risk factors in adulthood (e.g. smoking,
inactivity and poor diet) have limited long-term
efﬁcacy (Braunwald, 1997; Ebrahim et al. 2006).
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Targeting potentially malleable risk factors early in life
may provide alternative strategies to limit the burden
of disease in an ageing population.
We explored these issues in relation to bullying victimization, a stressor that is common in childhood
(Nansel et al. 2001) and is increasingly considered a
form of maltreatment alongside abuse and neglect by
adults (Gilbert et al. 2009). Bullying victimization
occurs between people in the same age groups (e.g.,
children, adolescents, adults), where an imbalance of
power makes it difﬁcult for victims to defend themselves (Olweus, 1993). Victimization by bullies is associated with an increased risk of mental health disorders
in childhood and adolescence (Arseneault et al. 2010);
young victims of bullying show higher levels of anxiety and depression (Salmon et al. 1998; Bond et al.
2001; Arseneault et al. 2010) and also severe problems
such as self-harm (Fisher et al. 2012), psychotic symptoms (Schreier et al. 2009; Arseneault et al. 2011) and
suicidality (van Geel et al. 2014). Using the sample
reported on here, we have shown that these risks persist to mid-life, and that they extend beyond mental
health to affect physical and cognitive health and
socio-economic outcomes (Takizawa et al. 2014).
Bullying victimization has also been found to be associated with low-grade systemic inﬂammation in young
adults in a US epidemiological sample (Copeland et al.
2014) and obesity (Midei & Matthews, 2011; Qualter
et al. 2015). At this stage, however, it is not known
whether exposure to bullying is associated with other
markers of age-related disease and whether any such
effect persists to mid-life, when markers are commonly
used to predict disease. An answer to this question
would improve understanding of the mechanisms
involved in the ageing process and would further our
knowledge on the outcomes associated with childhood
bullying victimization.
We aimed to extend previous ﬁndings by testing
whether childhood bullying victimization, assessed
prospectively in a 50-year British birth cohort study,
exerts effects on biological risks for age-related disease
at mid-life. Following other research (Whitlock et al.
2009; Wormser et al. 2011; Kaptoge et al. 2012; Singh
et al. 2013), we focused on indicators of inﬂammatory
processes [e.g. C-reactive protein (CRP) and ﬁbrinogen] and adiposity [body mass index (BMI) and
waist:hip ratio] as our main indicators of such risks.
We controlled for potential confounders of bullying
victimization in childhood and known correlates of
the selected outcomes in adult life. We hypothesized
that cohort members who had been the victims of
bullying in childhood would have higher levels of
inﬂammatory markers and adiposity at mid-life, compared with participants who were not bullied, indicating a greater liability to later age-related disease.

Method
Participants
Data were from the National Child Development
Study (NCDS), the 1958 British birth cohort study
(Power & Elliott, 2006). Information was collected on
98% of all births in 1 week in 1958 in England,
Scotland and Wales (n = 17 416). Subsequent followups took place at ages 7, 11 and 16 years in childhood,
and at ages 23, 33, 42, 45, 50 and 55 years in adult life.
We report on data collected at birth, from the age 7 and
11 years childhood contacts, and from the age 45 years
biomedical survey. Ethical approval for the biomedical
survey was given by the South East Multi-Centre
Research Ethics Committee.
Assessment of bullying
Exposure to bullying was assessed via parental interviews when participants were 7 and 11 years. At
each age, parents were asked if their child was bullied
by other children ‘never’, ‘sometimes’ or ‘frequently’.
We combined responses from both interviews (n = 11
500) to create a three-level indicator of exposure to
childhood bullying: 0 = never bullied (‘never’ at both
7 and 11 years); 1 = occasionally bullied (‘sometimes’
at either 7 or 11 years); 2 = frequently bullied (‘frequently’ at either 7 or 11 years, or ‘sometimes’ at
both ages). Where only one parental interview was
available (n = 2405 at age 7 years; n = 1311 at age 11
years), responses from that interview were used, providing bullying assessments on 86% of cohort members. Consistent with ﬁndings in contemporary
cohorts (Nansel et al. 2004), bullying victimization
was common in this 1950s sample: 27.7% of children
had been exposed to occasional bullying, and 14.6%
had been frequently bullied.
Reports of bullying victimization from mothers and
children have been shown to be similarly associated
with emotional and behavioural problems (Shakoor
et al. 2011). Although agreement between informants
is typically low (Ronning et al. 2009; Wienke Totura
et al. 2009), this suggests that both informants provide
a unique and meaningful perspective on bullying
victimization.
Measures of adult biomarkers
The biomedical survey was undertaken by trained
nurses and included venepuncture, physical measurements and an in-home interview (Power & Elliott,
2006). Venous blood samples were centrifuged and
the aliquots of plasma stored at −70 °C. CRP was measured by high-sensitivity nephelometric analysis of latex
particles coated with CRP monoclonal antibodies (BN
ProSpec protein analyser; Dade Behring, Germany).
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Inter- and intra-assay coefﬁcients of variation were
<10%. We excluded participants (n = 210) with CRP of
10 mg/l or more. We used two indicators of CRP levels:
(i) a continuous measure (log-transformed to reduce
skewness); and (ii) a dichotomous low versus high risk
indicator based on the Centers for Disease Control
and Prevention/American Heart Association deﬁnition
of high cardiovascular risk (CRP > 3 mg/l) (Pearson
et al. 2003). Fibrinogen was determined by the Clauss
method (MDA 180 coagulometer; Biomerieux, UK).
All analytes were monitored for internal quality control
by Levey–Jennings plots during the assay period.
An anthropometric assessment was also conducted
at the biomedical survey, providing measures of BMI
[weight (kg)/height (m)2] and waist:hip ratio [waist circumference (cm)/hip circumference (cm)]. We used
two indicators of BMI: (i) a continuous measure; and
(ii) a dichotomous indicator identifying obese participants with a BMI of 30 kg/m2 or more.
Childhood confounders
Childhood physical status
Birth weight was taken from medical records and
childhood BMI was calculated from height and weight
measured at age 7 years.
Childhood cognition/behaviour
Childhood intelligence quotient (IQ) was assessed at
age 11 years using a standardized 80-item general ability test (Douglas, 1964) with verbal and non-verbal
components, and the values were standardized
(mean=100, S.D.=15) in the whole sample. Childhood
internalizing and externalizing problems were derived
from teacher ratings on the Bristol Social Adjustment
Guides (Stott, 1969) at 7 and 11 years (Clark et al.
2007). We used the mean of scores summed across
these two ages where both measures were available
(n = 12 366), and single-age measures for the remainder
of the sample (n = 3136).

45 years, participants completed a 16-item questionnaire
(Rosenman & Rodgers, 2004) about their exposure to a
range of childhood adversities including poverty, parental mental health and drug/alcohol problems, family
conﬂict, and physical and sexual abuse.
Adult correlates
We also took account of a range of adult factors
(health-related behaviours and other correlates) with
established associations with inﬂammatory markers
and obesity in adult life. Data from the age 42 years
interviews provided a range of sociodemographic
and health behaviour indicators, including: (i) adult
social class of cohort member (categorized in a similar
way to parental social class in childhood); (ii) smoking
status (0 = never or ex-smoker; 1 = current smoker);
(iii) regular exercise (0 = no; 1 = yes, regularly); (iv)
diet (eating fruits and vegetables, coded from 0 =
never to 6 = more than once per day).
Depressive and anxiety disorders were assessed at
age 45 years using the Depression and Anxiety modules of the Revised Clinical Interview Schedule
(Lewis et al. 1992). Diagnoses were derived according
to standard algorithms for International Classiﬁcation
of Diseases (ICD)-10 diagnoses. We used summary
measures of: (i) mild, moderate and severe depressive
disorders; (ii) any anxiety disorders (including generalized anxiety disorder, speciﬁc and social phobias,
panic disorder and agoraphobia); and (iii) any anxiety
or depressive disorders. The age 45 years assessments
also included the Alcohol Use Disorders Identiﬁcation
Test (AUDIT; Babor et al. 2001), a 10-item screening questionnaire designed by the World Health Organization to
identify mild alcohol dependence.
At the biomedical survey, participants were assessed
for their use of medications for cardiovascular, respiratory and central nervous systems, infections, endocrine
system and other problems, including systemic steroids,
respiratory steroids, non-steroidal anti-inﬂammatory
drugs, prophylactic aspirin, anti-gout medications, antirheumatic medications, statins and oestrogens.

Childhood environment
Family social class in childhood was classiﬁed on the
basis of the father’s occupation at age 7 years, and categorized as professional/managerial/technical, other
non-manual, skilled manual, and unskilled manual
(Ofﬁce of Population Censuses and Surveys, 1980).
Childhood adversity was assessed from both prospective and retrospective reports. Information prospectively collected from parents and teachers was used
to create an eight-item scale of low parental involvement, including indicators of the child’s physical appearance and the parents’ activities with the child at ages 7
and 11 years (Power et al. 2012). Retrospectively at age

Attrition
Sample retention in childhood was high (92% at age 7
and 11 years) (Power & Elliott, 2006). Retention rates
were lower in adulthood, with data available on 78%
of those invited for the mid-life biomedical survey
(9426/12 069). For the current analyses, we took a conservative approach and report on 7102 cohort members
with complete data on bullying victimization at age 7
or 11 years, and also inﬂammatory markers at the biomedical survey. Non-participation was unrelated to exposure to childhood bullying (online Supplementary
Table S1), but was predicted by male gender, low
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Table 1. Associations between bullying victimization in childhood and adult risk for cardiovascular diseasea
Bullied at ages 7 and 11 years

Risks for cardiovascular disease
Inﬂammation
CRP >3 mg/l, n (%)
CRP (log10), mg/l
Fibrinogen, g/l
Adiposity
Obesity, n (%)b
Total
Males
Females
BMI, kg/m2c
Total
Males
Females
Waist:hip ratio

Total
(n = 7102)

Never
(n = 4190)

Occasionally
(n = 1919)

1178 (17.2)
−0.02 (0.48)
2.93 (0.57)

646 (15.9)
−0.03 (0.48)
2.91 (0.56)

1613 (23.2)
861 (24.3)
752 (22.0)
27.23 (4.76)
27.71 (4.15)
26.72 (5.27)
0.871 (0.085)

Group difference
Frequently
(n = 993)

F/χ2 (df)

p

332 (18.1)
−0.01 (0.49)
2.94 (0.58)

200 (20.4)
0.04 (0.47)
2.97 (0.58)

11.01 (2)
9.44
3.88

0.004
<0.001
0.021

886 (21.4)
471 (23.6)
415 (19.4)

471 (25.5)
247 (25.2)
224 (26.0)

256 (25.5)
143 (25.0)
113 (26.2)

13.43 (2)
0.89
17.95

0.001
0.640
<0.001

27.03 (4.66)
27.67 (4.07)
26.41 (5.09)
0.866 (0.084)

27.50 (4.86)
27.76 (4.11)
27.20 (5.56)
0.876 (0.084)

27.51 (4.90)
27.76 (4.48)
27.20 (5.37)
0.880 (0.088)

7.39
0.18
8.18
14.04

<0.001
0.837
<0.001
<0.001

Data are given as mean (standard deviation) unless otherwise indicated.
df, Degrees of freedom; CRP, C-reactive protein; BMI, body mass index.
a
We report unweighted n, but weighted percentage, mean and standard deviation. We present results separately by gender
where an interaction between bullying victimization and gender was found to be signiﬁcant. Associations with categorical
variables were estimated with ordinal logistic regression analyses, whereas associations with continuous variables were estimated with one-way analyses of variance.
b
Group differences for obesity were not signiﬁcant for males (Wald χ2 = 0.89, p = 0.640), but signiﬁcant for females (Wald χ2
= 17.95, p < 0.001).
c
Group differences for adult BMI were not signiﬁcant for males (F = 0.18, p = 0.837), but signiﬁcant for females (F = 8.18, p <
0.001).

birth weight, low IQ, low childhood social class, low
parental involvement, and childhood internalizing
and externalizing problems. We derived inverse probability weights (Seaman & White, 2013) from a logistic
regression analysis predicting availability of complete
data on childhood bullying and biological data of
blood sample, including the variables listed above.
These weights were included in all analyses.

Statistical analyses
We used linear regression and ordinal logistic regression analyses to test bivariate associations between
childhood bullying victimization and adult risk factors
for age-related disease. To test their robustness, multivariate models were used to adjust, in separate steps,
for childhood confounders (child physical status, cognition and behaviours, and child environmental risk exposure) and adult covariates (including indicators of
health-related behaviours). When not considered as an
outcome, adult BMI was included as a covariate. All
multivariate analyses controlled for gender (males = 1;
females = 2) and medication use (no = 0; yes, any = 1).

We tested for gender-speciﬁc effects in all models. We
present results separately by gender where an interaction between bullying victimization and gender was
found to be signiﬁcant. We used robust variance
(sandwich-type) estimates to adjust the standard errors
of the parameter estimates for the sampling weights applied to observations. All analyses were conducted in
STATA version 12.1 (USA).

Results
Is childhood bullying victimization associated with
mid-life risks for age-related disease?
Individuals who had been frequently bullied in childhood showed higher levels of inﬂammation at mid-life
than non-bullied participants (Table 1). We observed
signiﬁcant differences in CRP levels for both the clinically relevant categorical measure of CRP and also for
the continuous measure. In addition, children who
were frequently bullied showed elevated levels of ﬁbrinogen. Women who had been either occasionally or
frequently bullied in childhood showed greater
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adiposity in mid-life compared with women who had
not been bullied. Differences in adiposity for bullied
women were observed both for obesity and also across
the full distribution of BMI. The effect of bullying generalized to a measure of central adiposity: both men
and women who had been bullied in childhood
showed greater waist:hip ratio at mid-life than nonbullied individuals.
Is bullying victimization associated with childhood
risk factors and adult correlates of age-related
disease?
Bullying victimization was associated with several potential confounders assessed in childhood and also
with adult correlates of age-related disease risks
(Table 2). In terms of child characteristics, bullied participants had lower birth weight and BMI at age 7
years than those who had not been bullied; they also
had elevated levels of internalizing and externalizing
problems and lower IQ scores; and they experienced
greater socio-economic disadvantage as they were
growing up. In mid-life, participants who had been
bullied in childhood were in lower social class occupations and showed higher rates of affective disorders
than their non-bullied peers. They were more likely
to smoke than non-bullied participants and less likely
to take regular exercise or eat healthily; bullied women
were also more likely to report taking medications
(Table 2).
Is childhood bullying victimization independently
associated with adult risk for age-related disease
after controlling for childhood confounders and adult
correlates?
Controlling for childhood confounders and adult covariates did not modify the observed group differences
in inﬂammation markers. Compared with those who
had not been bullied in childhood, participants who
had been frequently bullied showed higher CRP levels
in mid-life after statistical adjustment for child physical
status, cognition and behaviour, and environment, and
also for adult health-related behaviours and other
adult correlates (Table 3). Adjusted analyses revealed
similar results for the effect of bullying on ﬁbrinogen
levels, although the association was reduced to marginal signiﬁcance when we statistically controlled for
childhood behavioural problems and IQ, childhood
adversities, and adult social class and BMI.
Compared with women who had not been bullied in
childhood, women who had been occasionally or frequently bullied showed signiﬁcantly higher rates of
adult obesity and higher BMI in mid-life after childhood confounders and adult correlates were statistically accounted for (Table 3). In relation to waist:hip

ratio, associations with occasional bullying were less
consistent, but links with frequent bullying remained
largely signiﬁcant.
When childhood confounders and adult correlates
were statistically controlled for simultaneously, ﬁndings
remained signiﬁcant for the continuous measures of
both CRP [β = 0.04, 95% conﬁdence interval (CI) 0.00–
0.07, p = 0.034] and BMI (β = 0.54, 95% CI 0.08–1.00,
p = 0.022).
Discussion
We report evidence that childhood bullying victimization is associated with increased risks for age-related
disease at mid-life. Our study using data from a
large prospective birth cohort shows that study participants who experienced bullying victimization have
higher inﬂammation levels than non-bullied peers,
and women who had been bullied are more likely to
be obese decades later. Findings are consistent across
two different measures of inﬂammation and two different measures of adiposity. They are also independent of the effects of correlated childhood risks, and
of key adult risk factors targeted by current preventive
interventions.
These ﬁndings are innovative in three ways. First,
they add to the growing body of evidence from
human and non-human primates showing the adverse
effects of early stress on inﬂammatory and adiposity
markers. Second, they widen the spectrum of poor outcomes associated with childhood bullying victimization
to risks for age-related disease. Third, they show that
early psychosocial stress exerts enduring effects that remain signiﬁcant into mid-life, when inﬂammation and
obesity are used clinically to predict age-related disease
risk. Bullying victimization is a concern for policy and
intervention because of the extensive evidence that it
contributes to suffering in childhood and adolescence
(Arseneault et al. 2010). Recent research ﬁndings have
been supporting initiatives aimed at reducing bullying
behaviours. Findings from this study further suggest
that preventing bullying in childhood could reduce
risks for age-related disease. Our study also implies
that early interventions with the victims could not
only limit poor outcomes associated with being bullied
in childhood but also contribute to the prevention of
health problems in adulthood.
The effects of childhood bullying victimization on
biological risks for age-related disease at mid-life
were observed on both clinically relevant categorical
measures and also across the whole continuum of the
distribution
of
inﬂammation
and
adiposity.
Therefore, tackling the effect of bullying victimization
on risks for age-related disease may not only reduce
the prevalence of problems at the clinical level, but
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Table 2. Associations between bullying victimization in childhood and childhood confounding factors and key adult variablesa
Bullied at ages 7 and 11 years
Total
(n = 7102)
Male gender, n (%)
Childhood
Physical status
Birth weight, g
Child BMI, kg/m2
Cognition/behaviour
Internalizing problems
Externalizing problems
IQ
Environmental exposure
Parental social class, n (%)
Professional/managerial
Skilled non-manual
Skilled manual
Semi-skilled/unskilled manual
Low parental involvement
Child adversity
Adulthood
Health-related behaviours
Smoking, n (%)
Regular exercise, n (%)
Eating fruits
Eating vegetables
Other adult correlates
Adult social class, n (%)
Professional/managerial
Skilled non-manual
Skilled manual
Semi-skilled/unskilled manual
Depression/anxiety diagnosis, n (%)
Alcohol dependence, n (%)
Medications, n (%)b
Total
Males
Females

Never
(n = 4190)

Occasionally
(n = 1919)

Group difference
Frequently
(n = 993)
556 (56.2)

F/χ2 (df)

P

15.83 (2)

<0.001

3573 (51.1)

2012 (49.1)

1005 (52.5)

3335.3 (510.1)
15.84 (1.66)

3352.2 (508.0)
15.87 (1.68)

3317.6 (506.0)
15.86 (1.62)

3302.9 (523.4)
15.70 (1.65)

4.62
2.93

0.010
0.020

1.94 (0.91)
1.95 (0.96)
100.71 (14.17)

1.85 (0.88)
1.89 (0.92)
102.01 (13.89)

2.03 (0.92)
2.00 (1.01)
99.44 (14.24)

2.14 (0.97)
2.10 (1.02)
97.99 (14.52)

46.59
19.81
38.89

<0.001
<0.001
<0.001

35.94 (2)

<0.001

1555 (19.6)
677 (9.3)
3091 (45.0)
1740 (26.1)
1.14 (1.43)
1.50 (2.18)

1030 (22.0)
406 (9.4)
1763 (44.3)
957 (24.3)
1.03 (1.34)
1.38 (2.08)

369 (17.5)
190 (9.7)
846 (44.5)
509 (28.3)
1.25 (1.50)
1.59 (2.25)

156 (14.1)
81 (7.9)
482 (48.9)
274 (29.0)
1.36 (1.62)
1.80 (2.37)

25.50
15.59

<0.001
<0.001

1926 (28.1)
5213 (75.3)
4.03 (1.74)
3.07 (1.48)

1113 (27.2)
3108 (76.2)
4.09 (1.70)
3.11 (1.47)

504 (27.5)
1413 (75.2)
4.01 (1.76)
3.01 (1.50)

309 (32.1)
692 (72.1)
3.81 (1.82)
3.01 (1.51)

2914 (38.5)
1438 (20.1)
1341 (20.3)
1409 (21.1)
403 (6.0)
429 (6.6)

1834 (41.4)
857 (20.4)
754 (19.7)
745 (18.5)
217 (5.3)
267 (6.8)

740 (36.3)
390 (20.1)
364 (19.6)
425 (24.0)
112 (6.3)
105 (6.5)

340 (31.3)
191 (19.1)
223 (23.9)
239 (25.8)
74 (8.0)
57 (6.3)

2602 (36.8)
1022 (28.5)
1580 (45.5)

1493 (35.8)
576 (28.6)
917 (42.7)

718 (37.4)
275 (27.2)
443 (48.7)

391 (39.8)
171 (30.4)
220 (51.8)

6.64(2)
6.04(2)
9.59
3.90

0.036
0.049
<0.001
0.020

49.67 (2)

<0.001

9.06 (2)
0.46 (2)

0.011
0.793

5.14 (2)
1.56 (2)
14.94 (2)

0.076
0.459
<0.001

Data are given as mean (standard deviation) unless otherwise indicated.
df, Degrees of freedom; BMI, body mass index; IQ, intelligence quotient.
a
We report unweighted n, but weighted percentage, mean and standard deviation. Associations with categorical variables
were estimated in ordinal logistic regression analyses, whereas associations with continuous variables were estimated in oneway analyses of variance.
b
Gender-speciﬁc associations were found only for use of medication only.

also across the wider population. Clinical studies are
needed to establish if the effects of childhood bullying
on risks for age-related disease can be remediated before the onset of clinical symptoms. For example, in
previous research we reported that bullied children
are at higher risk of psychiatric disorders in adult life
(Takizawa et al. 2014), and psychiatric disorders have

been linked to prospective increase in obesity
(Luppino et al. 2010). It is unclear if interventions that
can relieve mental health problems in bullied individuals can also affect the biological vulnerability for
age-related disease.
Future research also needs to investigate the molecular
mechanisms through which exposure to psychosocial

1.15 (0.97 to 1.37)
1.33 (1.09 to 1.64)**
0.02 (−0.01 to 0.05)
0.07 (0.03 to 0.11)***
0.02 (−0.02 to 0.05)
0.05 (0.01 to 0.10)*

1.43 (1.18 to 1.74)**
1.39 (1.08 to 1.79)**
0.86 (0.41 to 1.32)**
0.87 (0.30 to 1.44)**
0.41 (0.05 to 0.76)*
0.80 (0.34 to 1.25)***

1.17 (0.99 to 1.37)†
1.35 (1.12 to 1.64)**

0.02 (−0.01 to 0.05)
0.07 (0.04 to 0.10)***

0.03 (−0.01 to 0.06)
0.06 (0.02 to 0.10)**

1.45 (1.18 to 1.77)**
1.41 (1.09 to 1.83)**

0.87 (0.44 to 1.31)**
0.73 (0.17 to 1.30)**

0.41 (0.08 to 0.74)**
0.70 (0.27 to 1.14)**

0.22 (0.10 to 0.55)
0.39 (−0.04 to 0.83)†

0.76 (0.33 to 1.19)**
0.54 (−0.03 to 1.11)†

1.39 (1.17 to 1.67)**
1.26 (1.00 to 1.59)*

0.01 (−0.02 to 0.05)
0.04 (0.00 to 0.08)†

0.01 (−0.02 to 0.04)
0.05 (0.02 to 0.09)**

1.12 (0.95 to 1.32)
1.27 (1.04 to 1.54)*

Model 2 – controlling for
child cognition/
behaviourb

0.27 (−0.06 to 0.60)
0.47 (0.04 to 0.91)*

0.74 (0.30 to 1.17)**
0.52 (−0.05 to 1.10)†

1.39 (1.17 to 1.66)**
1.26 (1.00 to 1.59)*

0.01 (−0.02 to 0.05)
0.04 (0.00 to 0.08)*

0.01 (−0.02 to 0.03)
0.05 (0.02 to 0.09)**

1.13 (0.96 to 1.33)
1.29 (1.07 to 1.57)**

Model 3 – controlling
for child environmentb

0.37 (0.04 to 0.70)*
0.56 (0.12 to 1.00)**

0.86 (0.42 to 1.30)***
0.75 (0.18 to 1.32)**

1.41 (1.18 to 1.69)***
1.33 (1.06 to 1.68)*

0.03 (0.00 to 0.06)
0.05 (0.00 to 0.09)*

0.01 (−0.02 to 0.04)
0.05 (0.02 to 0.09)**

1.14 (0.96 to 1.33)
1.27 (1.05 to 1.55)*

Model 4 – controlling for
adult health-related
behavioursb

0.30 (−0.04 to 0.64)†
0.50 (0.05 to 0.95)*

0.77 (0.33 to 1.22)**
0.52 (−0.05 to 1.10)†

1.39 (1.15 to 1.67)**
1.28 (1.00 to 1.64)*

0.01 (−0.02 to 0.04)
0.04 (0.00 to 0.08)†

0.00 (−0.03 to 0.02)
0.05 (0.02 to 0.09)**

1.11 (0.93 to 1.33)
1.29 (1.04 to 1.59)*

Model 5 – controlling
for other adult
correlatesb

Data are given as odds ratio or β coefﬁcient (95% conﬁdence interval).
CRP, C-reactive protein; BMI, body mass index.
a
All models controlled for effects of gender and use of medications. We present results separately by gender where an interaction between bullying victimization and gender was
found to be signiﬁcant.
b
We report the adjusted odds ratio/β values in model 1 [child physical status (birth weight and child BMI)], in model 2 [child cognition/behaviour (internalizing problems and externalizing problems and childhood intelligence quotient)], in model 3 [child environment (parental social class, low parental involvement and child adversity)], in model 4 [adult
health-related behaviours (smoking, regular exercise, diet and exercise] and in model 5 [other adult correlates (adult social class, depression/anxiety disorders, alcohol dependence and
adult BMI)].
c
Waist:hip ratio values were multiplied by 100 for these analyses.
Signiﬁcant ﬁndings: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05, † p ≤ 0.10 (trend level).

Inﬂammation
CRP > 3 mg/l
Occasionally bullied
Frequently bullied
CRP (log10)
Occasionally bullied
Frequently bullied
Fibrinogen
Occasionally bullied
Frequently bullied
Adiposity
Obesity (only for females)
Occasionally bullied
Frequently bullied
BMI (only for females)
Occasionally bullied
Frequently bullied
Waist:hip ratio (×100)c
Occasionally bullied
Frequently bullied

Unadjusted

Model 1 – controlling
for child physical
statusb

Table 3. Multivariate models for the associations between childhood bullying victimization and adult risk for cardiovascular disease, controlling for childhood confounders and adult key variablesa
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adversity, including bullying in childhood, can be translated to biological risks for disease (biological embedding; Danese & McEwen, 2012). Bullied children
undergo epigenetic changes (Ouellet-Morin et al. 2013)
associated with blunted neuroendocrine response to
psychosocial challenges (Ouellet-Morin et al. 2011a).
We have previously reported that these neuroendocrine
abnormalities were linked to greater internalizing and
externalizing problems in childhood (Ouellet-Morin
et al. 2011b). It is possible that these neuroendocrine abnormalities also contribute to the later risks for high
inﬂammation and obesity observed here (Danese &
McEwen, 2012).
Despite these signiﬁcant effects, not all bullied children had high inﬂammation or were obese in adult
life. Notably, the effect of childhood bullying on midlife BMI was limited to women. This is consistent
with reported effects of maltreatment in humans
(Danese & Tan, 2014), and early life stress in nonhuman primates (Conti et al. 2012). However, we
found that the effect of early life stress could be generalized across genders with regard to abdominal adiposity. The origins and mechanisms of these
individual differences need to be further investigated.
Our ﬁndings should be interpreted in light of some
limitations. First, attrition in the NCDS across nearly
ﬁve decades of assessment was not negligible, though
it is unlikely that this affected the pattern of our
ﬁndings; drop-out was not associated with bullying
victimization and we controlled for other effects of
selective attrition by including weights throughout
the analyses. Second, the associations we observed
could be confounded by a number of unmeasured factors. Reassuringly, ﬁndings from our study of a large
cohort of human participants are consistent with
those of experimental research in non-human primates
(Cole et al. 2012; Conti et al. 2012) that allow greater
control over potential confounders. Third, we did not
assess age-related diseases per se, but rather their established risks. An unknown proportion of participants
will not develop age-related disease in later life despite
their known risks. For prevention schemes and policies, however, knowing about risks may be useful for
deciding targets of effective interventions. Fourth, the
public health signiﬁcance of childhood bullying victimization could be questioned in light of the relatively
small effects reported here. This may reﬂect associations across an extended period over the life course.
The high prevalence of bullying victimization, high
inﬂammation and obesity would, however, suggest
that preventable effects in the population may still be
considerable despite the low effect sizes reported here.
Regardless of these limitations, our results have potential implications for future research, clinical practice
and public health. Bullying by peers appears to have a

non-negligible effect on risks for age-related disease independent from those of other established risks. This
and other forms of childhood adversity are not currently addressed by preventive interventions for
age-related disease. In light of these ﬁndings, new
models of preventive interventions for age-related disease need to consider psychosocial risk factors and
life-course trajectories. The main focus of preventive
interventions for age-related disease has traditionally
been on physical risk factors, such as smoking, physical inactivity and unhealthy diet. These are clearly important, but interventions targeting these established
risk factors in adults are challenging and of limited effect (Braunwald, 1997; Ebrahim et al. 2006). Some of the
root causes of these unhealthy behaviours may be
traced back to childhood psychosocial adversity
(Anda et al. 1999) and these also need to be tackled
by health promotion strategies.
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