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Midlife self-reported social support as a buffer
against premature mortality risks associated with

childhood abuse

Jessica J. Chiang ®™, Edith Chen'? and Gregory E. Miller'?

Research has linked childhood abuse to a plethora of adverse
health outcomes in adulthood"?. However, whether positive
experiences in adulthood much beyond cessation of abuse
exposure can offset these adverse health risks remains
unclear. Using a sample of 6,078 adults from the National
Survey of Midlife Development in the United States (MIDUS),
we examined whether adult self-reported social support
decreased mortality risk associated with self-reported expo-
sure to three types of childhood abuse: severe physical abuse,
modest physical abuse and emotional abuse. Greater self-
reported social support was related to reduced mortality risk;
however, this relation was qualified by exposure to child-
hood abuse. For each type of abuse, self-reported social sup-
port was linked to a larger reduction in mortality risk among
individuals reporting childhood abuse compared with those
reporting minimal or no exposure to abuse. These findings
suggest that supportive relationships in midlife can partly off-
set the mortality risks that seem to be set in motion by child-
hood experiences of abuse.

Childhood abuse is a relatively common occurrence in the
United States. The lifetime prevalence of physical abuse is estimated
to be between 16% and 18.1%; emotional abuse is more prevalent,
with estimates ranging from 23.9% to 35.1%”‘. The short- and
longer-term mental health consequences of abuse have been exten-
sively documented"°. More recently, studies have linked childhood
abuse with physical health problems during adulthood, including
higher rates of morbidity from respiratory disorders, some cancers
and cardiovascular disease, as well as premature mortality during
midlife>”*. Given the apparent health consequences of abuse, a
pressing question is whether there are processes capable of buffer-
ing against, compensating for or reversing its effects’.

Positive social relationships marked by high levels of warmth
and support have been shown to mitigate the associations between
a range of early life stressors (such as socioeconomic disadvantage,
neglect, loss of a parent and parental divorce) and alterations in bio-
logical functioning thought to contribute to the development and
progression of disease'*™’. Many fewer studies have focused specifi-
cally on abuse, but the few that have similarly point to supportive
relationships as an effective buffer. For example, in a study focusing
on maternal and paternal harshness that included abuse, warmth
from one parent attenuated the associations between harshness
from the second parent and declining self-reported overall physical
health and increasing BMI over the course of adolescence'. In a
study that focused specifically on long-term health risks, childhood
abuse was associated with more signs of multisystem dysregulation

at midlife; importantly, this association was attenuated among those
reporting high levels of parental warmth and affection®.

It should be noted that these past studies have focused on paren-
tal warmth and support concurrent with exposure to adversity early
in life. However, there exists a decades-long 'incubation’ period
between exposure to abuse during childhood and the emergence
of health problems such as heart disease, cancer and stroke, which
typically have their first onset in the middle and later stages of the
lifespan. Notably, positive social experiences during these middle
and later life stages have been linked to better health outcomes in
many domains for which early abuse seems to confer risk'®"”. As
such, supportive relationships during middle and later decades
of life may decelerate the poor health trajectories initially set in
motion by early experiences of adversity, or compensate for them
through other processes. We are aware of only one study that has
examined this question in humans, and it did indeed find that a
supportive family environment in adulthood protected women who
were sexually abused as children from alterations in morning cor-
tisol output®. Further support comes from rodent studies showing
that environmental enrichment during adolescence and adulthood
can reverse the effects of low maternal care during the postnatal
period on adult amygdala and hippocampal plasticity'>*’. Another
notable limitation of previous studies is that they have focused on
intermediary biological markers as outcomes. Although useful indi-
cators of risk, these biomarkers do not reflect actual disease or dis-
ability, which raises questions about the clinical relevance of this
phenomenon. This is an important question to address, as it can
speak to the plausibility and significance of reversibility later in life’.

We attempt to answer this question in the present study using
data from the National Survey of Midlife Development in the
United States (MIDUS). In previous analyses of this dataset, we
reported that among women at midlife, reports of being abused
during childhood were associated with a 1.2-1.6-fold higher risk
of mortality over the subsequent two decades’. Extending those
results, the current investigation tested whether self-reported social
support during adulthood mitigated the mortality risks associated
with self-reported abuse. Given that health effects of abuse are
hypothesized to differ as a function of the nature and/or severity of
the maltreatment***, we examined different types of abuse (severe
physical abuse, moderate physical abuse and emotional abuse) sepa-
rately. We also considered a viable alternative explanation for any
buffering associated with social support: namely, that it reflected the
protective influence of other positive psychological resources asso-
ciated with mortality, including positive affect, perceived control
and purpose in life**.
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Table 1| Sample characteristics and descriptive data of study
variables

n (%) Mean (s.d.)
Age 46.78 (12.90)
Gender
Female 3,191 (52.5)
Male 2,887 (47.5)
Ethnicity
European American 5,518 (90.8)
African American 312 (5.1)
Other 248 (4.1)
Education
<High school 595 (9.8)
High school 1,674 (27.5)
Some college 1,845 (30.4)
College degree or some 1,296 (21.3)
graduate school
Master's or professional degree 668 (11.0)
Medical conditions
History of heart problems 784 (12.9)
History of cancer 437 (7.2)
Depression 760 (12.5)
Health behaviours
History of smoking regularly 3,111 (51.2)
History of regular alcohol use 2,526 (41.6)
Childhood abuse
Emotional abuse 2,188 (36.0)
Moderate physical abuse 1,594 (26.2)
Severe physical abuse 695 (11.4)
Social support 3.45(0.46)
Deceased 1,038 (17.1)

Analyses were based on data collected in 1995-1996 during the
first wave of MIDUS, an ongoing national study on the develop-
ment of health and well-being from midlife to older adulthood.
Participants included 6,078 adults who completed question-
naires assessing childhood physical and emotional abuse and cur-
rent social support, and who provided information on covariates,
including demographic characteristics (age, gender, race and edu-
cational attainment), medical history (heart problems, cancer and
depression) and health behaviours (smoking and alcohol use). Data
on mortality were collected over the next two decades, to October
2015. Descriptive information on the sample is presented in Table 1.
At baseline, when participants reported on abuse and support, they
were approximately 47 years old. The gender distribution was fairly
balanced, and the majority of participants were of European descent
and had at least a high school diploma. Over a third of the sample
reported experiencing some type of abuse during childhood, with
emotional abuse being the most common type of abuse experi-
enced. In general, participants reported high levels of midlife social
support from all sources. Of the participants included in the present
study, nearly a fifth died over the roughly 20-year follow-up period.

Cox proportional hazard models were estimated to test the buff-
ering role of midlife social support against mortality risk associated
with childhood abuse. These models provide estimates of hazard
ratios (HR), which represent the change in probability of death at
any particular point in time given a one-unit increase on the predic-
tor variable. An HR less than one indicates decreased likelihood of

262

NATURE HUMAN BEHAVIOUR

death whereas an HR greater than one indicates increased likeli-
hood of death.

To determine the relative contributions of abuse, social support
and their interaction to mortality risk above and beyond traditional
risk factors, we first examined the associations between mortality
risk and covariates, which included demographic characteristics
(age, gender, race and educational attainment), medical history
(heart problems, cancer and depression) and health behaviours
(smoking and alcohol use). As shown in Table 2, older age, male
gender and lower educational attainment were associated with
higher mortality risk. African Americans compared with European
Americans were also at higher risk for mortality. As expected, medi-
cal conditions, including heart disease, cancer and depression, were
associated with higher mortality risk. With respect to health behav-
iours, smoking, but not alcohol consumption, was associated with
higher risk for mortality.

To this base model, we added abuse, self-reported social sup-
port and their interactions in subsequent steps, focusing first on
self-reported severe physical abuse. As displayed in Table 3, severe
physical abuse was not associated with mortality risk, as we previ-
ously reported’. Higher social support, however, was associated with
lower mortality. Consistent with hypotheses, there was a significant
severe physical abuse by social support interaction, suggesting a
buffering effect of social support. Indeed, follow-up tests indicated
that the association between social support and reduced mortality
risk varied according to reported experiences of childhood severe
physical abuse. Specifically, the association between social sup-
port and lower mortality was stronger among individuals reporting
severe abuse (HR=0.74, 95% CI=0.64-0.85, P<0.001) compared
with those who did not (HR=0.92, 95% CI=0.86-0.98, P=0.016).

Paralleling the findings above, self-reported moderate physical
abuse was not related to mortality whereas self-reported social sup-
port was, as displayed in Table 3. In line with our hypotheses, there
was a significant interaction between moderate physical abuse and
social support. As above, the association between social support and
lower mortality was stronger among those reporting exposure to
moderate physical abuse in childhood (HR=0.81, 95% CI=0.73-
0.89, P<.001) versus those not endorsing such abuse (HR=0.92,
95% CI=0.86-0.99, P=0.031).

Consistent with the patterns above, self-reported emotional
abuse on its own was unrelated to mortality (Table 3). However,
there was a main effect of self-reported social support and an inter-
action effect between emotional abuse and social support. Again,
the association between self-reported social support and lower
mortality was stronger among individuals who reported exposure
to childhood emotional abuse (HR=0.80, 95% CI=0.73-0.88,
P<.001) compared with those who did not (HR=0.93, 95%
CI=0.86-1.00, P=.051).

We then tested whether social support might be a proxy for other
protective factors associated with mortality. First, we created a psy-
chological resources composite variable based on measures positive
affect, perceived control and purpose in life, and then we statistically
adjusted for this variable and examined whether it interacted with
childhood abuse to predict mortality. Higher levels of psychologi-
cal resources were associated with lower mortality (HR=0.82, 95%
CI=0.75-0.89, P<.001), but did little to change the abuse by sup-
port interaction effects. The interactions remained significant and
the hazard ratios remained relatively unchanged (severe physical
abuse: HR=0.80, 95% CI=0.69-0.93, P=0.003; moderate physical
abuse: HR=0.84, 95% CI=0.77-0.92, P=0.048; emotional abuse:
HR=0.89, 95% CI=0.79-1.00, P=0.045). Furthermore, there
were no significant interactions between psychological resources
and any of the abuse types (severe physical abuse: HR=1.12, 95%
CI=0.89-1.40, P=0.327; moderate physical abuse: HR=1.07,
95% CI=0.90-1.23, P=0.431; emotional abuse: HR=0.97, 95%
CI=0.82-1.15, P=0.731).
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Table 2 | Results of models predicting mortality risk from sociodemographic characteristics, medical conditions and health behaviours

Model 1 Model 2 Model 3

HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age 2.81(2.26-3.50) <0.001 2.38 (1.90-2.97) <0.001 2.38 (1.90-2.99) <0.001
Age X time 1.09 (1.05-1.27) 0.065 115 (1.04-1.26) 0.004 116 (1.05-1.27) 0.003
Female? 0.69 (0.61-0.78) <0.001 0.71(0.62-0.80) <0.001 0.81(0.71-0.92) 0.002
African American® 1.47 (113-1.91) 0.004 1.63 (1.25-2.12) <0.001 1.74 (1.34-2.26) <0.001
Other® 0.99 (0.67-1.48) 0.965 0.92 (0.62-1.37) 0.68 0.95 (0.63-1.41) 0.783
Education 0.81(0.76-0.86) <0.001 0.82 (0.77-0.87) <0.001 0.84 (0.79-090)  <0.001
Heart disease 1.96 (1.71-2.25) <0.001 1.90 (1.65-2.18) <0.001
Cancer 2.97 (1.89-4.67) <0.001 2.90 (1.85-4.55) <0.001
Cancer x time 0.68 (0.56-0.84)  <0.001 0.68 (0.56-0.84)  <0.001
Depression 1.34 (1.10-1.63) 0.003 1.26 (1.04-1.53) 0.021
Smoking 1.73 (1.51-1.98) <0.001
Alcohol use 1.06 (0.92-1.21) 0.427

Gender was coded as O=male and 1=female. °Race was dummy-coded with European Americans as the reference group.

We also examined each psychological resource variable individ-
ually, and similarly found little evidence that social support acted as
a proxy for each psychological resource variable. When adjusting
for positive affect, sense of control and purpose in life individually,
the interaction effects between childhood abuse and social support
remained, although several were slightly attenuated (Supplementary
Tables 1-3). Similarly, interactions between childhood abuse
types and sense of control and positive affect were not significant
(Supplementary Tables 4 and 5). For purpose in life, there was no
significant interaction with emotional abuse; however, significant
interactions with moderate and severe physical abuse emerged
(Supplementary Table 6). Notably, both the physical abuse by social
support interactions and the physical abuse by purpose in life inter-
actions remained significant when they were entered into the same
model (Supplementary Table 7), suggesting independent moder-
ating effects of social support and purpose in life. Indeed, unlike
social support, the association between purpose in life and reduced
mortality risk was not evident among those reporting severe physi-
cal abuse (HR=1.06, 95% CI=0.89-1.26, P=0.499) and moderate
physical abuse (HR=1.02, 95% CI=0.90-1.15, P=0.739). Rather,
this association was observed only among those reporting no physi-
cal abuse (severe: HR=0.87, 95% CI=0.81-0.92, P<0.001; moder-
ate: HR=0.83, 95% CI=0.78-0.90, P<0.001).

We previously reported gender differences in the association
between child abuse and premature mortality’, with effects spe-
cific to women. Accordingly, we estimated follow-up models that
included a three-way interaction between gender, self-reported
childhood abuse types and self-reported social support. In models
focusing on severe and moderate physical abuse, the interaction
between childhood abuse and social support remained significant
(severe physical abuse: HR=0.76, 95% CI=0.62-0.93, P=0.008;
moderate physical abuse: HR=0.83, 95% CI=0.71-0.98; P=0.030),
but there was no moderation of this effect by gender (severe physi-
cal abuse: HR=1.13, 95% CI=0.84-1.52, P=0.402; moderate
physical abuse: HR=1.13, 95% CI=0.88-1.44; P=0.333). For emo-
tional abuse, neither the two-way child abuse by support interaction
(HR=0.89, 95% CI=0.76-1.05, P=0.173) nor the three-way abuse
by support by gender interaction (HR=0.97, 95% CI=0.77-1.23,
P=0.799) was significant.

Lastly, we examined whether the strength of the moderating
effect of abuse varied by abuse type. To do so, we entered all three
abuse by social support interactions into the same model. The results
should be interpreted with some caution because of the fairly strong

associations amongst types of abuse (rs=0.42-0.56, Ps<0.001).
When all the terms were entered into a single covariate adjusted
model, moderate physical abuse and emotional abuse no longer
interacted with social support (moderate physical abuse: HR=1.01,
95% CI=0.86-1.20, P=0.864; emotional abuse: HR=0.93, 95%
CI=0.80-1.07; P=0.299). There was a marginally significant inter-
action suggesting that severe physical abuse continued to moder-
ate the link between support and mortality risk (HR=0.84, 95%
CI=0.70-1.00, P=0.056). Follow-up probing of this interaction
indicated that higher social support was associated with lower
mortality among both those with and without a history of severe
physical abuse. However, this association was stronger among those
reporting severe physical abuse (HR=0.74, 95% CI=0.64-0.85,
P<0.001) compared with those reporting minimal severe physical
abuse (HR=0.91, 95% CI=0.85-0.98, P=0.008).

The purpose of the current study was to determine whether
reports of current social support in adulthood could offset mortal-
ity risk associated with reports of childhood experiences of parental
abuse. In a national study of midlife adults, we observed interac-
tions indicating that among those reporting childhood experiences
of abuse, higher self-reported social support was related to lower
mortality risks across nearly two decades. More specifically, a one
standard deviation increase in social support was associated with
a26%, 19% and 20% decrease in mortality risk among individuals
reporting childhood experiences of severe physical abuse, moder-
ate physical abuse and emotional abuse, respectively. This effect
was similar to those of some of the more traditional mortality risk
factors. For instance, a one standard deviation increase in educa-
tional attainment was associated with a 16% decrease in mortality
risk, and female gender was associated with a 19% reduction in
mortality risk (although caution should be taken when comparing
dichotomous and continuous predictors). By contrast, social sup-
port was associated with a more modest (7-8%) reduction of mor-
tality risk among those without exposure to physical and emotional
abuse. This pattern of findings is consistent with the buffering
hypothesis, which posits that social support has beneficial effects
only or primarily in the context of stress**. Notably, the buffering
effects of social support were above those of traditional risk factors
associated with both abuse and mortality, including educational
attainment, history of heart problems and cancer, depression and
health behaviours.

The observed findings converge with a substantial body of work
demonstrating the salubrious effects of supportive relationships in
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Table 3 | Results of models predicting mortality risk from childhood abuse, social support and their interactions

Model 4 Model 5 Model 6

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Severe physical abuse
Age 245 (1.95-3.08) <0.001 2.47 (1.96-3.10) <0.001 247 (1.96-311)  <0.001
Age X time 115 (1.04-1.27) 0.006 115 (1.04-1.27) 0.005 115 (1.04-1.27) 0.005
Female? 0.81(0.71-0.93)  0.002 0.82(0.72-0.94) 0.004 0.82(0.72-0.94) 0.004
African American® 1.70 (1.31-2.22)  <0.001 1.69 (1.30-2.20) <0.001 1.71 (1.32-2.23) <0.001
Other® 0.93 (0.62-1.37) 0.701 0.91(0.61-1.35) 0.628 0.90 (0.60-1.33) 0.589
Education 0.85(0.80-0.91) <0.001 0.85(0.80-091) <0.001 0.85 (0.80-0.91) <0.001
Heart disease 1.90 (1.65-218)  <0.001 1.90 (1.65-2.18) <0.001 190 (1.66-2.18)  <0.001
Cancer 2.88 (1.83-4.54) <0.001 292 (1.85-4.59)  <0.001 295 (1.87-4.64) <0.001
Cancer X time 0.68 (0.55-0.83) <0.001 0.68 (0.55-0.84) <0.001 0.68 (0.55-0.83) <0.001
Depression 1.25(1.02-1.52)  0.028 119 (0.97-1.45) 0.091 118 (0.97-145)  0.00
Smoking 1.74 (1.52-2.00)  <0.001 1.75 (1.52-2.00) <0.001 1.75 (1.52-2.00)  <0.001
Alcohol use 1.07 (0.93-1.22) 0.352 1.03 (0.90-1.18) 0.622 1.04 (0.91-117) 0.591
Severe physical abuse 116 (0.96-1.39)  0.117 111 (0.92-1.34) 0.262 1.02 (0.83-1.24) 0.885
Social support 0.88 (0.83-0.94) <0.001 0.92 (0.86-0.98) 0.012
Severe physical abuse x social support 0.81(0.70-0.94) 0.005

Moderate physical abuse
Age 2.39 (1.91-3.00) <0.001 2.41(1.92-3.02) <0.001 2.41(1.92-3.02) <0.001
Age X Time 116 (1.05-1.28) 0.003 116 (1.05-1.28) 0.002 116 (1.05-1.28) 0.002
Female? 0.81(0.71-0.92)  0.001 0.81(0.71-0.93)  0.002 0.81(0.71-0.93)  0.002
African American® 1.69 (1.29-2.20) <0.001 1.68 (1.29-2.18) <0.001 1.69 (1.29-2.20) <0.001
Other® 0.97 (0.66-1.44) 0.891 0.95 (0.64-1.40) 0.782 0.94 (0.63-1.39) 0.746
Education 0.85 (0.80-0.90) <0.001 0.85 (0.80-0.90) <0.001 0.85 (0.80-0.90) <0.001
Heart disease 1.89 (1.65-217)  <0.001 1.89 (1.64-217) <0.001 1.89 (1.65-217)  <0.001
Cancer 2.86 (1.82-4.50) <0.001 2.91(1.85-4.57) <0.001 293(1.87-4.61) <0.001
Cancer X time 0.68 (0.56-0.84) <0.001 0.68 (0.56,-0.84) <0.001 0.68 (0.56-0.83) <0.001
Depression 1.25(1.02-1.52)  0.031 118 (0.97-1.45) 0.102 118 (0.97-145)  0.00
Smoking 1.74 (1.51-1.99) <0.001 1.74 (1.52-2.00) <0.001 1.74 (1.51-1.99) <0.001
Alcohol use 1.06 (0.93-1.22) 0.367 1.03 (0.90-1.18) 0.647 1.04 (0.91-119)  0.587
Moderate physical abuse 0.99 (0.86-1.15)  0.943 0.97 (0.85-1.12) 0.727 0.95 (0.83-1.04) 0.528
Social support 0.88 (0.83-0.94) <0.001 0.92 (0.85-0.99) 0.025
Moderate physical abuse X social support 0.88 (0.78-1.00) 0.045

Emotional abuse
Age 2.38 (1.90-2.98) <0.001 2.39 (1.91-3.00) <0.001 2.40 (1.91-3.00) <0.001
Age X time 116 (1.05-1.27) 0.003 116 (1.05-1.28) 0.003 116 (1.05-1.28) 0.003
Female? 0.81(0.71-0.92)  0.002 0.82(0.72-0.93) 0.003 0.82(0.72-0.94) 0.004
African American® 1.74 (1.34-2.26)  <0.001 1.74 (1.34-2.26) <0.001 1.75(1.34-2.27)  <0.001
Other® 0.95 (0.64-1.42) 0.803 0.92 (0.62-1.37)  0.690 0.92 (0.62-1.37) 0.680
Education 0.84 (0.79-0.90) <0.001 0.84 (0.79-0.90) <0.001 0.84 (0.79-0.90) <0.001
Heart disease 1.90 (1.65-2.18)  <0.001 1.90 (1.65-2.18) <0.001 1.90 (1.65-218)  <0.001
Cancer 2.91(1.85-4.56) <0.001 295 (1.88-4.62) <0.001 2.94 (1.88-4.61) <0.001
Cancer X time 0.68 (0.56-0.84) <0.001 0.68 (0.56-0.84) <0.001 0.68 (0.56-0.84) <0.001
Depression 1.27 (1.04-1.54)  0.019 1.20 (0.98-1.47) 0.070 119 (0.98-1.46) 0.084
Smoking 1.73 (1.51-1.98) <0.001 1.73 (1.51-1.99) <0.001 1.74 (1.51-1.99) <0.001
Alcohol use 1.06 (0.92-1.21)  0.418 1.02 (0.89-117) 0.734 1.03(0.90-118) 0.641
Emotional abuse 0.97 (0.85-112)  0.710 0.95(0.83-1.09) 0.470 2.26 (0.96-5.33) 0.340
Social support 0.88 (0.83-0.93) <0.001 0.92 (0.85-0.99) 0.027
Emotional abuse X social support 0.89 (0.79-1.00) 0.046

2Gender was coded as O =male and 1=female. "Race was dummy-coded with European Americans as the reference group.
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the face of early adversity on psychosocial, behavioural and biologi-
cal functioning'®''*!>??%_ However, many of these studies focus on
positive relationships in relatively close proximity to the adversity.
This approach explicitly assumes that buffering processes occur
alongside the adversity exposure or shortly thereafter. The present
study builds on these previous studies by focusing on self-reported
social support at later stages in life, decades after childhood expe-
riences of adversity presumably occurred, and by extending the
buffering effects to a clinically important outcome, namely mortal-
ity. Our results suggest the possibility that resources much later in
life can serve a buffering function long after the stressor has ended.
If substantiated in future research, this observation suggests that
strengthening social relationships for middle-aged adults could help
offset risks associated with adversities occurring much earlier.

The present findings also converge with developmental theo-
ries of resilience that conceptualize resilience as a process that
includes recovery or restoration, which can take considerable time
to manifest after adversity exposure”. Importantly, changes in the
individual and in their context and experiences (including relation-
ships with others) can alter pathways to resilience, trajectories of
risk associated with a particular adversity, and capacity to adapt
to subsequent challenges or threats”. These views of resilience as
a dynamic process provide a framework for understanding how
social support in adulthood could buffer against mortality risk
among those with a history of childhood abuse. Indeed, supportive
relationships in adulthood could help abuse victims overcome the
multitude of developmental sequelae associated with their child-
hood experiences. Research shows these sequelae unfold across the
lifespan and can include lower educational attainment, difficulties
with employment and smaller earnings, as well as higher incidence
of psychiatric conditions including major depression, anxiety dis-
orders and substance abuse™’'. These demographic and psychiat-
ric sequelae are themselves associated with alterations in biological
processes, engagement in unhealthy lifestyle behaviours and poor
health outcomes, including premature mortality’>**. In addition
to increasing exposure to threatening conditions, early abuse may
also increase sensitivity to them****. For instance, childhood abuse
has been associated with higher negative emotional reactivity to
everyday stress®, which, in turn, has been shown to increase risk for
premature mortality”. With respect to biological sensitivity, there is
evidence suggesting that early adversity may bias certain immune
cells (monocytes and macrophages) towards a pro-inflammatory
state, such that when they encounter subsequent threats, they mount
exaggerated inflammatory responses and are less sensitive to anti-
inflammatory signals, which ultimately fosters a state of low-grade
inflammation and increases risk for diseases such as atherosclero-
sis®. Given the available evidence-*, it seems likely that support-
ive adult relationships mitigate the health impact of these sequelae
across the middle and later stages of the lifespan. Future research
should test this empirically and identify the behavioural (smoking,
weight gain and exercise) and biological (autonomic, cardiovascular
and immunologic) processes through which this mitigation occurs.

The present study is not without limitations. First, causal infer-
ences cannot be made given the observational design. Although
we had a truly prospective design, adjusted for relevant confounds
and considered alternative explanations regarding psychological
resources, these features do not entirely ameliorate interpretational
challenges. The pattern we interpret as buffering by social support
could simply reflect a group of especially hardy or resilient indi-
viduals, who because of other (unmeasured) factors have close adult
relationships and lower mortality rates. It is possible, then, that
social support reflects a broader set of other unmeasured protec-
tive influences and resources that collectively may be counteracting
the mortality risk associated with early abuse. With that said, we
considered multiple psychological resources, including purpose in
life, control and mastery, and positive emotion, that in past research
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have been associated with lower mortality. There was no evidence to
suggest these resources were responsible for social support’s associ-
ation with mortality risks. Moreover, animal studies that manipulate
both early adversity and housing conditions in later phases of life
show that the detrimental effects of early adversity can be reversed
by environments enriched with more opportunities for social inter-
actions and play in later stages of life'*. These findings speak to
the plausibility of our interpretation, though of course they do not
by themselves prove it. Second, assessment of childhood abuse was
based on retrospective self-reports. It is probable that some par-
ticipants misreported their experiences of childhood abuse given
concerns of social desirability and the fallibility of memory**.
However, as long as it is random, misreporting is likely to bias results
towards the null hypothesis. Moreover, evidence suggests that retro-
spective reports about the occurrence of major childhood traumas
are generally accurate, even if details about their timing and nature
are not*. Third, we were unable to test the biological pathways pro-
posed above. Biological measures, including markers of inflamma-
tion, were assessed in a sub-project of MIDUSII nearly a decade
after MIDUSI. However, these measures were obtained from only a
small fraction (n=1,018) of the respondents in our analyses, just 67
of whom (6.6%) have expired. When abuse exposure is considered,
we end up with cell sizes much too small for valid survival analyses
(for example, there is a total of 8 individuals in the MIDUS sample
who endorsed severe physical abuse, had biological measures taken,
and have expired). Testing biological mechanisms through which
social support may exert its protective effects against mortality risk
among those reporting childhood abuse will become more feasible
as mortality increases in MIDUS. Lastly, timing of abuse was not
assessed in MIDUS, but may have differential effects on biologi-
cal processes thought to contribute to morbidity and mortality?'.
As such, it remains unknown whether social support in adulthood
can dampen risk for mortality regardless of when abuse occurred
in childhood and whether it operates through similar pathways.
Relatedly, our analyses focused on a single outcome, overall mortal-
ity, and it thus remains unclear against which disease(s) social sup-
port can mitigate in the context of abuse.

Childhood abuse increases risk for a variety of adverse health
outcomes across the lifecourse, including premature mortality>’.
Despite this general trend, there is a great deal of variability in the
sequelae of abuse, which suggests the presence of intervening factors
and processes that mitigate risks. The results of the current study
highlight self-reported social support in adulthood as a protec-
tive factor that buffers against the excess mortality associated with
childhood abuse. These findings suggest the possibility that adult
social support could be used as leverage for interventions seeking to
mitigate the adverse health consequences of childhood abuse, even
though the exposure itself may have occurred many decades previ-
ously. Indeed, there is preliminary evidence to suggest that strength-
ening family relationships can offset some of health consequences
of childhood socioeconomic disadvantage®.

Methods

Participants and procedures. Data for the current analysis were drawn from the
first wave of MIDUS. A sample of 7,108 non-institutionalized, English-speaking
adults of ages 25 to 74 were recruited from a nationally representative, random-
digit dialling sample in 1995-1996. Participants completed telephone interviews
and mail-in self-administered questionnaires that included assessments of
childhood abuse and current social support. Mortality data were then obtained
through October 2015. Institutional review boards at the University of Wisconsin
and Harvard Medical School approved all study procedures, and informed consent
was obtained from all participants by telephone. The majority (n=6,325; 89%)

of the 7,108 participants in the first wave of MIDUS completed both the phone
interview and the self-administered questionnaires. Of these, almost all (n=6,216;
98%) completed measures of social support and of at least one category of
childhood abuse. An additional 2.2% (7= 138) had missing data on demographic
information and other covariates, leaving a final analytic sample ranging from
6,071 to 6,078. Power analyses indicated that these were appropriate sample sizes
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for the present study. Given the proportion of participants who expired over the
follow-up period (17.1%), we estimated that a sample of 5,346 was necessary to
detect a moderate-sized interaction between social support and childhood abuse
(that is, a hazard ratio of 0.80), with statistical power of 0.80.

Measures. Early abuse. Questions on the childhood abuse scale used in MIDUS

I were drawn from the revised Conflict Tactics Scale* and probed three categories
of childhood abuse: severe physical abuse, moderate physical abuse and emotional
abuse. Each category was assessed with a single item on a 4-point scale (1 =often,
4=never/does not apply). For severe physical abuse, participants indicated
whether someone “kicked, bit, or hit you with a fist or tried to hit you with
something/beat you up/choked you/burned or scalded you”. Moderate physical
abuse included whether someone “pushed, grabbed or shoved you/slapped
you/threw something at you”, and emotional abuse included whether someone
“insulted or swore at you/sulked or refused to talk to you/stomped out of the
room/did or said something to spite you/threatened to hit you/smashed or kicked
something in anger”. Items were reverse coded such that higher scores reflected
more frequent abuse.

Each item was asked separately for mother, father, brothers, sisters and
anybody else. However, in line with previous research, we focused on abuse from
participants’ mother and father given that the most common perpetrators of
childhood abuse are parents and that abuse by parents may be the most egregious
violation of trust'**. As such, abuse scores were based on responses to a total of
six probes (emotional, moderate physical and severe physical, for both mother
and father). As in our previous analyses, abuse was coded as present if it happened
frequently—that is, when participants endorsed one of the items as happening at
least some of the time’.

Social support. MIDUS used 12 items from previous research to assess social
support from family (excluding spouse or partner), friends and spouse or
partner*. Four items were asked for each source, and included “how much

do they care about you”, “how much do they understand the way you feel about
things”, “how much can you rely on them for help if you have a serious problem”
and “how much can you open up to them if you need to talk about your worries”.
Participants responded to each item on a 4-point scale (1=a lot, 4=not at all).
Responses were reverse coded, such that higher scores indicated greater levels

of support, and averaged within each source of support. The scales had strong
internal consistency in the present sample, as indicated by Cronbach’s a (family
a=0.85; friends @=0.89; spouse/partner a =0.87). We focused on overall support,
and therefore averaged values across sources (overall a=0.90).

Mortality. Data on mortality were collected using several methods, including
National Death Index reports, tracing that included mortality closeout interviews,
and longitudinal sample maintenance, until October 2015. Survival times

for decedents reflected the number of years between the date when MIDUSI
self-administered questionnaires were returned and the date of death. Due

to confidentiality purposes, only month and year of death were documented;
consequently, the day for all deaths was set to the 15th day of each month. Survival
times for participants who were still living reflected the length of follow-up
censored at 31 October 2015.

Covariates. Statistical models included a panel of covariates that are known
contributors to premature mortality, and could plausibly confound its
association with abuse or support. These variables included sociodemographic
characteristics (age, gender, race/ethnicity and education level), health
behaviours (smoking and alcohol consumption), and major medical conditions
(history of heart disease, cancer and depression). Participants reported their
gender (0 =male, 1 =female), their date of birth from which age was computed,
the highest level of education completed (coded as less than a high school
diploma, high school degree, some college, college degree or some graduate
school, or master's or professional degree) and their race, which was dummy
coded into variables reflecting African American or other with European
Americans as the reference group. Single items with binary responses (yes/

no) assessed whether participants ever smoked cigarettes regularly (at least a
few cigarettes every day), ever consumed at least one alcoholic drink three or
more days a week, ever had heart trouble (heart attack, coronary artery disease,
heart failure, valve disease, hole in heart, angina, hypertension, arrhythmia,
heart murmur, or other) suspected or confirmed by a doctor, or ever had cancer
(breast, cervical, colon, lung, lymphoma/leukaemia, ovarian, prostate, skin,
uterine or other). Lastly, participants completed questions assessing depressed
mood, anhedonia and related symptoms in the previous 12 months from the
World Health Organization’s Composite International Diagnostic Interview’'.
Based on criteria specified in the third edition of the American Psychiatric
Association Diagnostic and Statistical Manual of Mental Disorders (DSM-
III-R)*, depression was coded as being present or absent. Criteria for major
depression included having depressed mood or anhedonia most of the day,
almost every day, and at least four other symptoms, including loss of interest,
energy or appetite, trouble sleeping or concentrating, and having feelings of low
self-worth or suicidal thoughts, for a period of at least two weeks™.
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Alternative explanations. To determine whether social support simply reflected
other protective factors associated with morbidity and mortality, we created a
psychological resources composite that included measures of positive affect,

sense of control over one’s life, and purpose in life. For positive affect, participants
indicated on a 5-point scale (1 =none of the time, 5=all of the time) how much of
the time during the past 30 days they felt cheerful, in good spirits, extremely happy,
calm and peaceful, satisfied, and full of life (¢ =0.91). Sense of control was assessed
along two dimensions: personal mastery (one’s sense of efficacy in pursuing and
achieving goals) and perceived constraints (beliefs that obstacles are beyond one’s
control). Mastery was assessed with four items from the Pearlin Mastery Scale’ and
perceived constraints were assessed with 8 additional items. Participants responded
on a 7-point scale (1=strongly agree, 7 =strongly disagree). Example items include
“what happens to me in the future mostly depends on me” and “what happens in
my life is often beyond my control”. Positively worded items were reversed coded
and responses across items were averaged (a=0.85). Lastly, purpose in life was
assessed with three items from the Ryff Scales of Psychological Well-Being™. Using
a 7-point scale (1 =strongly disagree, 7 = strongly agree) participants indicated

the extent to which they agreed with the following: “some people wander aimless
through life, but I am not one of them”; “I live life one day at a time and don't really
think about the future”; and “I sometimes feel as if I've done all there is to do in
life” (@=0.35). A principal components analysis of the measures in the resources
composite yielded a single component that explained 57.5% of the variance, with
loadings ranging from 0.52 to 0.65.

Analytic approach. A series of Cox proportional hazard models with standardized
continuous variables were estimated using Stata 14. We first determined whether
the proportional hazards assumption of Cox models was violated by formally
testing non-zero slopes between time and Schoenfeld residuals of predictor

and covariate variables™. The proportionality assumption was not upheld for

age (P=0.001) and cancer (P<0.001). As such, age by time and cancer by time
interactions were included as time-varying covariates in all models. Next, we
conducted primary analyses. Demographic characteristics (age, age X time, gender,
race and educational attainment) were entered in the first step, medical history
(heart problems, cancer, cancer X time, and depression) in the second step, and
health behaviours (smoking and alcohol use) in the third step. Main effects of
self-reported childhood abuse and self-reported social support were entered in the
fourth and fifth steps, respectively. Lastly, a product term reflecting the interaction
between participant-reported childhood abuse and social support was added in the
final step. To facilitate interpretation of significant interaction effects, we stratified
the sample according to self-reported presence of childhood abuse and estimated
the link between self-reported social support and mortality risk.

Less than 3% of data were missing for each of the variables included in
analyses. Because estimates are not likely to be biased when missing data occurs at
a rate less than 10%, imputation was deemed unnecessary. In performing analyses
for the present study, we have complied with all relevant ethical principles.

Life Sciences Reporting Summary. Further information on experimental design is
available in the Life Sciences Reporting Summary.

Code availability. Computer code supporting the present study’s findings are
available from the corresponding author upon reasonable request.

Data availability. The data on which the present study is based are publicly
available online from the Inter-university Consortium for Political and Social
Research at http://www.icpsr.umich.edu/icpsrweb/ICPSR/series/203.

Received: 4 August 2017; Accepted: 1 February 2018;
Published online: 5 March 2018

References

1. Norman, R. E. et al. The long-term health consequences of child physical
abuse, emotional abuse, and neglect: a systematic review and meta-analysis.
PL0S Med. 9, 1001349 (2012).

2. Wegman, H. L. & Stetler, C. A meta-analytic review of the effects of
childhood abuse on medical outcomes in adulthood. Psychosom. Med. 71,
805-812 (2009).

3. Finkelhor, D., Turner, H. A., Shattuck, A. & Hamby, S. L. Prevalence of
childhood exposure to violence, crime, and abuse: results from the National
Survey of Children’s Exposure to Violence. JAMA Pediatr. 169, 746-754
(2015).

4. Gilbert, L. K. et al. Childhood adversity and adult chronic disease: an update
from ten states and the District of Columbia, 2010. Am. J. Prev. Med. 48,
345-349 (2015).

5. Heim, C., Shugart, M., Craighead, W. E. & Nemeroff, C. B. Neurobiological
and psychiatric consequences of child abuse and neglect. Dev. Psychobiol. 52,
671-690 (2010).

6. MacMillan, H. L. et al. Childhood abuse and lifetime psychopathology in a
community sample. Am. J. Psychiatry 158, 1878-1883 (2001).

266 NATURE HUMAN BEHAVIOUR | VOL 2 | APRIL 2018 | 261-268 | www.nature.com/nathumbehav

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.


http://www.icpsr.umich.edu/icpsrweb/ICPSR/series/203
http://www.nature.com/nathumbehav

NATURE HUMAN BEHAVIOUR

LETTERS

10.

1

—_

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—

22.

23.

24.

25.

26

27.

28.

29.

30.

31.

32.

NATURE HUMAN BEHAVIOUR | VOL 2 | APRIL 2018 | 261-268 | www.nature.com/nathumbehav

Chen, E., Turiano, N. A., Mroczek, D. K. & Miller, G. E. Association of
reports of childhood abuse and all-cause mortality rates in women. JAMA
Psychiatry 73, 920-927 (2016).

Holman, D. M. et al. The association between adverse childhood experiences
and risk of cancer in adulthood: a systematic review of the literature.
Pediatrics 138, S81-S91 (2016).

Davidson, R. J. & McEwen, B. S. Social influences on neuroplasticity: stress
and interventions to promote well-being. Nat. Neurosci. 15,

689-695 (2012).

Luecken, L. J., Hagan, M. J., Wolchik, S. A., Sandler, I. N. & Tein, J. Y. A
longitudinal study of the effects of child-reported maternal warmth on
cortisol stress response 15 years after parental divorce. Psychosom. Med. 78,
163-170 (2016).

. Chen, E., Miller, G. E., Kobor, M. S. & Cole, S. W. Maternal warmth buffers

the effects of low early-life socioeconomic status on pro-inflammatory
signaling in adulthood. Mol. Psychiatry 16, 729-737 (2011).

Evans, G. W, Kim, P, Ting, A. H., Tesher, H. B. & Shannis, D. Cumulative
risk, maternal responsiveness, and allostatic load among young adolescents.
Dev. Psychol. 43, 341-351 (2007).

Miller, G. E. et al. Pathways to resilience: maternal nurturance as a buffer
against the effects of childhood poverty on metabolic syndrome at midlife.
Psychol. Sci. 22, 1591-1599 (2011).

Schofield, T. J., Conger, R. D., Gonzales, J. E. & Merrick, M. T. Harsh
parenting, physical health, and the protective role of positive parent-
adolescent relationships. Soc. Sci. Med. 157, 18-26 (2016).

Carroll, J. E. et al. Childhood abuse, parental warmth, and adult multisystem
biological risk in the Coronary Artery Risk Development in Young Adults
study. Proc. Natl Acad. Sci. USA 110, 17149-17153 (2013).

Lett, H. S. et al. Social support and coronary heart disease: epidemiologic
evidence and implications for treatment. Psychosom. Med. 67,

869-878 (2005).

Shor, E., Roelfs, D. J. & Yogev, T. The strength of family ties: a meta-analysis
and meta-regression of self-reported social support and mortality. Soc. Netw.
35, 626-638 (2013).

Bublitz, M. H., Parade, S. & Stroud, L. R. The effects of childhood sexual
abuse on cortisol trajectories in pregnancy are moderated by current family
functioning. Biol. Psychol. 103, 152-157 (2014).

Koe, A. S., Ashokan, A. & Mitra, R. Short environmental enrichment in
adulthood reverses anxiety and basolateral amygdala hypertrophy induced by
maternal separation. Transl. Psychiatry 6, €729 (2016).

Bredy, T. W, Zhang, T. Y., Grant, R. J., Diorio, ]. & Meaney, M. J. Peripubertal
environmental enrichment reverses the effects of maternal care on
hippocampal development and glutamate receptor subunit expression. Eur. J.
Neurosci. 20, 1355-1362 (2004).

. Kuhlman, K. R., Chiang, J. J., Horn, S. & Bower, J. E. Developmental

psychoneuroendocrine and psychoneuroimmune pathways from childhood
adversity to disease. Neurosci. Biobehav. Rev. 80, 166-184 (2017).

Slopen, N., McLaughlin, K. A., Dunn, E. C. & Koenen, K. C. Childhood
adversity and cell-mediated immunity in young adulthood: does type and
timing matter? Brain Behav. Immun. 28, 63-71 (2013).

Hill, P. L. & Turiano, N. A. Purpose in life as a predictor of mortality across
adulthood. Psychol. Sci. 25, 1482-1486 (2014).

Turiano, N. A., Chapman, B. P,, Agrigoroaei, S., Infurna, E J. & Lachman, M.
E. Perceived control reduces mortality risk at low, not high, education levels.
Health Psychol. 33, 883-890 (2014).

Steptoe, A. & Wardle, J. Positive affect measured using ecological momentary
assessment and survival in older men and women. Proc. Natl Acad. Sci. USA
108, 18244-18248 (2011).

Cohen, S. & Wills, T. A. Stress, social support, and the buffering hypothesis.
Psychol. Bull. 98, 310-357 (1985).

Tajima, E. A., Herrenkohl, T. I, Moylan, C. A. & Derr, A. S. Moderating the
effects of childhood exposure to initmate partner violence: the roles of
parenting characteristics and adolescent peer support. J. Res. Adolesc. 21,
376-394 (2011).

Muller, R. T., Goebel-Fabbri, A. E., Diamond, T. & Dinklage, D. Social
support and the relationship between family and community violence
exposure and psychopathology among high risk adolescents. Child Abus.
Negl. 24, 449-464 (2000).

Masten, A. S. Resilience in children threatened by extreme adversity:
frameworks for research, practice, and translational synergy. Dev.
Psychopathol. 23, 493-506 (2011).

Currie, J. & Widom, C. S. Long-term consequences of child abuse and neglect
on adult economic well-being. Child Maltreat. 15, 111-120 (2010).

Carr, C. P, Martins, C. M. S., Stingel, A. M., Lemgruber, V. B. & Juruena, M.
F The role of early life stress in adult psychiatric disorders: a systematic
review according to childhood trauma subtypes. J. Nerv. Ment. Dis. 201,
1007-1020 (2013).

Chen, E. & Miller, G. E. Socioeconomic status and health: mediating and
moderating factors. Annu. Rev. Clin. Psychol. 9, 723-749 (2013).

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Kouzis, A., Eaton, W. W. & Leaf, P. J. Psychopathology and mortality in the
general population. Soc. Psychiatry Psychiatr. Epidemiol. 30, 165-170 (1995).
Hazel, N. A., Hammen, C., Brennan, P. A. & Najman, J. Early childhood
adversity and adolescent depression: the mediating role of continued stress.
Psychol. Med. 38, 581-589 (2008).

McLaughlin, K. A., Conron, K. J., Koenen, K. C. & Gilman, S. E. Childhood
adversity, adult stressful life events, and risk of past-year psychiatric disorder:
a test of the stress sensitization hypothesis in a population-based sample of
adults. Psychol. Med. 40, 1647-1658 (2010).

Glaser, J. P, van Os, J., Portegijs, P. J. M. & Myin-Germeys, I. Childhood
trauma and emotional reactivity to daily life stress in adult frequent attenders
of general practitioners. J. Psychosom. Res. 61, 229-236 (2006).

Chiang, J. J., Turiano, N. A., Mroczek, D. & Miller, G. E. Affective reactivity
to daily stress and 20-year mortality risk in adults with chronic illness:
findings from the National Study of Daily Experiences. Health Psychol. 37,
170-178 (2018).

Miller, G. E., Chen, E. & Parker, K. J. Psychological stress in childhood and
susceptibility to the chronic diseases of aging: moving toward a model of
behavioral and biological mechanisms. Psychol. Bull. 137,

959-997 (2011).

Steptoe, A., Wardle, J., Pollard, T. M., Canaan, L. & Davies, G. J. Stress, social
support and health-related behavior: a study of smoking, alcohol
consumption and physical exercise. J. Psychosom. Res. 41,

171-180 (1996).

Thorsteinsson, E. B. & James, J. E. A meta-analysis of the effects of
experimental manipulations of social support during laboratory stress.
Psychol. Health 14, 869-886 (1999).

Wang, X., Cai, L., Qian, J. & Peng, J. Social support moderates stress effects
on depression. Int. . Ment. Health Syst. 8, 41-45 (2014).

Cundiff, J. M., Birmingham, W. C., Uchino, B. N. & Smith, T. W. Marital
quality buffers the association between socioeconomic status and ambulatory
blood pressure. Ann. Behav. Med. 50, 330-335 (2016).

Mills, R., Kisely, S., Alati, R., Strathearn, L. & Najman, J. Self-reported and
agency-notified child sexual abuse in a population-based birth cohort. J.
Psychiatr. Res. 74, 87-93 (2016).

Hardt, J. & Rutter, M. Validity of adult retrospective reports of adverse
childhood experiences: review of the evidence. J. Child Psychol. Psychiatry 45,
260-273 (2004).

Miller, G. E., Brody, G. H., Yu, T. & Chen, E. A family-oriented psychosocial
intervention reduces inflammation in low-SES African American youth. Proc.
Natl Acad. Sci. USA 111, 11287-11292 (2014).

Straus, M. A., Hamby, S. L., Boney-McCoy, S. & Sugarman, D. B. The revised
conflict tactics scales (CTS2): development and preliminary psychometric
data. J. Fam. Issues 17, 283-316 (1996).

Goodwin, R. D., Hoven, C. W., Murison, R. & Hotopf, M. Association
between childhood physical abuse and gastrointestinal disorders and migraine
in adulthood. Am. J. Public Health 93, 1065-1067 (2003).

Damashek, A., Nelson, M. M. & Bonner, B. L. Fatal child maltreatment:
characteristics of deaths from physical abuse versus neglect. Child Abus. Negl.
37, 735-744 (2013).

Schuster, T. L., Kessler, R. C. & Aseltine, R. H. Supportive interactions,
negative interactions, and depressed mood. Am. J. Community Psychol. 18,
423-438 (1990).

Walen, H. R. & Lachman, M. E. Social support and strain from partner,
family, and friends: costs and benefits for men and women in adulthood. J.
Soc. Personal. Relat. 17, 5-30 (2000).

Kessler, R. C., Andrews, G., Mroczek, D., Ustun, B. & Wittchen, H. U. The
World Health Organization composite international diagnostic interview
short-form (CIDI-SF). Int. J. Methods Psychiatr. Res. 7, 171-185 (1998).
Diagnostic and Statistical Manual of Mental Health Disorders 3rd edn
(American Psychiatric Association, 1987).

Kessler, R. C., Mickelson, K. D. & Williams, D. R. The prevalence,
distribution, and mental health correlates of perceived discrimination in the
United States.]. Health Soc. Behav. 40, 208-230 (1999).

Pearlin, L. I. & Schooler, C. The structure of coping. J. Health Soc. Behav. 19,
2-21 (1978).

Ryff, C. D. Happiness is everything, or is it? Explorations on the meaning of
psychological well-being. J. Personal. Soc. Psychol. 57, 1069-1081 (1989).
Grambsch, P. M. & Therneau, T. M. Proportional hazards tests and
diagnostics based on weighted residuals. Biometrika 81, 515-526 (1994).
Bennett, D. A. How can I deal with missing data in my study? Aust. NZ J.
Public Health 25, 464-469 (2001).

Acknowledgements

The MIDUS study was supported by the National Institute on Aging (P01-AG020166)
and the John D. and Catherine T. MacArthur Foundation Research Network. Authors’
efforts were supported by the National Heart, Lung, and Blood Institute (R01-HL122328
to G.E.M; F32-HL134276 to ].J.C.). The funders had no role in study design, collection
and analysis of data, manuscript preparation, or the decision to publish.

267

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.


http://www.nature.com/nathumbehav

LETTERS NATURE HUMAN BEHAVIOUR

Author contributions Additional information
JJ.C. and G.E.M. developed the study concept. J.J.C. conducted data analyses and Supplementary information is available for this paper at https://doi.org/10.1038/
interpretation under the supervision of G.E.M. ].J.C. and G.E.M. drafted the manuscript, $41562-018-0316-5.

and E.C. provided critical revisions. All authors approved the final version of the Reprints and permissions information is available at www.nature.com/reprints.

manuscript.
Correspondence and requests for materials should be addressed to J.J.C.
Competing interests Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in
peting pring gard to j
The authors declare no competing interests. published maps and institutional affiliations.
268 NATURE HUMAN BEHAVIOUR | VOL 2 | APRIL 2018 | 261-268 | www.nature.com/nathumbehav

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.


https://doi.org/10.1038/s41562-018-0316-5
https://doi.org/10.1038/s41562-018-0316-5
http://www.nature.com/reprints
http://www.nature.com/nathumbehav

natureresearch

[ ]initial submission [ ] Revised version  [X] Final submission

Life Sciences Reporting Summary

Nature Research wishes to improve the reproducibility of the work that we publish. This form is intended for publication with all accepted life
science papers and provides structure for consistency and transparency in reporting. Every life science submission will use this form; some list
items might not apply to an individual manuscript, but all fields must be completed for clarity.

For further information on the points included in this form, see Reporting Life Sciences Research. For further information on Nature Research
policies, including our data availability policy, see Authors & Referees and the Editorial Policy Checklist.

» Experimental design

1. Sample size

Describe how sample size was determined. Sample size calculations prior to data collection were not performed, as the
current study was based on secondary data analyses. However, as reported in the
manuscript, post-hoc power analyses conducted for the current analysis confirmed
that the sample size was sufficient.

=
Q
=3
C
=
@)
=
(D
W
()
Q
=
(@)
o
@
w
Q)
)
=
(@)
D
(%]
=
D
o
)
=
=
Q
(2]
(-
3
3
Q
=
=

2. Data exclusions

Describe any data exclusions. Individuals with missing data on any of the variables of interest were excluded
from analyses, as reported in the manuscript.

3. Replication

Describe whether the experimental findings were The current study is an observational study and replication with another sample
reliably reproduced. was not attempted.

4. Randomization

Describe how samples/organisms/participants were Because the current study did not employ an experimental design, randomization
allocated into experimental groups. did not apply.

5. Blinding
Describe whether the investigators were blinded to Because the current study did not employ an experimental design, investigators
group allocation during data collection and/or analysis. were not blind to group allocation.

Note: all studies involving animals and/or human research participants must disclose whether blinding and randomization were used.

o

Statistical parameters

For all figures and tables that use statistical methods, confirm that the following items are present in relevant figure legends (or in the
Methods section if additional space is needed).

n/a | Confirmed

|X| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement (animals, litters, cultures, etc.)

|X| A description of how samples were collected, noting whether measurements were taken from distinct samples or whether the same
sample was measured repeatedly

|:| A statement indicating how many times each experiment was replicated

|X| The statistical test(s) used and whether they are one- or two-sided (note: only common tests should be described solely by name; more
complex techniques should be described in the Methods section)

|X| A description of any assumptions or corrections, such as an adjustment for multiple comparisons
|X| The test results (e.g. P values) given as exact values whenever possible and with confidence intervals noted

|X| A clear description of statistics including central tendency (e.g. median, mean) and variation (e.g. standard deviation, interquartile range)

XOOO O X O [0

|:| Clearly defined error bars

See the web collection on statistics for biologists for further resources and guidance.




» Software

Policy information about availability of computer code

7. Software

Describe the software used to analyze the data in this Stata 14 was used to perform all data analyses.
study.

For manuscripts utilizing custom algorithms or software that are central to the paper but not yet described in the published literature, software must be made
available to editors and reviewers upon request. We strongly encourage code deposition in a community repository (e.g. GitHub). Nature Methods guidance for
providing algorithms and software for publication provides further information on this topic.

» Materials and reagents

Policy information about availability of materials
8. Materials availability

Indicate whether there are restrictions on availability of ~ No unique materials were used.
unigue materials or if these materials are only available
for distribution by a for-profit company.

9. Antibodies

Describe the antibodies used and how they were validated No antibodies were used.
for use in the system under study (i.e. assay and species).

10. Eukaryotic cell lines
a. State the source of each eukaryotic cell line used. No eukaryotic cell lines were used.

b. Describe the method of cell line authentication used.  No eukaryotic cell lines were used.

c. Report whether the cell lines were tested for No eukaryotic cell lines were used.
mycoplasma contamination.

d. If any of the cell lines used are listed in the database No misidentified cell lines were used.
of commonly misidentified cell lines maintained by
ICLAC, provide a scientific rationale for their use.

» Animals and human research participants

Policy information about studies involving animals; when reporting animal research, follow the ARRIVE guidelines

11. Description of research animals

Provide details on animals and/or animal-derived No animals were used.
materials used in the study.

Policy information about studies involving human research participants

12. Description of human research participants

Describe the covariate-relevant population The average age of participants was 46.78 (SD = 12.90). Approximately half (52.5%)

characteristics of the human research participants. of participants were female. The vast majority were of European descent (90.8%)
and reported obtaining a high school or higher degree (90.2%). Nearly a third
(32.6%) reported a history of heart disease or cancer, and/or depression in the
past year, and many had regularly smoked (51.2%) or consumed alcohol (41.6%) in
their lifetime.
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