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ARTICLE INFO ABSTRACT
Keywords: Background: Adverse Childhood Experiences (ACEs) have been associated with mortality risk in
Adverse childhood experiences adulthood. It is unclear, however, whether ACEs perpetrated beyond parents may be associated

Mortality risk

Adulthood with mortality risk, if the risk is accumulative or plateaus at a certain frequency, whether asso-
ulthoo

ciations differ dependent on ACE types, whether types interact with one another, or if observed
effects differ by sex.

Objective: To examine associations between ACEs and mortality risk.

Participants and setting: 6319 participants (age range 25-74 years, mean [SD] 46.91 [12.95] years;
51.6 % female) followed from 1995/96 to 2018 as part of the survey of Midlife Development in
the United States.

Methods: ACE variables were self-reported exposure to 20 ACE types from five categories: physical
abuse, emotional abuse, socioeconomic disadvantage, adverse family structure, and poor health
at age 16 years. Cox proportional hazards models were used to estimate mortality risk.

Results: ACEs were accumulatively associated with increased mortality risk in adjusted models
(HR = 1.033; p < .001, 95 % CI, 1.014-1.053). The association was linear. Only physical abuse
(HR = 1.05; p = .024, 95 % CI, 1.01-1.10) remained significantly predictive of increased mor-
tality risk adjusting for other types. No interaction by sex or amongst ACE types was observed.
Conclusions: ACEs may be cumulatively associated with increased mortality risk, such that each
individual ACE increases risk. Physical abuse may be an important ACE type within a mortality
risk context. Individual ACE types warrant further study as each type may have their own dif-
ferential impact on mortality risk.

1. Introduction

Adverse Childhood Experiences (ACEs) is a broad and evolving term that refers to a wide range of experiences that pose a threat to a
child's physical or psychological well-being (Anda et al., 2010; Anderson et al., 2018; Felitti et al., 1998; Oral et al., 2016; Van Niel
et al., 2014). ACEs can be viewed through the lifespan developmental perspective where exposure to adversity, particularly during
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sensitive developmental periods, can lead to neurobiological and structural changes in the brain (Anda et al., 2006; Heikkinen, 2010;
McLaughlin et al., 2014; Petruccelli et al., 2019). Indeed, ACEs are associated with an array of harmful outcomes in adulthood,
including drug and alcohol misuse, stroke, lung diseases, cardiovascular diseases, and cancer (Bellis et al., 2015; Brown et al., 2009;
Felitti et al., 1998; Godoy et al., 2021; Hu et al., 2021; Lopes et al., 2020; Petruccelli et al., 2019).

A recently published meta-analysis found that exposure to ACEs accounted for 15 % of all US deaths in one year (Grummitt et al.,
2021). Consistent with lifespan and accumulation models of health and disease, cumulative adversity has been reported to be asso-
ciated with mortality risk in some studies i.e., as adversity increases so too does mortality risk (Bellis et al., 2015; Brown et al., 2009;
Halfon et al., 2014; Johnson et al., 2020; Kuh & Shlomo, 2004). Most studies categorize number of ACEs (e.g., 2 ACEs vs. 0; 4 ACEs vs.
0, etc.), which leads to variable reporting of mortality risk (Bellis et al., 2015; Brown et al., 2009; Johnson et al., 2020). While this
approach supports the potential impact of multiple ACEs (presence of multiple different types of exposures) which frequently co-occur
(Brown et al., 2009; Kelly-Irving et al., 2013), it cannot, for instance, address whether the relationship is linear (each ACE accumu-
latively increases mortality risk) or polynomial (a point at which the risk plateaus) (Brown et al., 2009).

With respect to mortality risk, type of adversity as well as number of ACEs varies considerably across studies. More comprehensive
studies that assessed 11 or 12 ACEs have restricted outcomes by age (young adulthood or over 65 years) or have not directly measured
important factors such as abuse or socioeconomic status (SES) (Bellis et al., 2015; Johnson et al., 2020; Rod et al., 2020). While
adversities are related, and commonly co-occur (Dong et al., 2004), they are distinct experiences with potential differences in relation
to mortality risk. Similar to broader health outcomes, efforts to understand mortality risk associated with ACEs would benefit from
considering a wide range of related adverse exposures.

Research is beginning to disentangle the correlates and differential effects of different ACE types. A recent review of childhood
abuse and neglect and resulting mortality risk concluded that significant variability exists across studies and effects vary considerably
(D'Arcy-Bewick et al., 2022). While previous focus has largely been on parental abuse and neglect, theoretical and empirical support
exists for broader inclusion of adverse conditions experienced in childhood (Anda et al., 2010). Physical abuse, sexual abuse, low SES,
family conflict, parental divorce, and childhood mental illness have each been found to be significantly associated with mortality risk
in individual studies (Chen et al., 2016; Kennedy et al., 2016; Larson & Halfon, 2013; Ploubidis et al., 2021; Rod et al., 2020; Rogers
et al., 2021). One recommendation (D'Arcy-Bewick et al., 2022) has been to rigorously disentangle adversity experiences in future
research. Even in studies that have examined a range of adversity types, there is variation in what type of specific ACE, if any, may be
driving the associations. Some studies, for example, have found sexual abuse and physical abuse to be more strongly associated with
mortality risk (Jackisch et al., 2019; Rogers et al., 2021), whereas other studies have found family conflict or breakdown to be the most
important risk factors (Alm et al., 2019; Johnson et al., 2020; Pierce et al., 2020; Steel et al., 2020). Some evidence also exists for the
differential impact of severity of ACEs (e.g., moderate vs. severe abuse) on mortality risk (Chen et al., 2016). While abuse is reported to
be perpetrated predominantly by parents, most studies include parent-only abuses which excludes those who have been abused by
others (Chen et al., 2016; Rogers et al., 2021). Few studies have examined whether different types of ACEs affect mortality risk in
different ways and those that have, have produced varying results. Fewer still have explored how different types of ACEs may interact
with each other, and with resulting mortality risk. Additionally, there appears to be sex-specific differences in the literature, but this is
also unclear (Chen et al., 2016; Lee & Ryff, 2019). Female children generally appear to experience more ACEs than male children
(Baglivio et al., 2014; Felitti et al., 1998). Females also appear to be at greater risk of sexual abuse, while males appear more likely to
experience physical abuse (Baglivio et al., 2014; Dierkhising et al., 2019; Felitti et al., 1998). Furthermore, female adults (as compared
to males) have been reported in certain studies to be at increased mortality risk following physical (Chen et al., 2016; Wang et al.,
2023), emotional abuse (Chen et al., 2016), sexual abuse (Wang et al., 2023) in childhood. A review by the American Maternal
Mortality Review Community found increased rates of maternal death amongst those who had experienced ACEs including emotional,
physical, or sexual abuse, and household dysfunction (Kellerhals et al., 2023). Mortality risk has been reported for both sexes in further
studies, with females again reported as being at greater risk following specific ACEs; serious illness, war/natural disasters, and number
of events (Johnson et al., 2020). While various links between the sexes with a wide variety of mortality outcomes has been reported,
much of the relations are unclear and require corroboration (Chen et al., 2016; Lee & Ryff, 2019).

In this current study, we examined the association between ACEs and all-cause mortality risk during adulthood. We addressed the
above gaps by employing a comprehensive 20-item measure that incorporate ACEs (physical abuse, emotional abuse, disadvantaged
SES, adverse family structure, and poor health) perpetrated by individuals beyond parents while using data from a well-characterized
longitudinal cohort study to a) investigate the linear and polynomial associations on mortality risk, b) investigate individual ACE types
(both separately and simultaneously), and their unique, collective, and interactive associations with all-cause mortality risk in
adulthood, and c) to investigate possible sex differences in the association between ACEs and mortality risk. The rationale for
investigating each of the above arises from, firstly, the varying literature about the impact of cumulative ACEs and the question about
whether there is a point at which the impact plateaus. In other words, we sought to determine if there is a frequency of ACEs where the
risk doesn't increase any further due to the cumulative impact of a high frequency of ACEs. Secondly, to further the literature in this
area, it is important to investigate whether and how individual ACEs interact with each other and mortality risk. Finally, the in-
consistencies surrounding whether there are sex differences when it comes to ACEs and morality risk means further investigation and
clarification is warranted.
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2. Methods
2.1. Sample

Data was drawn from the first wave of the National Survey for Midlife Development in the United States (MIDUS) longitudinal
cohort study which included 7108 non-institutionalized, English-speaking adults aged 25-74 years living in the USA. Data was
collected between 1995 and 1996 from national random-digit-dialing and a subsequent self-administered questionnaire (for a detailed
data collection process for MIDUS see Radler, 2014). Of the 7108 participants, 89 % provided data for the sample included in this study
(N = 6319). At baseline, age ranged from 25 to 74 years (mean [SD] 46.38 [12.98]).

2.2. Measures

2.2.1. Adverse childhood experiences (ACEs)

Table 1 shows the items for the five categories of ACEs evaluated in this study: physical abuse, emotional abuse, disadvantaged SES,
adverse family structure, and poor health at age 16. Items (n = 20) were identified from the baseline survey of MIDUS that had
empirical and theoretical (Chen et al., 2016; Felitti et al., 1998; Morton et al., 2014; Turiano et al., 2017) relevance to the five cat-
egories of ACEs. Physical and Emotional abuse were measured using the Conflict Tactics Scale (Straus, 1979). Disadvantaged SES,
adverse family structure, and poor health at age 16 were self-report measures using either continuous rated responses (e.g., physical
health at age 16 ranging from 1 = poor, 5 = excellent) or dichotomous responses (parental divorce 0 = no, 1 = yes). Each item was
coded as a dummy variable (1 = exposure, 0 = no exposure). Items were summed for an overall ACEs score (range = 0-20) and within
each of the five categories of ACEs (see Table 1). For detailed information on how measures were handled including a table identifying
the distribution of ACEs scores, see Supplementary material.

2.2.2. Confounding variables

Confounding variables (Table 2) were included because of their relevance to ACEs and mortality risk (Chen et al., 2016; Turiano
etal., 2017). Age (in years), sex (female = 0, male = 1), education (highest level completed; range 1 [no school/some grade school]-12
[advanced degree), race (white = 0, 1 = black, asian or pacific islander, multiracial or otherwise identified), marital status (married =
0, separated/divorced/widowed/never married = 1), and chronic conditions (sum of reported doctor-diagnosed chronic medical
conditions, such as hypertension, cardiac disease, cancer, stroke, diabetes).

2.2.3. Mortality

Mortality data was obtained using National Death Index (NDI) reports combined with tracing/closeout phases as part of normal
longitudinal sample maintenance. Survival time was defined as years from baseline assessment to date of death. Living participants
(censored observations) had survival times that equaled the length of the follow-up. The most recent update for mortality data was
October 31, 2018. Detailed information on the methods of processing mortality data is in supplementary materials.

Table 1
Dimensions and definitions of ACEs.
Dimension Adversity Definition
Physical abuse Moderate physical abuse by mother, father, How frequently someone pushed grabbed, or shoved them (moderate); slapped;
sibling, or other threw something at; kicked, bit, or hit with a fist, hit or tried to hit with something;
Severe physical abuse by mother, father, sibling, beat; choked; burned or scalded them (severe)
or other
Emotional abuse Emotional abuse by mother, father, sibling or How often someone insulted or swore at them; sulked or refused to talk to them; did
other or said something spiteful; threatened to hit; smashed or kicked something in anger
Disadvantaged SES Family welfare, education level of head of Being in receipt of welfare or assistance for dependent children for a period of 6

household, being financially worse off than others ~ months or longer; head of household having less than a high school education; self-
reported financially worse off than other families

Poor health Physical health Self-reported poor physical health at age 16
Mental health Self-reported poor mental health at age 16
Adverse family Parental divorce Parents divorced in childhood; lack of father figure at home; death of parent during
structure Lack of father figure, parental death childhood
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Table 2
Descriptive statistics of the sample.
Variable n Deceased n Alive n Complete sample
(N =1281) (N = 5038) (N =6319)
Mean(SD)/% Mean(SD)/% Mean(SD)/%
Sex (% female) 1281 47.9 % 5038 53.7 % 6319 51.6 %
Age (years) 1281 59.73(10.77) 5038 43.66(11.33) 6319 46.91(12.95)
Race (white) 1254 91.6 % 4495 90 % 6249 90.3 %
Education (high school or higher) 1254 6.20(2.54) 5031 7.00(2.45) 6306 6.84 (2.49)
Marital status (married) 1281 62.2 % 5035 69 % 6316 65.7 %
Chronic Conditions 1276 3.27(2.83) 5026 2.18(2.28) 6302 2.40(2.44)
Childhood Adversity 1281 3.64(3.10)/89.5 % 5038 3.53(2.99)85.7 % 6319 3.55(2.56)/87.3
Physical Abuse (PA) 1273 1.25(1.74)/48.6 % 5017 1.23(1.61)/50.6 % 6290 1.23(1.64)/48.7 %
Moderate PA 1266 0.85(1.11)/46.1 % 5007 0.87(1.06)/51.2 % 6273 0.86(1.07)/50.3 %
Severe PA 1270 0.41(0.83)/24.8 % 5009 0.36(0.76)/23.4 % 6279 0.37(0.77)/23.7 %
Emotional Abuse 1268 1.01(1.17)/52.8 % 5008 1.2(1.19)/62.7 % 6276 1.16(1.19)/60.7 %
Disadvantaged SES 1281 1.06(0.83)/73.4 % 5038 0.78(0.83)/55.4 % 3619 0.83(0.83)/59.1 %
Adverse family structure 1281 0.27(0.57)/20.3 % 5037 0.23(524)/18 % 6318 0.24(0.53)/20.1 %
Poor health at 16 1281 0.8(0.31)/7 % 5038 0.11(0.353) 9.1 % 6319 0.10(0.35)/8.7 %

2.3. Statistical analyses

Statistical analyses were conducted using RStudio (2020) and Statistical Package for Social Sciences, version 28 (IBM, 2021). Cox
proportional hazards models were used to calculate hazard ratios (HRs) and 95 % confidence intervals (CIs) to estimate the risk of
death to consider time-to-event, including those reported as alive (censored). Schoenfeld Residual Analysis was conducted to assess the
assumption of proportionality. To assess linearity, both Martingale and Deviance Residuals were assessed. These analyses revealed a
potential violation of proportionality by age (X2 = 19.94, df = 1, p < 0.001). The relationship between age and mortality varied across
time. Therefore, in accordance with the interaction method when a potential violation of the assumption occurs (Allison, 2010;
O'Stilleabhain et al., 2021), all models included an interaction term for age and survival time as a confounding variable for age.

Age, and individual ACE counts were centered to aid interpretations. Examination of chronic conditions revealed several extreme
outlier observations (n = 7). Winsorizing was employed to limit the number of chronic conditions to 13 which was deemed to represent
closest observation to the frequency observations and not deemed suspect for the sample size (Dixon & Yuen, 1974). To ensure
winsorization did not alter estimates significantly, main analyses were conducted with chronic conditions winsorized at both 12 and 14
(Dixon & Yuen, 1974; O'Stilleabhain et al., 2021). Results did not differ. Modification of all hypothesized associations was also
investigated by sex (Chen et al., 2016; Lefevre et al., 2004).

To statistically adjust for the increased error rate due to the increased number of statistical tests associated with the individual ACE
types and two-way interaction terms, False Discovery Rate analyses (FDR) was employed (Benjamini & Hochberg, 1995; Glickman
etal., 2014). We performed FDR analyses with a particular view to assess significant predictor variables that were deemed close to the
critical level (p = .05) or HRs with CIs ranging below and above 1 to account for the possibility they could be the result of Type I error.
FDR controls for Type 1 error for multiple tests without significant inflation in Type II error and is particularly useful in early-stage or
discovery phase research (Glickman et al., 2014). See sTable 1 in supplementary materials for FDR analyses.

A first set of Cox regression analyses were run to estimate the effects of ACEs on mortality risk. In model 1, ACE score was tested as
predictor of mortality controlling for sociodemographic factors (age, sex, race, education, marital status) (Turiano et al., 2017). Model
2 added chronic conditions (O'Stilleabhain et al., 2021). Model 3 tested the polynomial association between ACEs and mortality risk.
Model 4 tested whether the association varied by sex.

A second set of Cox regression analyses were estimated to examine each category of ACE. Model 5 tested each ACE category
separately, controlling for the confounding variables as in Model 2. Model 6 tested all five ACE categories simultaneously. Additional
analyses tested physical abuse severity (1: Moderate, 2: Severe) individually and with the other ACEs. Model 7 tested an interaction
between sex and each ACE category. Exploratory analysis (termed Model 8) tested interactions between types of ACEs, with each
interaction being tested individually.

3. Results
3.1. Study sample

Of the 6319 individuals included in the study, 12.7 % (n = 805) reported 0 ACEs, and 87.3 % reported experiencing at least 1 ACE
or more (M = 3.23, SD = 2.56). The median number of reported ACEs was 3 (range = 0-17). During the follow-up that ranged from 0.8
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Table 3

Cumulative ACEs and mortality risk.
Variable Model 1 Model 2 Model 3 Model 4

HR[95%CI] HR[95%CI] HR[95%CI] HR[95%CI]

Age 97.52 [81.06-117.32]*** 95.06[78.91-114.52]*** 95.02[78.91-114.52]*** 133.14 [109.60-161.72]***
Sex 1.25[1.11-1.40]*** 1.30[1.15-1.46]*** 1.30[1.09-1.55]** 1.03 [0.92-1.16]
Race 1.12[0.916-1.28] 1.14[0.93-1.40] 1.14[0.93-1.40] 1.14 [0.92-1.40]
Education 0.96[0.94-0.99]** 0.97[0.94-0.99]** 0.97[0.94-0.99]** 0.99 [0.97-1.02]
Marital status 1.16[1.03-1.31]* 1.14[1.01-1.29]* 1.14[1.01-1.29]* 0.91 [0.81-1.03]
Chronic conditions - 1.07[1.04-1.10]%** 1.07[1.05-1.10]*** 1.04 [1.02-1.07]***
ACE x sex - - 1.00[0.96-1.04] -
ACE (Quadratic) - - - 1.00 [0.99-1.004]
Cumulative ACEs 1.04[1.02-1.06]*** 1.03[1.01-1.05]*** 1.03[1.01-1.06]* 1.04 [0.99-1.09]

Note. HR = Hazard Ratio, CI = Confidence Interval, p = significance level; *** p < .001; ** p < .01; * p < .05

to 23.84 years, 1281 (20.27 %) subjects died. The mean survival time for deceased individuals was 12.44 years (SD = 5.92; range =
0.08-22.97 years).

Chi-Square tests revealed that those in the deceased group were more likely to be male (X? = 14.0, p < 0.001) and unmarried (X? =
21.2, p < 0.001). Between-subjects ANOVA indicated a significant difference in mean age (F (1,6317) = [2095.3], p < 0.001, R =
0.25) and education (F (11,6294) = [15.0], p < 0.001, R’ = 0.03), such that the deceased were more likely to be older and have a lower
level of education. ACE scores did not differ between those deceased or alive (p = .219).

3.2. ACEs and all-cause mortality

Table 3 reports the Cox regression analyses for overall ACE score and all-cause mortality. Controlling for sociodemographic factors,
every additional ACE was associated with a 4 % increased risk of mortality (Model 1), which was only slightly attenuated adjusting for
chronic conditions (Model 2). The association was not moderated by sex (Model 3). The polynomial (quadratic effect) was not sig-
nificant, which indicated that the association between ACEs and mortality risk appears to be a linear association (Model 4).

3.3. Individual ACE type and all-cause mortality

Entered individually (Model 5), emotional abuse, physical abuse, and SES disadvantage (Table 4) were significantly associated with
increased mortality risk. When treated separately, moderate physical abuse and severe physical abuse significantly predicted mortality
risk. When all five types of ACEs were entered simultaneously, only disadvantaged SES and physical abuse remained significant (Model
6). Severe physical abuse (excluding moderate and overall physical abuse) also remained significant when entered into the model with
the other five ACEs. FDR analyses suggested that severe physical abuse did not reach critical significance value, nor did disadvantaged
SES, indicating caution around rejecting the null hypothesis. No interaction effects for sex were found for any ACE category (Model 7;
sTable 2). Exploratory analyses of interaction effects between ACE type found one significant interaction (disadvantaged SES and
adverse family structure) that did not reach the critical FDR threshold for statistical significance (Model 8; sTable 3).

Table 4
ACE types predicting mortality risk.
Variable Model 5 Model 6
HR[95 % CI] HR[95 % CI]
Physical abuse 1.06[1.03-1.10]*** 1.05[1.01-1.10]*
Moderate physical abuse 1.08[1.03-1.14]** 1.051[1.01-1.10]
Severe physical abuse 1.12[1.04-1.20]** 1.085[1.00-1.18]*
Emotional abuse 1.06[1.01-1.11]* 1.01[0.95-1.08]
SES 1.10[1.03-1.19]** 1.08[1.00-1.171*
Family factors 1.02[0.93-1.13] 0.99[0.90-1.08]
Health at 16 years 0.90[0.75-1.08] 0.87[0.72-1.04]

Note. HR = Hazard Ratio, CI = Confidence Interval. Model 5 includes confounding age, sex, race, education, marital
status and chronic conditions. Each row is a different model so that each type of adversity is tested separately from the
other types of adversity. Model 6 includes the same confounding variables but also includes all the types within a
single model to test the unique predictive ability of each adversity type, while controlling for all other types. Levels of
physical abuse (total, moderate, severe) were added to the model separately. When both levels of physical abuse
(moderate, severe) were added into the full model, neither were significant. *** p < .001; ** p < .01; * p < .05.
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4. Discussion
4.1. Cumulative ACEs and mortality risk

We found that ACE score was associated with an increased risk of all-cause mortality in adults. This association remained after
controlling for confounding variables. The results suggest that each increase of 1 ACE (in a comprehensive measure of 20) was
associated with an estimated 3.3 % increase in mortality risk. We also investigated the possibility of a polynomial association to
determine if mortality risk plateaus with increasing number of ACEs. The results did not support such an association. This finding adds
to the broader literature suggesting the burden of ACEs on morbidity and mortality is predominantly a cumulative effect of exposure to
multiple adversities (Anda et al., 2010; Bellis et al., 2015; Epel & Prather, 2018; Felitti et al., 1998; Hoffmann, 2016; Toft et al., 2018).
Felitti et al.'s original ACE study indeed found a graded relationship between number of ACEs and a range of health risk behaviors and
diseases such as cancer and heart disease (1998). More recent investigations into mortality risk have also suggested multiple adver-
sities pose a greater mortality risk in adulthood (Bellis et al., 2015; Rod et al., 2020). In contrast with our findings, however, Brown
et al.'s investigation into ACEs and mortality risk found no graded association in their study (Brown et al., 2009). Kelly-Irving and
colleagues found a graded relationship between ACE count and mortality risk but for females only (Kelly-Irving et al., 2013), as did
Chen et al. (2016) who found mortality risk increased with number of abuses experienced for females but not males. Reasons for the
differing results may be that most studies have tended to categorize ACEs e.g., ‘5 ACEs vs 0’, or ‘some abuse vs none’, which makes
testing linear and polynomial associations more difficult. Some of these studies also restricted the sample, for example, to over 50 years
of age (Kelly-Irving et al., 2013). Furthermore, given the association between sex (male/female) and mortality risk, many studies
stratify analyses by sex (e.g., Kelly-Irving et al., 2013) rather than testing by way of interaction effects. This may be one reason for the
differing results; we found no sex differences when we examined sex interactions with ACEs either cumulatively or individually.

4.2. Individual ACE types and mortality risk

Our study explored individual types of ACEs both simultaneously and individually. When considered individually, emotional
abuse, physical abuse (both moderate and severe), and disadvantaged SES were each significantly associated with increased mortality
risk. However, when all 5 categories were entered together, physical abuse (and separately, severe but not moderate physical abuse),
and disadvantaged SES remained significant; however, FDR analyses suggested caution with respect to SES. We found physical abuse
remained significantly associated with mortality risk, a finding that withstood FDR analysis. This finding replicates some prior studies
examining physical abuse in childhood and later mortality risk (Chen et al., 2016; Rogers et al., 2021). With regards to other adversity
categories, our findings did not replicate prior studies on specific adversity types and mortality risk. Nor have prior studies seemed to
replicate each other. For example, some studies have identified SES (Pudrovska & Anikputa, 2014; Rod et al., 2020) as a predictor of
mortality risk while others have not (Jackisch et al., 2019), and other studies have identified family relationships over other ACEs as
predictive of mortality risk (Alm et al., 2019; Steel et al., 2020). Reasons for these differences may be the interplay between over-
lapping adversities, mediating factors that may play a role in this relationship, and the demographics of the sample used. Again, others
have found differential effects based on sex (male/female) (Chen et al., 2016; Johnson et al., 2020; Lee & Ryff, 2019). Similar to our
study, however, Rogers et al. (2021) found no interaction effect for sex. It is possible that the ACE measurements in previous studies,
and the extent to which other ACEs were considered, explain the differences in findings. There is the possibility that the differential
impact of ACEs on mortality risk does not differ between males and females.

4.3. General implications

The findings in our study have potential implications for future public policy and health care. While there is a need for replication of
our findings, our study suggests that ACEs cumulatively impact individuals' mortality risk across adulthood, further adding to liter-
ature indicating the importance of preventing or reducing the impact of even one ACE. Physical abuse appeared to be particularly
important when considering mortality risk. In terms of policy, evidence shows that bans on corporal (physical) punishment have been
correlated with reduction in physical punishment rates (Zolotor & Puzia, 2010). Along with addressing ACEs more broadly, this study
indicates that addressing physical abuse may have a long-lasting impact across the lifespan.

While some members of society are more at risk of ACEs than others, they are common and span cohorts, cultures, and social
classes. This is particularly apparent considering the demographics of our study sample (predominantly white and well-educated). The
considerable number of adverse outcomes arising from childhood adversities highlights the scale of the problem and underscores an
urgency to address it. Organizations such as United Nations International Children's Emergency Fund (UNICEF) and the World Health
Organisation (WHO) aim to implement policy tackling ACEs as well as identifying ways to address and promote successful devel-
opment and aging across the lifespan (UNICEF, 2014; WHO, 2015, 2019, 2020). Prevention of ACEs can occur through enacting policy,
providing appropriate supports, and engaging screening processes. This study adds further evidence to the importance of addressing
ACEs, and the important role they have in mortality risk across adulthood. With replication and the uncovering of pathways explaining
these links, the generation of personalized interventions could lead to a decrease to premature mortality.

4.4. Strengths and limitations

There are several strengths to this study. Taken together, there are several aspects to our study that may explain the differences
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between our findings and other publications. Amongst others, our study incorporated a comprehensive measure of ACEs not previously
utilized. Our study also utilized a large sample followed for over two decades, ensuring considerable power to detect effects in addition
to incorporating abuse by siblings and others. Mortality data was verified via death registries. Our study included a comprehensive 20-
item ACE measure and included physical abuse by those other than parents. This is particularly important given the need to expand
ACEs to include abuse by others (Anda et al., 2010). There has been little previous emphasis on the examination of independent
associations for ACE types. To our knowledge, three studies have investigated independent associations; Lee and Ryff (2019) who
stratified analyses by gender, Rogers et al. (2021) who followed individuals up to 58 years of age, and Johnson et al. (2020) who
included only those aged 65 years or above. Our study was novel in its exploration of interactions between adversity types, and across
middle and later adulthood.

Limitations to our study must also be noted. Our sample was predominantly white and excluded those without a home at the time of
the baseline study. This leaves the study open to healthy survivor effect (survival bias) in that those who are at highest risk of adverse
childhoods as well as certain populations such as homeless, incarcerated, or at-risk marginalized or minority groups were either
excluded or significantly underrepresented (D'Arcy-Bewick et al., 2022). Importantly, those already deceased are also missing from
this study. In other words, possible participants who may uncover important relations would have been deceased before data collation
commenced. Our study relied on retrospective self-report measures of ACEs which may be subject to recall bias. However, there is
evidence that recalling certain adversities such as abuse appears relatively consistent over time and evidence exists for under-reporting
rather than over-reporting of historical adversities (Maughan & Rutter, 1997). Further evidence also reports that false positive
reporting is likely rare (Hardt & Rutter, 2004). In addition, although it is a limitation that the focus was on occurrence and did not
include timing, recall is reported to be better for occurrence of an event rather than timing, and false positive are mostly rare (Hardt &
Rutter, 2004). There are further ACEs that would also be critical to examine that were not available within the present data wave under
examination, such as exposure to various violence and sexual abuse. In line with the WHO definition of children, health at age 16 in our
study may have limitations without more robust assessment including health status at various points during childhood. While all-cause
mortality was examined due to reliability compared to cause-specific mortality status which may be related to aging processes
(Gerstorf et al., 2006), future research may benefit from examining specific causes (e.g., suicide). It would also be beneficial for future
research to examine relations across specific stages during the life course, in addition to employing other important confounding
factors.

5. Conclusions

Our findings suggest ACEs are cumulatively associated with increased mortality risk in adulthood. Physical abuse appears to be
robustly associated with increased mortality risk. The effects of individual types of ACEs warrant further exploration, particularly in
more diverse and representative samples. While ACEs can often overlap, it is important to investigate each distinct adverse experience
because of potential differential impact on mortality risk, and possible resulting intervention targeting.
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