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Abstract

Background.—Adverse Childhood Experiences (ACESs) consistently predict poor mental and
physical health as well as early all-cause mortality. Much work examines health harming behaviors
that may be used to cope with ACEs associated stress responses and dysregulation. Limited
research has been conducted assessing plant-based dietary intake on the ACEs and mortality
relationship. We investigate moderators of ACEs and mortality association including plant-based
dietary intake.

Objective.—Therefore, the purpose of this study is to examine if the association between ACEs
and early mortality is potentially moderated by plant-based dietary intake.

Participants.—An observational, prospective cohort study that included 9,301 Seventh-day
Adventists were assessed from 2006 to 2017 in the Biopsychosocial Religion and Health Study
(BRHS).

Methods.—We examined the potential impact of plant-based intake frequency on the ACEs and
all-cause mortality relationship, while adjusting for potential confounders (e.g., demographics,
health risks, mental and physical health) in a cox regression survival analysis.

Results.—ACEs were adversely associated with survival time (HR=2.76, 95% CI: 1.15-6.64).
Plant-based intake was associated with a reduction in the association of 4+ ACEs with early
mortality (HR = .73, 95% ClI: .59-.90) above and beyond demographics, animal-based intake,
physical health, mental health, BMI, exercise, and worship. We estimate that after 4+ ACEs, those
eating a high versus a low plant-based dietary intake may live 5.4 years longer.

Conclusion.—Plant-based dietary intake may potentially moderate the ACEs and early mortality
relationship; however, observational studies cannot determine causality.

Correspondence concerning this article should be addressed to Kelly R. Morton, Department of Family Medicine, 1200 California

Street, Suite 240, Redlands, CA 92354. kmorton@Ilu.edu.
Kelly R. Morton, Department of Family Medicine, Department of Psychology, Loma Linda University; Jerry W. Lee, School of Public

Health, Loma Linda University; and Rhonda Spencer-Hwang, School of Public Health, Loma Linda University.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morton et al.

Page 2

Evidence links Adverse Childhood Experiences with chronic diseases that ultimately
decrease lifespan by 9.5 to 13 years (1-4). Since the landmark Adverse Childhood
Experiences (ACEs) study (5), researchers have associated child abuse (physical,
emotional, sexual), neglect, and household dysfunction (caregiver mental illness, addiction,
incarceration, domestic violence) to chronic illnesses such as diabetes, depression, addiction,
cancer, chronic pulmonary disease, cardiovascular disease, obesity, and a shortened lifespan
(5-8). Many posit that the mechanism of action may be health harming behaviors such as
high calorie diet, sedentary behavior, smoking, and substance use to cope with dysfunctions
in the stress response system that eventually lead to even greater increases in systemic
inflammation and ultimately adverse health outcomes (1, 4, 9). Specifically, over or under
activation of the body’s stress response system related to dysfunctions in the Hypothalamic
Pituitary Adrenal (HPA) axis and Sympathetic Nervous System (SNS) can heighten threat
responses and negative emotions (2, 10, 11). Maladaptive coping strategies can be used

to compensate for these heightened negative responses. Such maladaptive strategies may
include a myriad of health risk behaviors (e.g., substance use, overeating foods with
saturated fats and sugars, sedentary lifestyle) to compensate for these faulty HPA axis
derived stress responses. Health-harming behaviors used in excess along with a faulty stress
response system may lead to inflammatory and metabolic comorbidities as well as early
mortality (12-14).

ACEs are associated with health risk behaviors, morbidity, and premature mortality (15-18).
However, it is not clear whether health promoting behaviors in response to ACES’ related
dysregulations can moderate the association of ACEs on mortality. For example, there

is evidence that religious engagement can lead to healthier lifestyle choices and thereby
buffer the association of ACEs with poor mental and physical health outcomes (19-23).
There is also evidence of bidirectional positive relationships between health behaviors like
diet and exercise and mental health (24-27). If risky health behaviors are associated with
poor mental health; it follows that better health behaviors could be associated with better
mental and physical health leading to greater longevity. Finally, there is evidence that
dietary intake patterns with higher levels of polyphenols (found in high concentrations in
plant-based foods) may buffer stress reactivity and depression after ACEs (28). Polyphenols
are posited to buffer oxidative damage following chronic stress by decreasing free radicals
(ROS-reactive oxygen species) that harm cells and ultimately erode health. Polyphenols in
plant-based diets likely have anti-inflammatory and antioxidant properties to protect cells
from the oxidative load created after ACEs dysregulate the HPA axis. Conversely, animal-
based dietary intake is linked to increased systemic inflammation. Meat consumption,
especially red meat, is associated with growth of specific gut microbiota that influence
Trimethylamine N-oxide (TMAO) production, a metabolite linked to systemic inflammation
(29), cardiovascular disease, and early mortality (30-32). Specifically, processed red meats
(ham, sausages, bacon, frankfurters, salami, etc.) that undergo treatments to preserve shelf
life (curing, smoking, salting, or chemical additives) are associated with a significantly
increased risk of chronic illness, cancer, cardiovascular disease, and early mortality in
metanalyses and cohort studies (33, 34).

In sum, ACEs are associated with HPA axis deficits and resulting stress reactivity linked
with increased risky health behaviors (e.g., inflammatory diet, sedentary lifestyle, obesity)
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which may be reasonable, short term coping strategies; however, chronic use is associated
with poor mental health, morbidity, and early mortality. In a Seventh-day Adventist
community, doctrinal belief encourages consumption of more plant-based foods which

may be health promoting after ACEs. Turning towards a high polyphenol/antioxidant rich,
plant-based diet may potentially moderate the HPA axis deficits to buffer the risk of early
mortality after ACEs. Less plant-based dietary intake may be associated with riskier intake
of calorie dense foods such as animal-based foods that may increase oxidative stress while
providing short-term stress regulation. Overall, ACEs are harmful to health across the
lifespan, however, there may be resilience behaviors associated with less harm. As such, the
present investigation tests the following hypotheses:

1. ACEs will be positively associated with early mortality in a sample of older,
Seventh-day Adventists.

2. The association of ACEs on early mortality will be moderated by plant-based
dietary intake.

3. Plant-based dietary intake will remain a significant moderator in the ACEs
and early mortality relationship after controlling for potentially confounding
variables including demographics, animal-based dietary intake, physical health,
mental health, exercise, BMI, and worship attendance.

Participants and Procedures.

The data were from the Biopsychosocial Religion and Health Study (BRHS), a substudy of
the Adventist Health Study-2 (AHS-2) cohort study that investigated lifestyle and health

in Black and White Seventh-day Adventists (SDAs; 35). The methods for the BRHS

are described in Lee, Morton (36). In brief, after IRB approval, the AHS-2 sampled
approximately 96,000 SDAs across Canada and the United States with a 50-page diet and
medical history questionnaire between 2001 and 2006. A random sample of approximately
21,000 of these participants were sent a 20-page, wave-one BRHS questionnaire in 2006-7.
Of the 10,869 who returned a completed questionnaire, 67.7% were female; 59.7% were
White, 34.1% were Black, and 6.2% were of another ethnicity. The proportion of each ethnic
group was the result of the baseline AHS-2 oversampling Blacks; we excluded the small
number of other ethnicities from further analyses. Including our control variables, we had
17 variables of interest and included only cases missing <10% of primary variables (ACEs,
plant-based dietary intake, animal-based dietary intake, kilocalories, age, mortality, age at
death, gender, ethnicity, education, difficulty meeting expenses for basic needs in the last
year and when under age 18 years, physical health, mental health, body mass index (BMI),
exercise, and worship attendance) resulting in 9,301 cases for analysis. We used 42 auxiliary
variables with cases that had <20% missing data for multiple imputation (e.g., variables
relating to all aspects of mental health, religious engagement, job stress and satisfaction,
marital quality, discrimination, alcohol consumption, smoking, physical illness symptoms
and comorbid conditions). The 1,568 participants excluded differed from those included as
being older, less educated, more likely to be female or Black, and having more difficulty
meeting basic expenses in the last year and when under age 18.
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Adverse Childhood Experiences (ACEs).—ACEs research has varied in the numbers
of ACEs categories included from seven to ten (5, 7, 37). Most researchers include

child abuse (psychological, physical, or sexual), neglect, and household dysfunction
(household substance abuse, parental mental illness, mother treated violently, family
member imprisoned, and parental divorce). Our ACEs assessment in BRHS wave 1 (2006-7)
omits parental mental illness and incarceration. Therefore, seven ACEs were assessed before
age 15 years: (a) psychological abuse (2 items; 38), (b) physical abuse (4 items; 38), (c)
sexual abuse before age 13 (1 item; 39), (d) living with a substance abuser (1 item; 5),

(e) family member treated violently (1 item; 40), (f) neglect (1 item; 38), and (g) parental
separation or divorce (1 item; 40). For each, a score of 1 was given if any response indicated
an ACE occurred; else 0. Specifically, if the Likert scale response on any item within the
ACEs category was rated as anything other than “Never”, the ACE was assumed to have
occurred and was counted as 1 in that particular ACEs category. This resulted in a 0-7-point,
ACEs score which we further categorized into zero, 1 to 3, or 4 or more. Researchers have
concluded that a typical cut point for negative consequences after ACEs is four or more (41)
since most report some form of trauma by adolescence (42).

Dietary Intake.—There were 13 questions related to dietary intake in BRHS (e.g., “Fruits
of any kind? Include frozen, canned or dried fruits, as well as raw or cooked fruits when they
are in season” and “Red meats (steak, hamburgers, sausage, organ meats, etc.)?” Individuals
rated how often they consumed each dietary component on an 8-point scale: Never or rarely,
1-3 times per month;, 1, 2 to 4, or 5 to 6 times per week, or 1, 2to 3, or 4+ times per day.
These items were factor analyzed using the program Factor—version 10.10.01 (43). Parallel
Analysis based on minimum rank factor analysis (44) suggested two factors which were
extracted using Robust Unweighted Least Squares, and rotated using Robust Promin (45).
Two independent dietary factors (r=-.26) emerged: (a) plant-based dietary intake including
fruits, vegetables, nuts, and legumes; and (b) animal-based dietary intake including turkey
or chicken, red meats, fish, and dairy (see Table 1 for factor loadings). For data analysis,

we computed factor scores using Ferrando and Lorenzo-Seva’s approach to Bayes’ expected
a posteriori estimation method (46). This created scale scores with a mean of 50 and a
standard deviation of 10. The Adventist Health Study-2 has a more extensive list of foods
they sampled in their 50-page nutrition and lifestyle questionnaire that were used to classify
individuals into five dietary pattern types--vegan, lacto-ovo vegetarian, pesco-vegetarian,
semi-vegetarian, and nonvegetarian (47). Since our participants had completed the AHS-2
questionnaire 0 to 6 years before completing the BRHS questionnaire, we used that earlier
classification to validate our factor scores. Table 2 shows the means on the plant-based
intake and animal-based intake factor scores for the five dietary patterns. All factor scores
are as expected—vegan, lacto-ovo, and pesco-vegetarians have scores on plant-based intake
above the mean of 50 and below the mean on animal-based intake, and pesco-vegetarians
eat more animal-based foods than the other two vegetarian types. Semi-vegetarians are

very close to the mean on both plant and animal-based intake while nonvegetarians are the
highest on animal-based dietary intake.
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We also used kilocalorie intake based on the AHS-2 diet reports as a control variable as
simply eating more food could artificially increase your scores on the intake variables. For
the cox regression analyses we divided this by 1,000 to make it easier to interpret the hazard
ratios and their confidence limits for kilocalories.

Mortality.—Participants were followed from the time of survey completion to death. All-
cause mortality and date of death were determined by matching personal identifiers with the
National Death Index through December 31, 2017. This information was converted into two
variables for use in Cox regression—a dichotomous variable indicating whether or not the
person had died and a continuous variable indicating age at death for those who had died.
There were 1,328 deaths and the mean age at death for those 1,328 was 81.8 years.

Control Variables.—In addition to demographic controls of gender (male, female),
ethnicity (Black, White) and difficulty meeting expenses for basic needs at two time
points, we also included five health risks: physical health, mental health, exercise, worship
attendance, Body Mass Index (BMI; kg/m?) based on self-reported height and weight.

Physical and Mental Health.: These two variables were composite variables calculated
from the 12 items of version 2 of the Medical Outcomes Study SF-12v2 quality of life scale
(48). This scale is widely used and has been validated across samples of adults (49-51).

Difficulty Meeting Expenses.: Based on Pudrovska, Schieman (52), individuals were asked
“On average how difficult was it for your family to meet expenses for basic needs like food,
clothing, and housing in each of the following time periods?” “When you were under 18”
and “In the last year.” Responses were Not at all, A little, Somewhat, Fairly, and Very.

Exercise Hours per Week.: Exercise was assessed with two items: (a) “How many times
per week do you usually engage in regular vigorous activities, such as brisk walking,
jogging, bicycling, etc., long enough or with enough intensity to work up a sweat, get your
heart thumping, or get out of breath?” (neverto 6 or more times/week), (b) “On average,
how many minutes do you exercise each session?” (NMoneto >1 hour). The number of
sessions was multiplied by the mid-point of each of the 8 time periods as in Singh, Tonstad
(53) and the resulting minutes divided by 60.

Religious engagement.: Worship attendance was based on a single item from the Duke
University Religion Index (54) rated on a 6-point scale (Neverto More than once/week).

Data Analysis.

Analyses were conducted with SPSS v27. Items likely to be correlated with key variables
were retained as “auxiliary” variables (55) and then multiple imputation was applied to
produce 5 imputed datasets.

The hazard of mortality at each age was regressed on the variables of interest using the Cox
proportional hazards model (SPSS COX). All variables in the final model were assessed
with respect to meeting the requirements of proportional hazard assumptions by checking
the log [-log(survival)] curves against the log time variable, and four variables violated
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this assumption: ethnicity, difficulty meeting expenses when the respondent was under age
18, ACEs, and worship attendance. The interactions of each of these variables with the
time-dependent covariate (e.g., proportional hazard of dying at each age) were included in
the Cox regression analyses to control for this violation. Additionally, all variables were
assessed for multicollinearity, prior to inclusion in the final models. Lastly, all confounders
and our exposure of interest variables are fixed across time because they are measured at a
single point in time in our study.

Description of Participants

The BRHS study cohort consisted of 9,301 individuals. Table 3 shows that in the 20062007
collection period the majority of our sample were female and White, about 60 years old, and
had no trouble meeting expenses in the last year. More reported having difficulty meeting
expenses in their family when they were under 18. They tended to report eating plant-based
more often than animal-based foods and more were overweight and obese than were normal
or underweight. About 90% attended worship services once a week or more.

Linear and nonlinear associations of ACEs with study variables.—In our sample,
49.5% reported at least one ACE, and 11.5% reported 4 or more ACEs. There were
significant differences in the study variables across the three levels of ACEs (see Table

3). Almost all the relationships were linear. In 2006—-2007 individuals with more ACEs
were younger, less educated, had more difficulty meeting expenses in the last year and
when under 18, lower plant-based intake but more animal-based intake and consumed more
kilocalories. As ACEs increased physical and mental health scores were lower and BMI
higher. However, two relationships were not linear and can be explicated by examining the
confidence intervals for each group and by examining the p value for quadratic effects.
Hours of exercise dropped from the zero to the 1 to 3 ACEs groups but then went up again
in the 4 or more ACEs group. There was also an interesting nonlinear pattern for worship
attendance. Attendance was basically the same for the zero and 1 to 3 ACEs groups but then
dropped for the 4 or more ACEs group.

Since there was a linear association of age with number of ACEs one possibility is that
many of the linear associations of ACEs with the other variables in table 3 were due to
confounding with age. Therefore, we tested all associations with ACEs after controlling for
age (not shown). Controlling for age slightly reduced the p value for the linear association
of plant-based intake with ACEs (from p=.001 to .029) however, with two exceptions,
controlling for age had no effect on the relationship of other variables with age. The two
exceptions were exercise and worship attendance; controlling for age eliminated any linear
association but strengthened the quadratic associations for these two variables. It should be
noted that controlling for age in the Cox regression we report in table 4 in the next section
would be inappropriate since in Cox regression the outcome variables are mortality and age
at death.
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ACEs, Mortality, and Healthy Diet

Table 4 reports three Cox regression models predicting mortality. For these analyses we
converted the T scores on plant-based intake, animal-based intake, physical health, and
mental health to standard deviation units with a mean of zero and standard deviation of 1.
This was done to make it easier to explicate the HR and HR confidence intervals across

the different models. While these transformations did not change the significance values,
they made it easier to see how the HRs for these variables differed from 1 where there was
a difference. Model 1 examines the demographic controls, ACEs, and main effects of the
two dietary intake factors. Higher education was protective; being male or having difficulty
meeting expenses in the last year were risks. Having four or more ACEs was associated with
a higher hazard ratio. Plant-based dietary intake was protective and animal-based dietary
intake was a risk.

Model 2 adds the interaction of ACEs and dietary intake. The relationships found in Model
1 were stronger. What is notable, however, is that there was an interaction of plant-based
dietary intake and having 4 or more ACEs potentially indicating the plant-based dietary
intake was protective (see Figure 1).

Model 3 adds four health risk controls that could be confounding variables in the association
we are testing. Physical and mental health and worship attendance were all associated

with a lower hazard ratio; however, worship attendance was associated with the smallest
hazard ratio. BMI was associated with a greater hazard ratio while exercise showed no
association with the hazard ratio. While adding these controls eliminated the association

of animal-based dietary intake with mortality risk, it is notable that these controls had no
effect on the association of plant-based dietary intake with ACEs or on the interaction of
plant-based dietary intake with ACEs in the reduction of the hazard ratio.

To better understand how the health risk controls were involved we did an additional
analysis adding the interactions of each health risk variable with ACEs (not shown). The
addition of these interactions did not appreciably change any of the relationships seen

in Model 3. Although the interaction of plant-based dietary intake with >4 ACEs hazard
ratio was reduced slightly it remained significant in the model after these five additional
interaction terms were entered—HR= .88, (95% CI: .81, .96), o =.005). The only significant
interaction of the four was with physical health and =4 ACEs (p = .033); better physical
health slightly reduced the association of >4 ACEs with mortality.

A Plant-Based Diet and Age of Death

To better understand how plant-based dietary intake related to actual age of death we

split the sample at below and above the mean (/mean=50) on plant intake and then, using
the generalized linear model, predicted mean age at death for high and low plant intake
versus three levels of ACEs. The results are in table 5. This analysis paralleled the analysis
for model two in table 4 but with the dichotomous categorical variable substituting for
plant intake. Since this analysis only included those who had died, the sample size and
power were considerably reduced. As ACEs increased the drop in mean age at death was
considerably more for those with low plant intake than for those with high plant intake.
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We carried out pairwise comparisons for each of the pair of means in Table 5 using the
sequential Sidak method to control for multiple comparisons. Examining just the means in
the low plant intake column, individuals with four or more ACEs died younger (73.2 years)
than those with 1 to 3 ACEs (78.5 years; p=.003) or those with no ACEs (82.4 years; p <
.001). None of the means in the high plant intake column differed significantly from each
other for age at death.

Discussion

Our models examine plant-based and animal-based dietary intake interactions with three
levels of ACEs exposure (none, 1-3 and 4+ ACEs). We concur with other researchers

that ACEs are associated with earlier mortality above and beyond demographic controls
(15). In a novel examination of dietary intake, our findings suggest that plant-based intake
may potentially moderate the ACEs and early mortality risk relationship. The interaction

of plant-based dietary intake with ACEs; even after adjusting for other known health risk
factors, potentially moderated the association of ACEs with early mortality in the most
vulnerable, =24 ACEs group. This finding suggests a possible resiliency pathway after early
trauma exposure though causality cannot be determined in an observational cohort study.
Much further research is needed to understand the mechanism that underlies this association.
Other variables also associated with plant-based dietary intake may also associated with the
study findings that were not controlled in the model tested.

These study findings contribute to our understanding of plant-based dietary intake as a
health behavior that may potentially moderate the association between early mortality and
four or more ACEs. Though other studies have found that ACEs do predict the risk of early
mortality (2, 4, 5, 16, 19) and obesity (10, 14); only one other study examined ACEs and
any fruit and vegetable intake (12). The current findings add to this literature by focusing
on diet as a health behavior after ACEs in association with early mortality risk in a large
observational cohort study. This study has several strengths including a large cohort of
Adventists from North America that allows findings to be generalized to other groups of
religious adults. In addition, we employed validated measures of each construct of interest.
Finally, we have standardized National Death Index data to track our outcome of mortality.

This study is driven by Felitti’s Adverse Childhood Experiences theory (5) that has
revolutionized research on childhood adversity exposures. Felitti posits that after ACEs

a survivor’s brain is structurally changed to disrupt neurodevelopment in the HPA axis
causing stress reactivity dysregulation that impairs psychosocial functioning (see ACEs
Pyramid of Lifespan Impact). Psychosocial impairments may then increase health risk
behaviors (high calorie diets, sedentary behavior, obesity, substance use) to cope in the short
term with mental health symptoms (6, 56). These health risk behaviors may be initially
adaptive, but overreliance can result in early morbidity and mortality (14). Two recent ACEs
research reviews posit that ACEs research has changed our conceptualization of trauma.

We recognize now that trauma is pervasive, has a dose response relationship with lifelong
negative outcomes, especially after four or more ACEs (41, 42). What is needed is further
work to explain the mechanisms that may underlie these relationships.
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We propose a possible inflammatory mechanism that derives from disruptions in the HPA
axis that could possibly be moderated by plant-based dietary intake. Though ACEs may act
synergistically (e.g., sexual abuse coupled with any other abuse has exponentially greater
harm than any ACE alone); protective factors are of interest to help us understand such
long term and distal outcomes as early mortality. We studied one potential protective factor,
plant-based dietary intake though there are clearly other potential protective factors that we
have not examined here.

Few researchers examine health behaviors after ACEs in relation to health outcomes. The
earliest paper on ACEs includes Felitti’s observations that Kaiser patients in a weight loss
program typically regained weight because they perceived their diet choices and resulting
morbid obesity as aiding in the management of emotional distress and social concerns after
child abuse during critical periods of development (57). Others have examined obesity,
comorbidities, smoking and substance use disorders after ACEs and conclude that health
risk behaviors follow ACEs in a dose response relationship particularly after four or more
ACEs (1, 2, 4,9, 12, 58-61). However, few examine specific diet intake behaviors in
relation to risks for early mortality after ACEs. Determining whether a health behavior

is associated with resilience after the ravages of ACEs related deficits could lead to cost
effective interventions. Since 11.5% of this sample reported four or more ACEs, such an
intervention could potentially be related to less health-related risks after ACEs for many
individuals. This investigation of this cohort of older Adventists who have low rates of
smoking (.6%) and alcohol use (3.8%) allows us to focus on dietary intake as a potential
resilience behavior associated with ACEs and mortality six to seven years later (excluding
participants who smoked or drank did not change the outcomes and are not shown). We go
beyond the typical examination of more than one fruit or vegetable a day and include overall
plant-based food intake. Plant-based food intake that is low in fat and sugar and high in fiber
could theoretically improve multiple health related factors including the gut microbiome,
oxidative stress, and inflammation and these factors should be examined further in future
research (62).

SDAs demonstrate longevity and our academic center is located in a “blue zone” of
longevity (63). SDAs like other denominations who attend worship services frequently live
longer than the general U.S. population (64). In addition, SDA doctrinal beliefs like some
other fundamentalist denominations promote healthy lifestyle choices including exercise,
worship attendance, and avoiding of substance use (65). SDAs also have a doctrinal belief
to avoid animal-based dietary intake and this makes them a unique study sample. The
findings here may most readily generalize to other religious groups; however, the efficacy
of plant-based dietary intake on moderating the association between four or more ACEs on
longevity should be examined in other non-religious samples that have a wider range of
dietary intake patterns (66).

These findings demonstrate that plant-based dietary intake be associated with the
relationship between ACEs and early mortality in the =4 ACEs group. Theoretically we posit
that plant-based intake may operate via polyphenols that may have antioxidant properties as
in our previous work (28). In the Tan et al. (1) study, we found that flavonoid consumption
mediated the relationship of ACEs and depression when stress reactivity was also high. The
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present study extends this work to examine ACEs, plant-based intake and early mortality and
suggests plant-based intake may be associated with stress reactivity, depression and a change
in the association between ACEs and early mortality risk. Support for this interpretation
includes the finding that plant-based intake remained significant after controlling for other
potentially correlated risks of early mortality including mental and physical health as well as
other lifestyle behaviors of exercise, BMI, and worship.

BRHS studies indicate mental health is associated with health behaviors like exercise, diet,
and religious engagement (25, 27, 67). It is established that ACEs likely disrupts both mental
health and health behaviors, however, in this model plant-based intake remained significant
in the ACEs and mortality model beyond controls for these accepted risk factors. Morton,
Lee (21) found that religious engagement in Adventists led to both mental health and
indirectly to plant-based intake to predict longevity. As such, how mental health, physical
health, and health behaviors (that may include religious engagement in some groups) is
associated with the ACEs and mortality relationship should be examined further.

This study is limited by the religious SDA and higher SES sample. Though this
observational cohort study allows us to focus our investigation on diet with the natural
controls of participants avoiding substance use, it may be less generalizable to nonreligious
and lower income populations. In addition, though this sample includes a wide range of SES
levels during childhood, the current higher SES levels of study participants may indicate
potentially easier access to plant-based foods than lower SES samples. Since, except for
mortality assessment, all variables are self-reported, our ability to make causal inferences
about these associations is limited. Also, such self-reports may include a social desirability
bias as well as a retrospective bias for ACEs reports that may be under or overreported
which may have weakened our associations (68). Other important variables may be missing
from the analysis that limit our understanding of the associations including racism and
community violence exposures. Further, we do not examine personality or other aspects of
the environment that may be important in determining who pursues a plant-based diet after
ACEs exposure and why. Though we do examine animal-based dietary intake, this sample
has a much lower animal-based intake than the U.S. population. In addition, SDAs may
have higher levels of plant-based intake which can restrict the range of intake. Therefore,
dietary intake relationships may be restricted, and the relationships may be stronger in other
samples.

Conclusions

Overall, these findings are promising and suggest plant intake may be associated with the
ACEs and early mortality risk relationship. We posit that plant-based dietary intake may
work by decreasing inflammation associated with ACEs exposure in the most vulnerable
group reporting four or more ACEs. Our findings, together with those of Tan, Morton

(28) suggest plant-based intake could have antioxidant properties associated with wear and
tear on the body. Future studies, especially dietary clinical trials, are needed to confirm
our findings and expand to include assessing for potential associations in other groups to
understand the link between ACEs, diet, mental health, and longevity.
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Highlights
. Adverse Childhood Experiences (ACEs) predict early mortality

. Plant-based dietary intake moderates the ACEs and early mortality
relationship

. After 4+ ACEs, those with high vs. low plant-based intake lived 4.6-6.3 years
longer

. ACEs and diet predict mortality after controlling for mental and physical
health
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Figure 1. Plant-Based Intake Moderates the Association of Adverse Childhood Experiences with

Mortality

Note. High and low plant intake factor score as one standard deviation above or below the

mean.

J Psychosom Res. Author manuscript; available in PMC 2022 December 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Morton et al.

Factor Analysis of Dietary Intake Components

Factor Loadings

Variable Plant Intake ~ Animal Intake
Other leafy green vegetables 0.77 0.09
Broccoli, cabbage, etc 0.69 0.11
Beans 0.51 -0.10
Nuts 0.49 -0.19
Fruits 0.48 -0.15
Turkey or chicken 0.02 0.88
Red meats -0.06 0.69
Fish 0.13 0.61
Dairy-based cheeses 0.06 0.37
Butter on bread 0.11 0.29
Vegetarian protein foods 0.21 -0.28
Soy milks 0.24 -0.38

Note: Extraction using robust unweighted least squares and rotated using robust promin (Lorenzo-Seva & Ferrando, 2019).
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Table 2

Relationship of current dietary intake factor score to primary diet determined from Adventist Health Study-2

measured 0 to 6 years earlier.

Plant Intake Factor Score (T Score) Animal Intake Factor Score (T Score)
95% ClI 95% ClI

Primary Diet Type N Mean Lower Upper Mean Lower Upper
Vegan 782 53.83 53.14 54.51 41.17 40.91 41.43
Lacto-ovo 2928 52.24 51.88 52.60 42.75 42.60 4291
Pesco 978 53.14 52.50 53.79 45.70 45.32 46.07
Semi-vegetarian 475 49.03 48.11 49.96 49.41 48.74 50.07
Nonvegetarian 4138 46.97 46.63 47.30 58.25 57.97 58.53
Total 9301 49.96 49.71 50.21 50.16 49.94 50.39

Note: Classification into the five diet types from Orlich and Fraser (47).
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Table 4.

Relationship of Diet and ACEs to Age at Death and Survival (Cox Regression)

Page 21

Model 1 Model 2

Demographics, ACEs & Diet + ACEs x Diet Interactions

Model 3

+ Lifestyle Controls

Hazard et Hazard mo Ll Hazard L
Ratio Lower  Upper p Ratio Lower  Upper p Ratio Lower  Upper p
Demographics
Male 131 1.16 149 .001 1.31 1.16 148 .001 1.44 1.28 1.63 .001
Black 2.36 0.94 598 .069 2.32 0.92 587 .075 3.11 121 8.01 .019
Education? 0.95 0.93 0.98 .001 0.95 0.93 0.98 .001 0.96 0.93 0.98 .002
Difficulty Meeting Basic
Needsb
Last year 1.14 1.08 122 .001 1.14 1.08 122 .001 1.10 1.03 1.17 .004
When under
18 0.97 0.92 1.02 .184 0.97 0.92 1.02  .192 0.96 0.92 1.01 .081
ACEs Contrasted with Zero ACEs
1to 3 ACEs 2.76 1.15 6.64 .023 2.93 121 7.08 .017 2.51 1.03 6.09 .042
4 or more ACEs 3.97 0.94 16.84 .061 2.95 0.66 13.21 157 2.22 0.49 10.03  .300
Diet
Plant Intake® 0.92 0.86 098 .017 0.86 0.79 0.94 .001 0.89 0.82 0.97 .006
Animal Intake® 111 1.04 118 .002 1.10 1.01 119 .025 1.02 0.94 111 .603
Thousand
Kilocalories 1.05 0.98 114 174 1.06 0.98 114 166 1.04 0.97 113 281
Diet x ACEs
Interactions
Plant Intake x
1to 3 ACEs 0.94 0.81 110 439 0.95 0.82 111  .540
24 ACEs 0.73 0.59 0.90 .003 0.74 0.60 091 .004
Animal Intake
x1to3
ACEs 0.90 0.79 1.03 .131 0.90 0.79 1.03 127
24 ACEs 0.89 0.72 111 299 0.87 0.70 1.08 219
Health risk controls
SF-12 Physical
Health® 081 074 087 .001
SF-12 Mental
Health® 092 08 100 .043
BMI 1.02 1.01 1.04 .004
Exercise (Hours
per week) 0.96 0.91 1.02 .146
Worship
Attendanced 0.45 0.30 0.68 .001

Note: In models 2 and 3 the ethnicity and ACEs variables violated the proportional hazards assumption. In model 3 worship attendance also
violated this assumption. Thus, in these analyses, we controlled how these variables modified the proportional hazard of dying across age.
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alzGrade Schoolto 9 = Doctoral Degree
b
1=Not at all to 5=Very
cStandard Deviation Units (Mean=0, SD=1)

d1= Never, 6=More than once a week
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Table 5.

Mean Age at death by Plant Intake® and Adverse Childhood Experiences (n = 1328)

Low Plant Intake (< 50) High Plant Intake (<=50)

95% ClI 95% ClI

Mean Lower Upper n Mean Lower Upper n

ACEs
None 82.4 81.1 838 268 82.6 81.3 83.9 365
1t03 78.5 77.1 799 290 793 77.9 80.7 292

4ormore 732 70.4 75.9 69 78.6 75.0 82.2 44

a . .
Plant intake was a factor score set as a T score with mean = 50 and SD = 10.

Note: Mean values are controlling for gender, ethnicity, difficulty meeting expenses in the past year and when under age 18, meat intake and
kilocalorie consumption.
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