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Abstract

Early life adversity has been linked to poor health, including obesity. Understanding the role of
unhealthy food intake, may elucidate the importance of self-soothing behaviors in explaining the
association between early life adversity and poor health in adulthood. The purpose of this study
was to assess the association between early life adversity and dietary quality in a sample of adults
from the Lifestyle Influences of Family Environment study. Early life adversity, demographic, and
dietary data were obtained for 145 participants using formal interviews and two days of
interviewer-administered 24-hour recalls. Dietary quality was measured using the 2015 Healthy
Eating Index (HEI) scoring algorithm to compute total and component scores. The association
between early life adversity and dietary quality was assessed through linear regression and in
models adjusted for age and sex. The mean + SD HEI score for all participants was 54.6 + 12.8.
Individuals with early life adversity had a 4.51 lower overall HEI score when compared to those
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without early life adversity, 95% CI (0.35, 8.68). After adjusting for age and sex, early life
adversity was associated with a 4.6 lower HEI score, 95% CI (0.45, 8.73). HEI component scores
indicated that individuals with early life adversity were significantly more likely to have lower
whole grain (0.7 versus 2.4) and total dairy (4.3 versus 6.1) scores compared to those without early
life adversity. ELA was associated with lower measures of dietary quality. Results warrant future
research on dietary and behavioral factors that underly the association between early life adversity
and poor health outcomes.
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1. Introduction

Early life adversity (ELA) such as parental loss and maltreatment has been linked to
manifold lasting negative effects on health and well-being (Felitti et al., 1998; Merrick &
Guinn, 2018; Metzler et al., 2017; National Center for Injury Prevention [NC1J], 2021). In
the United States (U.S.), up to 45% of children have experienced at least one form of ELA
(Sacks & Murphey, 2018). ELA is associated with adverse health outcomes like obesity
(Alvarez et al., 2007; Li et al., 2015; Mutlu et al., 2016; Richardson et al., 2013; Sokol et al.,
2018, 2019), the metabolic syndrome (Delpierre et al., 2016; Farr et al., 2015; Suglia et al.,
2018), and eating disorders (Imperatori et al., 2016; Nusslock & Miller, 2016); and these
adverse health outcomes are among the costliest in U.S. healthcare expenditures (Hruby &
Hu, 2015). Identifying modifiable mechanisms that underpin the burden of adverse health
outcomes becomes increasingly integral in assuaging U.S. healthcare financial costs.

The relationship between ELA and unhealthy dietary behaviors has been examined in
previous research (Abajobir et al., 2017; Gavrieli et al., 2015; Hemmingson, 2019; Hinchliff
et al., 2016; Isohookana et al., 2016; Jackson & Vaugn, 2019; Marques et al., 2019; Miller &
Lumeng, 2018; Non et al., 2018; Russell et al., 2019; Windle et al., 2018). Individuals with
ELA are more likely to have lower consumption of natural foods and higher consumption of
processed foods (Marques et al., 2019), to engage in “obesogenic” food intake (Abajobir et
al., 19; Hemmingson, 2019; Jackson & Vaughn, 2019), to choose ‘feel good’ foods over
whole foods (28), and to engage in risky dieting behavior (Hinchliff et el., 2016; Isohookana
et al., 2016). For example, one cross-sectional study found that individuals who engaged in
binge eating and endorsed “food addiction” (chronic and severe cravings for certain foods to
achieve pleasure or to gain relief), also reported significantly higher body mass index (BMI)
and increased severity of childhood trauma (Imperatori et al., 2016). Indeed, unhealthy
eating behaviors among survivors of ELA (Russell et al., 2019) may serve as a self-soothing
or “self-medicating” mechanism to manage negative affect and memories (Hemmingson,
2018; Nusslock & Miller, 2016).

Although the relationship between consumption of unhealthy foods and ELA has been
evaluated, most studies have used binary measures of dietary quality, collected dietary data
at a single time point, and/or focused on high-fat or obesogenic food consumption. In fact,
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only one study used comprehensive profiles of dietary composition, but did not use the most
updated 2015-2020 version of the Healthy Eating Index (HEI; Gavrieli et al., 2015). Thus,
in the current study, we examined dietary intake in a sample of adults with and without a
history of ELA. Using 24-hour dietary recalls and the 2015-2020 version of the HEI, we
aimed to provide a broader assessment of dietary intake to better understand adult dietary
patterns and quality related to ELA. To the authors’ knowledge, this was the first study to
employ 24-hour dietary recalls and the HEI to examine the relationship between dietary
intake and ELA. Knowledge of dietary mechanisms in adulthood will inform the
development of novel interventions, which may ultimately serve to ameliorate the
established burden of adverse health outcomes in populations affected by ELA.

2. Methods
2.1 Subjects

This study used data from a sub-set of the Lifestyle Influences of Family Environment study
(LIFE). Between 2014-2019, individuals were recruited through newspaper and internet
advertisements. The inclusion criteria were: 1) individuals aged 18-40 years, 2) individuals
without acute or chronic health conditions who were not taking daily medication other than
hormonal contraceptives, 3) individuals who were not currently breastfeeding or pregnant.
The ELA group was composed of individuals with a childhood history of maltreatment, with
or without a history of childhood parental loss (detailed description provided in the ELA
measure). Individuals without ELA had no childhood abuse, neglect, or parental loss, or
lifetime history of major psychiatric disorder. The LIFE study was approved by the Butler
Hospital Institutional Review Board.

The analytical sample was comprised of 145 participants, ELA (7= 71) and non-ELA (n=
74). One participant was excluded due to missing dietary data. Demographic, clinical, and
dietary information was collected across three visits through structured interviews and self-
administered questionnaires.

2.2 Measures and Methodology

2.2.1 Sociodemographics—Sociodemographic variables including sex, race, ethnicity,
education, income, and marital status were assessed categorically. Age was assessed as a
continuous variable. Due to the presence of students in the sample and the high collinearity
of education and income variables, highest completed level of education was considered as a
proxy for socioeconomic position (SEP) and was assessed categorically.

2.2.2 Early life adversity—The Childhood Experience of Care and Abuse (CECA;
Bifulco et al., 1994) is a semi-structured interview that assesses childhood parental loss and
the following types of maltreatment: physical abuse, sexual abuse, parental neglect, and
psychological abuse and antipathy. Inter-rater reliability ranges from .82 to 1.0, and
construct validity has been shown in two separate samples of adult sisters, with 84-94%
agreement for between-sister reports of the presence or absence of maltreatment (Bifulco et
al., 1994, 1997). Interviews and scoring were conducted by a trained interviewer, and scores
were independently reviewed by a second trained interviewer/scorer, with unclear cases
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discussed in a group format with consensus scoring. The ELA group in this study met the
criteria for at least moderate severity of at least one type of maltreatment occurring prior to
age 19. Parental loss was defined as death or desertion of a parent for at least 12 months
prior to the age 11 and during which time the child rarely had contact with the parent (less
than monthly). Additional parental separations that lasted for fewer than 12 months or
occurred after age 10 were also assessed and termed “Other Parental Separation”. The group
without ELA did not have any form of maltreatment or parental loss, except for one
individual who experienced intimate partner abuse. Table 1 provides detailed information
regarding ELA and non-ELA grouping.

2.2.3 Dietary Assessment—aDietary intake data were collected using the Automated
Self-Administered 24-hour (ASA24) Dietary Assessment Tool, versions 2014 and 2016,
developed by the National Cancer Institute (National Cancer Institute [NCI], 2017, 2019).
The tool was administered by an interviewer during participants’ second and third study
visits. At the time of visit 2, participants were asked to fast the night before starting at 8:00
PM for another aspect of the study. Eighty-six percent (n = 125) of participants reported two
days of dietary intake data (visits 2 and 3) and 14% (n = 20) reported one day of dietary
intake data (visit 2 or 3).

2.2.4 Healthy Eating Index—The Healthy Eating Index (HEI), which is defined by the
2015-2020 Dietary Guidelines for Americans (DGA), was calculated as a measure of dietary
quality (Kirkpatrick et al., 2018; NCI, 2019; Reedy et al., 2018; U.S. Department of
Agriculture [USDA], 2015). The overallHEI score, ranging from 0 to 100, indicates to what
extent an individual’s overall diet adheres to guidelines across 13 major dietary components.
Higher overall and component HEI scores indicate dietary quality that more closely matches
the DGA.

The HEI components are derived from various food groups and nutrients that are most
associated with health outcomes according to the DGA (USDA, 2015). The 13 components
are comprised of adequacy components as well as moderation components. The former
category consists of 9 dietary items, which the DGA encourages for consumption, including
total fruits, whole fruits, total vegetables, greens and beans, whole grains, dairy, total protein
foods, seafood and plant proteins, and fatty acids. The latter category consists of 4 dietary
items, which the DGA suggest are best consumed in moderation, including refined grains,
sodium, added sugars, and saturated fats (NCI, 2017, 2019; USDA, 2015). The most current
HEI integrates additional food and nutrient items associated with health outcomes such as
sodium and alcohol intake, by counting these calories as “empty” calories and increasing
total caloric intake without any added nutrients (Kirkpatrick et al., 2018; Reedy et al., 2018;
USDA, 2015). We examined both moderation and adequacy component HEI scores along
with total HEI scores in this study.

2.3 Statistical Analysis

Computation of HEI scores was conducted using SAS® software version 9.4 and publicly
available code (SAS Institute, 2019). For all other analyses, the statistical software 7,
version 3.6 was used (R Core Team, 2013). Descriptive statistics for sociodemographic
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variables were assessed for the overall sample and stratified by exposure group. For
categorical variables, demographic differences across exposure groups were assessed using
Fisher’s Exact Tests and Chi-squared tests. For normally distributed continuous variables,
differences were assessed using two-sample t-tests. For non-normal continuous variables,
Kruskall-Wallis rank sum tests were used. Differences were considered significant if they
were below a two-tailed significance level of p< 0.05.

Overall and component HEI scores were calculated using the HEI scoring algorithm (NCI,
2019). Since there were no differences in HEI scores comparing those with or without two
days of dietary data (p < 0.05), HEI scores were also used for individuals with a single day
of dietary data (14%). Since HEI component scores were highly skewed with scores tending
either towards the minimum or maximum values, Kruskall-Wallis rank sum tests were
employed to assess, and radar plots were used to visualize, effects for these variables.

Multiple regression was used to assess differences in overall HEI scores between groups and
the influence of potential confounders, age, and sex. The selection of covariates was
informed by published data on confounding factors (Hiza et al., 2013; Kirkpatrick et al.,
2018; Reedy et al., 2018). Established confounders were treated as candidate covariates for a
final model. Covariates for the first candidate model were race, ethnicity, age, sex, and
highest completed level of education. Only covariates with a predetermined p-value of < 0.2
were included in the final model. The predetermined p-value of < 0.2 was chosen to better
account for confounding. The utility of this value has been shown in previous studies
(Vittinghoff et al., 2011). Goodness-of-fit tests were used to assess model fit and efficacy. To
further assess the model fit, regression coefficient standard errors and confidence intervals
were re-estimated using the non-parametric bootstrap (Fox, 2002).

Sensitivity Analysis

Although most individuals who comprised the group without exposure to ELA did not have
any form of maltreatment or parental loss, one individual in this group reported intimate
partner abuse. Given the inclusion of this individual within the group without exposure to
ELA, a sensitivity analysis was conducted to assess the influence of this observation. The
analyses described above were replicated in a sample excluding this individual.

3. Results

3.1 Sociodemographic variables

Table 2 provides details about sociodemographic variables. The mean age was 27.7 (SD =
6.0; range = 18-40) years. Most of the sample was female (n= 107; 74%) and identified as
non-Hispanic and/or White (7= 103; 71%). In the main analyses and sensitivity analyses,
individuals with ELA were significantly more likely to report a lower completed level of
education and a lower income compared to the non-ELA group. There were no other
sociodemographic differences between the ELA and non-ELA groups.
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3.2 Dietary Outcomes

The entire sample had a mean overall HEI score of 54.6 (SD = 12.8; range = 22.3-84.6),
which is only slightly lower than the average overall HEI score of 59 for Americans (USDA,
2020). Figure 1 displays the overall HEI scores based on the two ELA groups. A crude
regression model indicated that having a history of ELA was associated with a 4.5 lower
average overall HEI score (95% (0.35, 8.68), p < 0.05). Covariates for the first candidate
adjusted model were race, ethnicity, age, sex, and highest completed level of education. The
covariates with p values less than 0.2 were age and sex. After adjusting for age and sex,
having a history of ELA was associated with a 4.6 lower average overall HEI score (95%
(0.45, 8.73), p< 0.05). Bootstrap estimated confidence intervals agreed closely with the
adjusted regression model. Table 3 provides details about multivariate analyses. Sensitivity
analyses produced similar results, although ELA-specific differences in overall HEI scores
were larger in both crude and adjusted models. In sensitivity analyses, crude models
demonstrated that ELA was associated with 4.8 lower average overall HEI scores (95%
(0.60, 8.93, p< 0.05). Adjusted models indicated that ELA was associated with 4.9 lower
average overall HEI scores (95% (0.75, 9.04), p< 0.05).

Table 4 provides details about mean HEI component scores. In both the main analyses and
sensitivity analyses, Individuals with ELA were more likely to have lower whole grain (0.7
versus 2.4, p< 0.05) and lower total dairy (4.3 versus 6.1, p < 0.05) component scores
compared to those without ELA. No other component scores differed significantly between
the two groups. Figure 2 displays the median component scores for the two groups.

4. Discussion

The objective of this study was to ascertain whether there are differences in dietary intake
between individuals with and without ELA. To our knowledge, this was the first study to
employ 24-hour dietary recalls and the most updated 2015-2020 version of HEI to assess
dietary intake in relation to ELA. Thus, the current study uniquely contributes to the existing
literature that has categorically assessed high fat and obesogenic food intake (Abajobir et al.,
2017; Hemmingson, 2018; Jackson & Vaughn, 2019) and shown an increased propensity for
unhealthy foods and an increased dietary intake of processed foods among individuals with
ELA (Marques et al., 2019; Russell et al., 2019). Although results from this study did not
find an association between ELA and high fat or obesogenic dietary intake, findings
quantitatively demonstrated differences in dietary components among adults with and
without ELA. Such differences may indicate possible mechanisms that underpin the
association between ELA and adverse health outcomes.

Our findings elucidate a meaningful association between overall dietary quality and ELA
and provide insight regarding dietary patterns (Kirkpatrick et al., 2018). Kirkpatrick and
colleagues (2018) recommend that the appropriate interpretation of HEI scores include total
scores to evaluate overall dietary quality and component scores to examine quality of foods
consumed. In the current study, differences in HEI component scores suggest that patterns of
lower intake of whole grains and dairy may drive the association between dietary intake and
ELA. Additionally, these two dietary factors worked in conjunction with the other 11 HEI
component scores to comprise overall HEI scores that were statistically significantly
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different between the ELA and non-ELA groups. Although both the ELA and non-ELA
groups had low dietary quality (i.e., overal/ HEI scores in the range of 0-59), our results
indicate an inverse relationship between ELA and overall dietary quality that is meaningful
and meets the criterion of an effect size of 0.5 (Kirkpatrick et al., 2018). Our results are
consistent with the one prior study that examined ELA with another version of the HEI
(Gavrieli et al., 2015). Moreover, overall dietary quality among individuals with ELA
appears to be driven by various dietary factors versus a single or small number of unhealthy
dietary habits, which fits with use of HEI as an overall assessment of diet quality. Also, the
difference in HEI between groups found in this our study match meaningful differences
found in other studies with morbidity and mortality outcomes. A recent study has illustrated
that 5-6-point differences in HEI scores are associated with better cardiovascular outcomes
(Brauer et al., 2021). Similarly, greater HEI scores are linked to reduced risk of all-cause
mortality, cardiovascular disease, cancer, and type 2 diabetes mellitus (Schwingshakl &
Hoffmann, 2015), all of which are linked to ELA (Felitti et al., 1998).

Differences in component HEI scores between ELA groups may not have emerged due to
Type 2 error, or our modest sample size. To further elucidate the relationship between
dietary quality and ELA, future studies should include 24-hour dietary recalls for at least
two days, to allow a comparison to our study sample as well as account for the degree of
within-person or day-to-day variations. Indeed, the use of 24-hour recall data for the
calculation of HEI is preferred over the use of food frequency questionnaire data
(Kirkpatrick et al., 2018). However, the day-to-day variability of intake is different across
different types of foods, which may result in differences in validity between HEI component
scores. Moreover, dietary recall measures are subject to recall and reporting biases, which
may differ between a variety of food types and populations (Kirkpatrick et al., 2018). Given
marked associations between ELA and food insecurity (Chilton et al., 2015), eating
disorders (Imperatori et al., 2016), depressed mood, and risky dieting (Hinchliff et al., 2016),
day-to-day variability may be increased in populations with histories of early life adversity.
Although increased day-to-day variability among individuals with ELA may be expected,
overall HEI scores did not differ significantly between individuals with a single 24-hour
recall and individuals with 2 24-hour recalls in our sample.

The design of this study and its retrospective appraisal of ELA allowed us to investigate how
dietary behaviors may differ years after ELA has occurred. We also investigated how dietary
practices differ across two otherwise comparable groups, thereby reducing the potential for
omitted variable bias. By employing HEI scoring methodology, this study found a difference
in dietary practices among individuals with and without substantial early life adversity
within the context of the evidence-based 2015-2020 National Dietary Guidelines for
Americans (USDA, 2015).

The combined use of 24-hour recalls and HEI scoring allowed us to assess how closely the
dietary composition of each group matched evidence-based dietary guidelines. This
underscores the utility of the HEI scoring methodology in showing detailed dietary
differences between individuals with and without ELA. The focus of past studies on high fat
(Abajobir et al., 2017), obesogenic food consumption (Jackson & Vaughn, 2019), and binary
measures of dietary quality (Marques et al., 2019, Russell et al., 2019) along with the use of
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dietary measurements collected at a single time point limited the capacity of past studies to
obtain dietary measures that were representative of long-term dietary patterns. Through
repeated 24-h recall measurements in adulthood and HEI scoring methodology, this study
was able to partially address this limitation. Results from this study also suggest the utility
of the HEI as a measure to track the improvement or deterioration of diet in survivors of
ELA. This knowledge may serve to inform future studies seeking to attenuate the harmful
effects of ELA as they pertain to dietary composition.

The unique contributions of this study should be considered in light of some limitations.
First, given the retrospective appraisal of exposure to ELA, a causal link between ELA and
lower dietary quality cannot be definitively established from this study alone. Second, it is
not possible to extrapolate the findings of this study to other populations because of the
inclusion and exclusion criteria and how ELA was defined. Third, while 24-hour dietary
recall is a standard method, shortcomings of 24-hour recall data are well known (Kirkpatrick
etal., 2018; NCI, 2019; Reedy et al., 2018; USDA, 2015). Since 24-hour recalls are a
snapshot of usual dietary intake, two 24-hour recalls may not adequately describe the
variation present in an individual’s usual diet, especially variation in micronutrients and
specific foods (Reedy et al., 2018). Finally, the modest sample size of this study was a
limitation. In particular, a larger sample size may have enhanced our ability to detect
statistically significant differences in added sugars and refined grain HEI component scores.
Given ELA-specific differences in these components and marked associations between
obesogenic food intake and ELA (Jackson & Vaughn, 2019), it is clear that added sugars and
refined grains may be important contributors to unhealthy food intake among individuals
with ELA. Nevertheless, this study was unable to detect statistically significant differences
in these components.

Despite these limitations, our study used an in-depth, intensive interview of early stress, and
recruited individuals with a significant history of early stress compared with those with no
such early stress or lifetime trauma. Future research investigating the association between
ELA and dietary quality would benefit from longitudinal designs, repeated 24-hour recalls
over more than 2 days, and comprehensive measures of ELA. Moreover, technological
advancements may facilitate data acquisition in this domain, through methods such as
ecological momentary assessment of dietary intake.

Our results describe the association between ELA and overall dietary quality. However,
dietary quality is not adequately explained by ELA alone. There are other drivers of dietary
quality, such as limited access to healthy foods, cultural or ethnic differences (Mackenbach
etal., 2019), SEP (Chilton et al., 2015; Ghosh-Dastidar et al., 2014; Mackenbach et al.,
2019; Non et al., 2020), and social support (Non et al., 2020). Although these other factors
may themselves be driven by a history of ELA (Felitti et al., 1998; Metzler et al., 2017,
NCI1J, 2019), research describing the direction of the mechanisms by which this occurs is
scarce. Future research using longitudinal data that employs repeated measurements would
facilitate the identification of the direction of the relationships between ELA and health
outcomes. Furthermore, research that examines mediational factors influencing the
relationship between ELA and adverse health outcomes is essential to understand the nuance
of these relationships.
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Given the established association between proximity and cost of healthy foods and obesity
(Ghosh-Dastidar et al., 2014; Mackenbach et al., 2019), future studies might utilize
geographical measures and childhood socioeconomic position to evaluate access to healthy
foods, which could contribute to setting life-long eating habits. Measures of emotional
eating and resilience may also shed light on psychosocial factors that moderate the
association between ELA and dietary intake. Furthermore, increased efforts to include more
historically disadvantaged populations are needed in all fields of biomedical research. Such
inclusion may unravel the heterogeneity in the relationship between a history of ELA and
diverse patterns of dietary quality, adverse health outcomes, and mental health outcomes
across populations with diverse risk profiles (Chilton et al., 2015; Hiza et al., 2013;
Mackenbach et al., 2019; Office of Disease Prevention and Health Promotion, 2019).

In summary, findings from this study provide insight to the dietary patterns that underlie the
relationship between overall dietary quality and history of ELA by quantitatively
demonstrating dietary differences in adults with and without ELA.
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Figure 1.
Overall Healthy Eating Index scores by early life adversity status.
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Component Healthy Eating Index scores by early life adversity status.
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