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Abstract

Background: ACEs have a dose-response relationship with diabetes. The relationship between
ACEs and pre-diabetes is not well known and may represent an effective area for prevention
efforts.

Methods: Data from 1054 participants from two waves of the longitudinal MIDUS study were
used. Multivariate general linear regression models assessed the relationship between ACEs and
biomarker outcomes. Correlation tests and mediation models investigated the relationship between
ACE and pre-diabetes.

Results: Individuals reporting ACEs were statistically significantly more likely to have higher
BMI (1.13 (0.34-1.92)), higher waist circumference (2.74 (0.72—4.76)), elevated blood fasting
insulin levels (2.36 (0.71-4.02)) and higher insulin resistance (HOMA-IR (0.57 (0.08-1.06)).
BMI/waist circumference and insulin resistance did not maintain independent relationships with
ACEs once HOMA-IR was included in the dichotomized ACE model (p = 0.05 and p = 0.06,
respectively), suggesting the relationship between BMI and ACEs may be mediated by insulin
resistance.

Conclusions: These results represent one of the first studies to examine the differential impact
of ACEs on a diverse set of clinical pre-diabetes measures. Findings suggest sexual and physical
abuse, and financial strain during childhood are important factors associated with higher risk for
pre-diabetes, and should be considered during intervention development.

"Corresponding author at: Department of Medicine, Division of General Internal Medicine, Medical College of Wisconsin, 8701
Watertown Plank Rd, Milwaukee, W1 53226, USA. egedel@mcw.edu (L.E. Egede).

Authors’ contributions

LEE, RJW and JC conceptualized the study. JC was a major contributor in writing and interpreting the manuscript. EG analyzed and
interpreted the data in this manuscript. CM and NW were major contributors in writing the manuscript. RW and LE were major
contributors in interpreting the data in this manuscript. All authors read and approved the final manuscript.

Conflict of interest: Authors report no conflict of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Campbell et al. Page 2

Keywords
Adverse childhood experiences; Insulin resistance; Pre-diabetes; Body Mass Index; Longitudinal

1. Introduction

Adverse childhood experiences (ACES) represent a broad cascade of events occurring before
the age of 18, such as abuse, neglect, and family instability, that produce a state of chronic
stress throughout childhood and confer risk for poor health in adulthood.1=3 Well
documented as being predictors of adult morbidity and mortality,*-8 a single endorsement of
an ACE significantly increases risk for diabetes in adulthood, with risk increasing as number
of reported ACEs increases.1:910 A growing body of evidence supports the relationship
between overall ACEs and diabetes,®11.12 the cumulative impact of ACEs and diabetes,!3
and the differential impact of specific ACEs and diabetes.1214.15 However, less is known
about the mechanisms of influence, and how best to intervene to disrupt the impact of ACEs
on developing diabetes.? The ACE literature suggests that lifestyle, such as physical activity
and nutrition, play an important role in leading to adult morbidity.16 Specifically, obesity has
been suggested as a pathway between ACEs and diabetes.1> However, this has not been
examined in a pre-diabetic population. Additionally, little has been done to provide
clinicians with a model for treating patients who have ACEs and are at risk for developing
diabetes.?

Pre-diabetes is a widely unexplored area in the literature for understanding the impact of
ACEs on diabetes and may be an important area of emphasis for intervention in individuals
exposed to ACEs.1” Pre-diabetes is characterized by elevated glucose levels and is consistent
with a Hemoglobin Alc (HbAlc) ranging from 5.7-6.4%, fasting plasma glucose (FPG) of
100 mg/dL to 125 mg/dL, or oral glucose tolerance test (OGTT) of 140 mg/dL to 199
mg/dL.18 Additional risk factors for pre-diabetes include being overweight, being over the
age of 45, and family history of diabetes.1® While designation of pre-diabetes does not
necessarily determine a future diagnosis of diabetes, risk increases significantly, and little is
known as to whether ACEs serve to compound risk for pre-diabetes, ultimately leading to
diabetes. Li and colleagues recently examined whether exposure to ACEs significantly
predicts insulin sensitivity and glucose intolerance in a sample of adults and found that
among adults endorsing ACEs, greater insulin sensitivity was demonstrated among those
with ACEs compared to those without as measured by an OGTT, however individual ACE
categories were not explored.1’

As diabetes remains the 7th leading cause of death in the US, representing significant
economic burden and hospitalization,1% two important gaps in the literature warrant greater
attention: 1) the biological pathways and the latency period between exposure to ACEs and
diabetes development, and 2) the differential impact that individual ACEs have on insulin
sensitivity and diabetes related outcomes, i.e. are certain ACEs more detrimental to the
development of diabetes compared to others. Addressing these gaps will provide clinicians
and researchers with evidence to guide screening and response to ACEs in the healthcare
setting. Given the growing focus on trauma informed care,2° new information is needed to
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structure screening and treatment for individuals who experiences ACEs. Using a
longitudinal cohort of US adults, this study aimed to examine the impact of six ACE
categories on the development of pre-diabetes as measured by glycemic control, glucose
measures, insulin measures, and obesity markers.

2. Material and methods

2.1. Sample

Data was obtained from the first two waves of the longitudinal study “Midlife in the United
States: A National Longitudinal Study of Health and Well-Being” (MIDUS). MIDUS is
funded by the National Institute on Aging and is a publicly available dataset. The first phase
of dataset was initiated in 1995-1996. The first wave included 7108 participants between the
ages of 25 and 74 who completed telephone interviews and self-administered questionnaires
(SAQ). Participants were non-institutionalized adults from the contiguous US. Surveys
included questions that explored a wide range of demographic characteristics, personality
traits and behaviors. Participants from the first wave then participated in a second phase of
MIDUS from 2002 to 2004 during which biological and neurological data was collected
from 1054 participants. Individuals who accepted the invitation for collection of biologic
specimens during the second wave spent 24 h in one of three General Clinical Research
Centers, received a physical exam, collection of fasting blood samples, and a urinalysis in
the morning after an overnight stay. Biological measures collected as part of the MIDUS
wave 2 study included height, weight, waist circumference, waist to hip ratio, blood
pressure, hemoglobin Alc, blood fasting glucose levels, and blood fasting insulin levels.
Details of recruitment strategy, data collection methods, and detailed sample description
have been described elsewhere.23 MIDUS replaced missing values with respondents mean
value. When valid responses were not available responses were recorded as missing and, in
some cases, responses were imputed for missing data.24 The Institutional Review Board
provides a waiver to conduct this secondary data analysis using publicly available data.

2.2. Measures

2.2.1. Adverse childhood experiences—The ACE Study Questionnairel was used to
identify measures of adverse events experienced during childhood. The MIDUS study
collected information on a number of possible ACEs included in the Felitti et al definition of
ACE, as well as questions categorized by the MIDUS investigators as additional ACEs
surrounding family instability and financial strain. Therefore, a combined set of ACE
categories was created to include: emotional abuse, physical abuse, sexual abuse, substance
abuse by parents during childhood, family instability, and financial strain.

ACE categories included:

1. Emotional abuse. This item was derived from childhood family background
questions in wave 1 and Childhood Trauma Questionnaire (CTQ) completed by
participants at the biomarker collection.
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2. Physical abuse. This item was derived from childhood family background
questions and CTQ, as well questions regarding “ever physically assaulted”
before age 18 from wave 2 SAQ.

3. Sexual abuse. This item was also derived CTQ, and question regarding “ever
sexually assaulted” before age 18 from wave 2 SAQ.

4. Parental substance abuse. This item referred to substance abuse from a parent
during childhood and was derived from childhood background question “what
was the main reason father/mother was not working for pay during most of your
childhood years? — Alcohol or drug abuse”; additional items assessing this
category were derived from the CTQ questions “My parents were too drunk or
high to take care of me”; Wave 2 phone interview question “lived with alcoholic
during childhood” and “Ever parent drank caused problems” and “Ever parent
drugs caused problems”.

5. Family instability. This item was measured using the following questions: “Did
you live with both of your biological parents up till you were 16?”; “Who was
the male head of your household for most of your childhood”; “ever parents
divorced” before age 18 at wave 2 SAQ.

6. Financial strain. This item was derived from childhood background questions
regarding receipt of welfare; a mother or father having less than a high school
education for father; and; report of being ‘worse off’ than other families.

Each type of ACE was dichotomized. A count of reported ACEs was additionally created for
each individual to indicate the number of ACE categories the individual responded positive,
as commonly seen in the ACE literature.! Finally, a dichotomized ACE variable was created
to indicate yes if an individual responded positive to any of the six categories, and no if they
responded negative to all six categories.

2.2.2. Biological measures—Biological markers were taken from the second wave of
the MIDUS study. The following markers were selected for analysis and categorized based
on national recommendations:

1. Body mass index (BMI). BMI was categorized as underweight (<18.5), normal
(18.5 to <25), overweight (25.0 to <30), obesity (30.0 or higher), and morbid
obesity (40 or higher).2>

2. Waist circumference in centimeters. Waist circumference was categorized by sex.
For men: low (<94), high (94-<102), and very high (102 and greater. For
women: low (<80), high (80—<88), and very high 88 and greater).

3. Waist-to-hip ratio. Waist-to-hip ratio was categorized by sex. For men: ideal-very
low risk (<0.90), low risk (0.90-0.95), moderate risk (0.95-1.0), and high risk
(1.0 and greater). For women: ideal-very low risk (<0.70), low risk (0.70-0.80),
moderate risk (0.80-0.85), and high risk (0.85 and greater).

4, Systolic and diastolic blood pressure. Blood pressure was categorized as normal
(<120/<80 mm Hg), prehypertension (120-<140/<80 mm Hg), stage 1
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hypertension (140-<160 or 90-100 mm Hg), and stage 2 hypertension (=160 or
>100 mm Hg).26

5. Blood fasting glucose. Blood fasting glucose was categorized as normal (<100),
pre-diabetes (100-<126), and diabetes (126+).27

6. Blood fasting Insulin. Blood fasting insulin was categorized as normal (<8), low
risk (8-<12), moderate risk (12-<25), and high risk (25+).27

7. Insulin resistance. Insulin resistance (IR) was categorized as normal (<2), low IR
(2—<3), moderate IR (3-<5), and severe IR (5+).27 Insulin resistance (IR) was
determined using the homeostatic model assessment of insulin resistance =
HOMA IR calculated as a product of glucose (GO, mg/dL) and insulin (10, pU/L)
divided by the constant 405: HOMAIR = (GO0 x 10) / 405. HOMA-IR was a
precalculated variable provided in the publicly available dataset. Details of
variable calculations can be found through MIDUS ICPSR Codebook.21:22

8. Blood hemoglobin Alc. Blood hemoglobin Alc (HbAlc) was categorized as
normal (<5.7%), pre-diabetes (5.7%-<6.5%), and diabetes (6.5%+).27

2.2.3. Covariates—Covariates include gender (male, female), age group (34-49, 50-64,
65-84). Race was self-reported and categorized as white, black, and other for the purposes
of this analysis Educational level was dichotomized as high school diploma or less, higher
education, and household income (<25K, 25-<75K, 75K+). Marital status was dichotomized
as married and not married (included separated, divorced, widowed, never married, living
with someone).

2.3. Statistical analysis

Multivariate general linear regression models were used for each multiple correlated
dependent variable to assess the relationship between ACEs and the dependent variables
(biomarker outcomes). Each outcome was investigated relative to three ACE definitions: first
treating ACE as dichotomous; second as a continuous count of six ACE situations, grouped
itinto 0, 1, 2, 3, and 4+; and, third treating ACE as 6 separate category variables: emotional
abuse, physical abuse, sexual abuse, substance abuse, family instability and financial strain.
Univariate and multivariate GLM models were developed to test the unadjusted and adjusted
associations for ACEs on each outcome (BMI, waist circumference, waist to hip ratio,
systolic blood pressure, diastolic blood pressure, HbAlc, blood fasting glucose levels, blood
fasting insulin levels, HOMA-IR insulin resistance). The multivariate tests of the model
included ANOVA test for each outcome, MANOVA test for overall effect (all related
outcomes as a vector). Finally, we ran a series of correlation tests and mediation models
(following steps outlined by Baron and Kenny for mediation)28 for outcomes found to be
significant after fully adjusting for demographics, to investigate the relationship between
ACE and these outcomes with other biologic measures taken into account. All analyses were
performed using SAS version 9.4 (SAS Institute, Cary NC) with p < 0.05 was considered
statistically significant.
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3. Results

Table 1 displays sample demographics. The cohort for this study was 1054 individuals who
completed the initial wave of MIDUS, as well as the biological measures during the second
wave. ACE prevalence was high in this cohort with 68.1% endorsing at least one ACE. The
majority of the sample was women (54.7%), and most of the population was aged 50-64
(41.3%). This was a very homogenous sample with approximately 93% being White.

Table 2 displays unadjusted comparisons of biological markers. Mean BMI with no ACEs
was 28.33 + 5.36 (18.63-45.80), with ACEs the mean BMI had a significant increase to
29.57 + 6.26 (14.99-60.39) p = 0.0017. When examining BMI category by no ACEs versus
with ACEs, comparisons were statistically significant, p = 0.0131. Specifically, Obesity
increased from 28% among those with no ACEs to 35.4% with ACEs. Similarly, waist
circumference category Very High was statistically significant, no ACE was 47.16%, with
ACE 56.82%; p = 0.0133. Mean blood fasting insulin levels (ulU/mL) without ACE was
11.09 £ 8.56 (1-74), with ACE 13.57 + 13.65 (1-231); p = 0.0025. Blood Fasting Insulin
Levels category categorized as High Risk (25+) was 6.97% with No ACE, 11.28% with
ACE, p = 0.0051. Mean HOMA-IR Insulin Resistance without ACE was 2.92 + 2.94 (0.04—
26.93), with ACE 3.52 + 3.93 (0.18-53.73); p = 0.0129.

In the adjusted analysis (Table 3), the presence of an ACE was associated with an increase in
BMI (B = 1.13, 95% CI 0.34-1.92), increase in Waist circumference (f = 2.74, 95% ClI
0.72-4.76), increase in Blood Fasting Insulin (f = 2.36, 95% CI 0.71-4.02) and increase in
HOMA-IR Insulin Resistance (p = 0.57, 95% CI 0.08-1.06). When including categories of
ACEs in the model, physical abuse was associated with an increase in waist circumference
(B =2.78, 95% CI 0.04-5.52) and increase in blood fasting insulin levels (B = 2.52, 95% CI
0.25-4.79). Sexual Abuse was associated with an increase in BMI ( = 1.06, Cl 95% 0.00-
2.12). Financial Strain was associated with an increase in BMI (p = 0.97, 95% CI 0.15-
1.79), Blood Fasting Glucose levels (p = 3.50, 95% CI 0.05-6.95), Blood Fasting Insulin
levels (B = 2.00, 95% CI 0.27-3.74) and HOMA-IR Insulin Resistance (B = 0.67, 95% CI
0.15-1.18).

When investigating ACEs by count per individual, those with one ACE compared to those
with none was associated with an increase in BMI of 0.97 (95% CI 0.04-1.90) and increase
in Waist circumference of 2.62 (95% CI 0.24-5.00). Reporting two ACEs was associated
with an increase in Blood Fasting Insulin levels of 3.56 (95% CI 1.34-5.77) and increase in
HOMA-IR Insulin Resistance of 0.73 (95% CI 0.07-1.38), but no significant increase with
BMI. Reporting three ACEs was associated with an increase in BMI of 1.87 (95% CI 0.54—
3.20) and increase in Waist circumference of 3.67 (95% CI 0.28-7.06). Reporting four or
more ACEs was associated with an increase of BMI of 1.88 (95% CI 0.50-3.26), an increase
in Waist circumference of 3.86 (95% CI 0.32-7.39), an increase in Blood Fasting Insulin
levels of 4.13 (95% CI 1.23-7.04), and an increase in HOMA-IR Insulin Resistance of 1.17
(95% CI 0.31-2.03).

In the follow-up analyses to investigate outcomes significantly associated with ACEs after
adjustment for demographics, BMI and waist circumference were no longer significant once
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HOMA-IR was included in the dichotomized ACE model (p = 0.05 and p = 0.06,
respectively). Similar results were seen for ACE count with BMI and waist circumference no
longer significantly associated with ACE after inclusion of HOMA-IR (p = 0.06 and p =
0.27, respectively). While the correlation between BMI and waist circumference was high
(0.78) suggesting these outcomes may be similar, the correlation between BMI and HOMA-
IR was low (0.38), so loss of significance was not a result of collinearity and instead may
suggest mediation.

4. Discussion

Overall, in a longitudinal cohort of US adults, we found that compared to those without
ACEs, individuals reporting ACEs were more likely to have higher BMI, higher waist
circumference, elevated blood fasting insulin levels, and higher insulin resistance as
measured by HOMA-IR. This association was more significant with BMI, waist
circumference, and insulin levels than with central/abdominal obesity, blood pressure, or
elevated glucose levels. Of interest, BMI/waist circumference and insulin resistance do not
maintain independent relationships with ACEs once either factor is accounted for,
suggesting the relationship between BMI and ACEs may be mediated by insulin resistance.
Finally, among the individual ACE categories, experiences of sexual abuse were associated
with higher BMI; experiences of physical abuse was associated with increased fasting
insulin as well as waist circumference; and experiences of financial strain was associated
with higher BMI, increased fasting glucose, increased fasting insulin, and insulin resistance.

Overall, these results suggest that ACEs increase the risk of pre-diabetes through increased
BMI, increased waist circumference, and increased insulin resistance. These results are
consistent with existing literature suggesting obesity as an important factor when looking at
ACE exposure and adult morbidity.2%-34 Power and colleagues found that in a longitudinal
cohort overtime, not only were ACEs associated with increased BMI in adulthood, but
specific ACEs differentially accelerated BMI in adulthood compared to individuals who
never experienced ACEs.31 However, the timing of this relationship, and how it influences
outcomes over time is unclear. The current results suggest that the association of ACEs with
BMI and insulin resistance are not independent of each other, but rather represent important
factors within the pathway between ACEs and pre-diabetes in adulthood. In addition to its
association with obesity, chronic exposure to psychosocial stressors has been associated with
increased corticotropin-releasing factor (CRH) levels, consistent with chronic activation of
the HPA axis known to cause elevated cortisol levels and therefore increased insulin
resistance.3%:39

This is the first study to our knowledge to examine the independent relationship that six
ACE categories have on pre-diabetes characteristics, including BMI and waist
circumference. These results have important clinical, research, and public health
implications. Despite the evidence that the literature has provided on the relationship
between ACEs and diabetes, little is being done at the clinical level to provide a mechanism
for providers to actively screen and tailor treatment plans for adults with a history of ACEs.
This may be due in part to the limited training available for students, residents, and
clinicians regarding ACE screening at the clinic level .36 Existing screening procedures have
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been developed for primary and secondary prevention and take place at the prenatal and
pediatric level.37-38 While some concern has been raised regarding the lack of evidenced
based treatments available for ACE screening efforts,*0 as well as the sensitivity surrounding
the discussion of ACEs, as it relates directly to pre-diabetes and diabetes, screening would
allow providers to better understand patients who may be at increased risk for diagnosis and
complications and tailor existing treatment recommendations around risk. Bethell et al
recently reviewed methods for ACE assessment and found that population-based
surveillance as well as practice-based assessment is an acceptable method for ACE
screening.?! Glowa and colleagues recently pilot tested ACE screening across 3 primary care
clinics and found that screening for ACEs in the clinic setting is feasible and sensitivity to
questions was not found to be a barrier.42 Of note, this study found that ACE scores > 4 were
more predominate in patients being seen for chronic illness visits. Recognizing that ACE
score and exposure may accelerate the diagnosis of pre-diabetes, screening tools would
enable providers to tailor treatment plans to suit patients’ needs and minimize risk. In
addition, recognizing that specific types of ACEs may have a differential effect on outcomes
is important for designing and implementing screening. Dube describes the need for ACE
screening at the clinic level as a mechanism for detection that enables informed care, as
opposed to diagnosis of traumatic experiences.*3 Utilizing approaches such as detection
rather than diagnosis arms clinicians with the proper history and context for developing a
health risk profile. This level of comprehensive assessment provides the substrate for
tailored treatment plans and informed recommendations for care that may improve health
outcomes and lower utilization. This is particularly relevant as the ACE literature provides
overwhelming evidence for the dose-response relationship between ACE exposure and
diabetes as well as the cost utilization seen among individuals who endorse ACEs compared
to those who do not.3844 The current study provides new information for clinicians for
tertiary prevention by demonstrating the influence of ACEs at the pre-diabetes state and
suggests the need to intervene through screening procedures to actively prevent a diagnosis
of diabetes.

Additional research is needed to provide evidence for educating clinicians on screening
procedures and developing treatment interventions for adults who have experienced ACEs
and are at risk for developing pre-diabetes3® A significant limitation in the diabetes literature
exists for whether individuals who have experienced ACEs differ clinically from individuals
who have never experienced ACEs, once diabetes manifests. It is unknown if ACEs
accelerate the transition from pre-diabetes to diabetes and whether treatment response varies
for those who have a history of ACEs compared to those who do not. Understanding these
relationships would allow for the development of evidence-based treatment and would guide
screening efforts clinically as well as for public health policy and training curriculum.
Additionally, the need for caution and sensitivity is highly warranted when it comes to
screening for ACEs at any level, however, there remains a lack of evidence for the patients’
perspective on conducting ACE screening during the clinical encounter. These results
provide the next step for the literature in recognizing that ACE exposure impacts insulin
sensitivity and that ACE categories have a differential impact on pre-diabetic characteristics.
However, pathways leading to this relationship need to be further elucidated.
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5. Limitations

While this study is strengthened by its longitudinal design and large sample size, there are
some limitations that should be considered. First, ACEs are self-report and experiences of
abuse were not substantiated; however, the literature has shown that recall bias for certain
traumatic and significant life experiences are relatively low.#546 Second, this sample
represented a largely non-Hispanic white population and for this reason may not be
generalizable to other more diverse populations. Thirdly, ACEs represent a broad spectrum
of experiences that impact individuals across the life course. This study was limited to 6
categories of ACEs and there may be ACEs that relate to pre-diabetes that are not captured
in this dataset. Finally, while the individuals in the dataset were followed longitudinally, the
biologic measures were collected at onetime point. Therefore, causation between the
biologic measures cannot be supported.

6. Conclusion

These results represent one of the first studies to examine the differential impact of ACEs on
a diverse set of clinical pre-diabetes measures. These findings suggest that of the ACE
categories, sexual abuse, physical abuse, and financial strain during childhood are important
factors when considering risk for pre-diabetes, while overall BMI, waist circumference, and
insulin resistance should be a focused for intervention development. BMI and insulin
resistance are not independent of each other, but rather represent important factors within the
pathway between ACEs and pre-diabetes in adulthood. Screening for ACEs during the
clinical encounter may improve detection of individuals at risk for developing diabetes.
Additional research is needed to examine the pathways underlying this relationship and to
further understand if these associations lead to the development of diabetes.
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Table 1
Sample demographics.
Variables
Cohort count 1054
Gender
Male 477 (45.26%)
Female 577 (54.74%)
Age in years at interview
Mean + dev (min—-max) 55.26 + 11.78 (34-84)
Median (IQR) 54 (46-64)
Age group
34-49 yrs 375 (35.58%)
50-64 yrs 435 (41.27%)
65-84 yrs 244 (23.15%)
Race
White 981 (93.07%)
Black 32 (3.04%)
Other 40 (3.80%)
Education level
High school diploma or less 254 (24.10%)
Higher education 797 (75.62%)
Marital status
Married 738 (70.02%)
Household total income
Mean + dev (min—-max) 76,672 + 60,409 (0-300,000)
Median (IQR) 62,500 (35,000-101,250)
Household total income category
<25k 159 (15.09%)
25k—<75k 454 (43.07%)
75K+ 419 (39.75%)
Childhood adversity
With ACE 718 (68.12%)
Childhood adversity count category
0 336 (31.88%)
1 312 (29.60%)
2 203 (19.26%)
3 104 (9.87%)
4+ 99 (9.39%)

Emotional abuse

With emotional abuse 265 (25.14%)
Physical abuse

With physical abuse 212 (20.11%)
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Variables

Sexual abuse

With sexual abuse 169 (16.03%)
Substance abuse

With substance abuse 253 (24.00%)
Mental illness

With mental illness 0 (0.00%)

Family instability
With family instability 234 (22.20%)
Financial strain

With financial strain 341 (32.35%)

J Diabetes Complications. Author manuscript; available in PMC 2020 October 13.

Page 13



Page 14

Campbell et al.

Author Manuscript

(v¥T-6TT) 0T (TYT-LTT) 82T

(68T-28) TL'LT F ZV'TIET (16T-58) 02'8T F ¥T'0ET

(401) ueipsiy

(Xew—uiw) Asp F UeaN

11820 (wexa) sqg 21]01sAs Jo abeiany
(%L6°€€) TvC (%¥5'22) 26 1 yBIH
(%6€e62) TTC (%S L2) 16 S 8JeIapoN
(%€8'82) L0C (%ez'9€e) 12T sU Mo
(%2z'8) 65 (%86'8) 0€ st moj Alan-feap)
81900 K1068180 YHM
(26'0-28'0) 68°0 (26'0-28'0) 68°0 (401) uerpay
(2'1-29°0) 0T'0 ¥ 68°0 (T9'1-99'0) 0T'0 ¥ 68°0 (xew-uiw) nap ¥ uesiN
80,90 (wexa) oned diy 03 1srepy
(%28'99) 80 (%971°L¥) 8GT ubiy Assp
(%8L°6T) 2vT (%85°€2) 62 ubiH
(%01°€2) 89T (%Sz'62) 86 Mo
€€T0°0 A10Ba1e0 92UBI8JWINIIID ISIBAN
(0'80T-8'98) 5'96 (0'90T-0'%8) 2'S6 (401) uerpaiy
(0992-079) G69T ¥€526  (0°28T-0'09) £9'ST ¥ €T'S6 (xew-u1w) Asp F ueal\
1820°0 SI919WIU3D Ul 1SIEM
(%58'G) ¢ (%82°€) T1 Ausago pigJoN
(%8g°se) vse (%90°82) 76 Ausaqo
(%89'7€) 6v¢ (%0€°0%) GET WB1eMIsA0
(%v5'€2) 69T (%9¢'82) 56 WB1em [ewioN
(%950) ¥ wBramuspun
T€T0°0 KioBayed IING
(z6'2€-81°52) 9582 (Ly'1e-69%2) T2’ LT (401) uerpaiy
(6€°09-66'vT) 929 ¥ 2562  (08'SV—€9'8T) 9€'G ¥ €€'8C (xew-u1w) Asp F ueal\
LT000 (wexa) xapui ssew Apog
8TL 9gg 1Unod 1oyoD
anjea-d 30V UHM 30V ON
32V 10 3ouasaid Ag Saw091no 1o} suosiLiedwod parsnipeun
¢ d|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Diabetes Complications. Author manuscript; available in PMC 2020 October 13.



Page 15

Campbell et al.

(%€eL'2T) 06 (%T16°CT) €V (+9%5°9) sa1aqeI]
(%06°29) v.€ (%G2°€5) 61T (%5'9>-%.'G) Se1oqeIpald
(%LEvE) eve (%eeee) TTT (%2'G>) [ewioN

21760 AK10Ba1ed (OTWIH) ulgojBoway poolg
(21'9-09'5) 08'S (57'9-09°6) 08'S (401) ueipaiy
(0¥'€T-08'€) 06°0 ¥ 66'S (0Z'ST-0L'7) ¥6'0 ¥ 66'G (xew—uiw) Adp F uBsSN

0,96°0 (%) (oTwaH) uigojBouway poolg
(%v€'8T) 0ET (%zTer) oy (+5) 1 a13n9s
(%68'6T) TYT (%6.°8T) 29 (5>-€) Y1 aresopoN
(%971'T2) 05T (%28'12) 2L (e>-2) "I mo1
(%z9°0v) 882 (%L2'L¥) 95T (z>) rewioN

96170°0 A10Ba1ed aouelsisal uljnsu|
(8zv-2v'1) 68T (95'¢-6T'T) 0T'C (401) ueipay
(€L'€5-8T'0) €6'€ ¥ 2G€ (€6'92-¥00) ¥6'2 ¥ 26'C (xew-uiw) Asp ¥ uealy

62100 3ouelsISal UINsul HI-VINOH
(%82'TT) 08 (%.6'9) €2 (+52) >su ybIH
(%bize) 0gT (%Sv's2) v8 (Gz>-2T) Ssu dyesdpoIN
(%82'22) 85T (%92'52) 58 (cT>-8) ds11 Mo
(%66°€€) TvC (%28'Tv) 8€T (8>) rewioN

15000 A10691e9 Sjans| uljnsul Bunsey poojg
(91-9) 01 (¥1-9) 6 (401) ueipsy
(T€2-T) GO'ET ¥ LG°€T (7.-T) 958 ¥ 60'TT (Xew—uiw) Asp ¥ ues|y

G200'0 /N1 sjaas| ulnsul Bunsey poolg
(%0T°2) TS (%9T°2) 2 uoisuspadAy z abels
(%20°22) v6T (%6.'12) €L uotsusladAy T afels
(%€EZ 1Y) 962 (%60°2h) TVT uorsusiadAyaid
(%S9'v2) LLT (%96'82) 26 ainssaid poojq [ewroN

L1920 ainssaid poo|g
(z8-89) 5L (z8-89) v (401) ueipay
(¥TT-8Y) ST'OT ¥ T€'SL (L0T-6V) 6T0T * ¥9'7L (xew-uiw) Asp ¥ uesiy

FAZAN0) (wexa) sqg a1joiselp Jo abelany

anfeA-d 30V YUM 30V ON

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Diabetes Complications. Author manuscript; available in PMC 2020 October 13.



Page 16

Campbell et al.

(%T12'9) ¥v (%l2'2) ve (+92T) se¥eqeIq
(%91°2¢) 82¢ (%88'L2) 26 (92T>-00T) Sa1eqeIpald
(%v9°719) LEV (%s8'v9) vTe (00T>) ewoN
16¥€0 AK106aye9d sjans| asoan|b Bunsey poojg
(¥0T-68) 96 (¥0T-06) 96 (401) uetpay
(8T¥—19) ¢/ v ¥ 87°00T (22€-5) 96'%Z ¥ 0€'00T (xew-uiw) Asp ¥ uesiy
Y1160 TIp/Bw sjans) 8s0an|6 Bunisey poolg
anfeA-d 30V YUM 30V ON
Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

J Diabetes Complications. Author manuscript; available in PMC 2020 October 13.



Page 17

Campbell et al.

‘urnsu Bunsey poojq = |49 ‘8s0on|B Bunsey poojq = 949 ‘ainssaid poojq d1joseIp = dgq ‘ainssaid poojq 21]0ISAS = 4GS ‘dIy 0] ISTeM = H-AA ‘80UBIBIWLINDIID ISIEM = DAA ‘X8pul ssew Apog = |INg

"SNJEIS [eILIBW PUB ‘BWO0DUI PJoYasnoy ‘[aAs] [euoiieanps ‘aoel ‘afe ‘uapush 1oy paisnipy '50°0 > d seyedlpul pjog ‘s|eAlaiul 8USPILUO0D 94G6 YIM pake|dsip S|apouu [Ny 10} SIUSIONYS09 paisnipy

8T'T vLE S6'9 020 9T 10T 100 55°€ 6T urens
‘ST'0 190  :T0 00T ‘SO0 0S€  ‘S00- 100 0T- 620 20— €0 T00- 000  ‘990- ¥T  STO 160 [eroueuIS
090 €T 55T vT0 0T €8¢ 100 80T 150
¥5°0- €00 ‘Z&T- OY0  '60G- [ZT-  €T0- 700 '860- €50 ‘v¥T- 6TT  ‘T00- 000  ‘09¢- 920- ‘Z€T- Tvo-
190 €LT s 010 €LT 98T 10°0- 2T €60 asnqe
'67°0- 900  ‘00T- ¥T0- ‘T0Z-  OLT  iTO-  v00-  ‘T¢T- 920 ‘g€~ TLO-  '?00- TO0-  pEE- 90T-  ¥80- 00 aouBISqNS
10T vSe 88 100 16°0- 89T 200 €0°S rAN4
TE0- G0  'z60- TET  ‘66'€-  vv0  ‘SZ0-  600-  ‘85C- ¥80- ‘Tye- 9€0-  TO0-  TO0  ‘8€0- €€T ‘000 90T  @SngE [enxes
60T 6Ly 6.C 810 £6°0- er'e 200 2SS S6'T
'52°0- 0 'ST0 ST ‘er9- ¢LT-  §TO- 700 ‘T92- ¥80- 'SLZ- €0 ‘T00- 100 ‘Y00  8LC  ‘020- /80 9snqe [edlsAud
80— Sr'T S5y vT0 99T e 10°0- STT T asnqe
‘200- vT0- 67— 190- 8¢~ €0  9T0-  T00- v90- TOT  ‘Z€Z- 950 ‘TO0- 000- 67— Ty0- '880- IO [euonows
Al0ba1ea 30
€0C v0'L 176 0€0 10°€ 1SS €00 6EL 9z'e
‘1€°0 1T ‘€7T €Ty ‘0eZ-  sv'e  ‘2T0- 600 ‘8¥T- 6.0 ‘S€Z- 19T  ‘T00- 100 260 98¢ 050 887 +
v0'T L€ 9T'9 600 612 18'G €00 90°L 0ze
'09°0- ZZ0  ‘Z8T- ¥60 v8v- 990 ‘T€0-  IT0- Te- 100 ‘8.T- 10T 000-  T00 ‘820 L9€ %S0 /8T €
8e'T LS 89°€ €10 %7 90¢ 100 L9% €LT
100 €L0 ET- 99€  '€T'S- L0- '6T0-  €00- ‘I90- €T  ‘86¢— ¥O0 ‘TO0- 000 ‘z,0- 86T ‘80— 890 z
00T ss°e A% €70 €T A% 200 00'S 06T
'ST0- €y0  €0- T9T  '8§v- 0L0- 'STO-  T00- ‘€0- 080 €TT- ¥ST  000- TO0  4¢0 29T W00 160 T
Junoo 3oY
90T 20y 8z€ 0T0 17T 9r'e 200 9y 26T
‘800 /50  ‘TL0  9€T  ‘6ze- 000- ¥TO-  200- ‘6v0- T80 ‘Z0T- 6TT  000- 100 ‘70 ¥L.T ‘ve0  ETT Elol
DOZILLOIOYIID
Fov
10 d 10 d 10 d 10 d 10 d 10 d 12 d 10 d 12 d
ol oney
-VINOH 149 o449 9TVaH dga dgs H-M oM INg
"3DV J0 uoneziiobales aaiyl Ag SawooIno 10} sasAeur paisnipy
€ 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Diabetes Complications. Author manuscript; available in PMC 2020 October 13.



	Abstract
	Introduction
	Material and methods
	Sample
	Measures
	Adverse childhood experiences
	Biological measures
	Covariates

	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusion
	References
	Table 1
	Table 2
	Table 3

