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INTRODUCTION
Adverse childhood experiences (ACEs) are traumatic events 
that happen to an individual before the age of 18.1 These 
adversities faced during childhood range from physical, sex-
ual or emotional abuse, to poverty, parental substance abuse 
and parental incarceration.2 In the United States, 3.4 million 
incidents of abuse or neglect of children were reported in 
2012.3 As victims of these traumatic events age, their expe-
riences are carried with them into adulthood. In the United 
States, 1 in 6 adults report experiencing 4 or more ACEs4 
and research shows a strong link between the number of 
adverse childhood experiences and an increased incidence 
of almost every negative health consequence including obe-
sity, diabetes, depression and overall poor adult health and  
mental health.3,5

The literature suggests a dose-response relationship 
between the number of ACEs and elevated risk of disease 
in adulthood.2,3,6 In analyses of the original ACE Study that 
examined the impact of childhood adversity on adulthood 
morbidities, as the number of reported ACEs increased, the 
odds of disease in adulthood increased.6 Those at greatest 
risk for diabetes were those who reported 4 or more ACEs 
before the age of 18.6 Several studies have found similar 
associations between ACEs and chronic diseases such as 
diabetes;3,7,8 however, few have examined the association 
between ACEs and diabetes during pregnancy. The purpose 
of this study is to examine the impact of adverse childhood 
experiences on diabetes during pregnancy among mothers 
who have recently given birth in Rhode Island. We hypoth-
esized that as the number of reported ACEs increases, the  
prevalence of diabetes during pregnancy, also increases.

METHODS

We analyzed the Rhode Island Pregnancy Risk Assess-
ment Monitoring System (RI PRAMS) 2016–2018 dataset 
(N=3,350). PRAMS is a national, population-based survey 
that is completed by mothers 2-6 months post-partum who 
delivered a live birth in participating states throughout the 
United States.9 It is a surveillance of maternal health behav-
iors including care seeking, maternal exposures, and preg-
nancy outcomes.10 This data is self-reported, and collected 
by mailing the survey to a subset of eligible people in the tar-
get population.9 The dataset is weighted to account for the 

complex sampling design of PRAMS, in order for the sample 
data to be representative of the population of Rhode Island 
mothers who delivered a live birth.10 

Respondents eligible for this study included all those 
with valid responses to the adverse childhood experience 
questions (exposure), and two questions regarding diabetes 
during pregnancy (outcome). A valid response was consid-
ered an answer of “yes” or “no” to the exposure and out-
come questions. Invalid responses were those left blank, 
marked “don’t know”, or not applicable. Those with invalid 
responses were 4.96% of the eligible population (n=166) and 
were excluded from the analyses.  Our final analytic sample 
was 3,184 recent mothers. 

We conceptualized maternal ACEs as adverse experi-
ences before the mother was 13 years old, as specified in RI 
PRAMS. We operationalized ACEs by creating a composite 
score of all adverse childhood experiences captured in the 
combined PRAMS data. There were seven ACE statements 
in the dataset: “Most of the time, I had an adult who believed 
in me and who I could count on to help me”; “A parent or 
guardian I lived with got divorced or separated”; “We had 
to move because of problems paying the rent or mortgage”; 
“Someone in my family or I went hungry because we could 
not afford enough food”; “A parent or guardian got in trou-
ble with the law or went to jail”; “A parent or guardian I 
lived with had a serious drinking or drug problem”; “I was 
in foster care (removed from my home by the court or child 
welfare agency).” These statements were coded as 0 for “no” 
and 1 for “yes” in order to create a composite score. The first 
statement, “Most of the time, I had an adult who believed in 
me and who I could count on to help me” was reverse coded. 
We then created a categorical ACEs variable that divided 
the ACEs into the following categories: “No ACEs”, “1–2 
ACEs”, and “3 or more ACEs” based on recommendations 
for analyzing ACEs.11 

Our outcome of interest was diabetes status during preg-
nancy, which included all those who were diagnosed with 
diabetes mellitus (Type I or Type II) prior to pregnancy, and 
gestational diabetes mellitus (GDM). The survey question 
that assessed pre-pregnancy diabetes was, “During the 3 
months before you got pregnant with your new baby, did 
you have any of the following health conditions? For each 
one, check No if you did not have the condition or Yes if you 
did: a. Type 1 or Type 2 diabetes (not gestational diabetes or 
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diabetes that starts during pregnancy).” The question that 
assessed GDM was, “During your most recent pregnancy, 
did you have any of the following health conditions? For each 
one, check No if you did not have the condition or Yes if you 
did:  a. Gestational diabetes (diabetes that started during this 
pregnancy).” We used both the pre-pregnancy diabetes and 
gestational diabetes variables to create a binary diabetes out-
come: “No Diabetes” (no to both pre-pregnancy diabetes and 
gestational diabetes), and “Any Diabetes During Pregnancy” 
yes to either diabetes that started before pregnancy or yes to 
gestational diabetes). 

Maternal age, race/ethnicity, maternal education, house-
hold income, WIC (the Special Supplemental Nutrition 
Program for Women, Infants, and Children) participation, 
and preconception BMI (body mass index) were socio-demo-
graphic factors of interest and were analyzed by Pearson’s 
Chi-square. The preconception BMI variable analyzed was 
calculated by the CDC in the PRAMS dataset with the fol-
lowing designations: Underweight (BMI=<18.5), Normal 
Weight (BMI=18.5–24.9), Overweight (BMI=25.0–29.9) and 
Obese (BMI=30.0+). The socio-demographic factors were 
also included in regression analyses as covariates. Statisti-
cal analyses were completed using STATA Version 16.0 to 
account for complex survey design and weighting.12 Logistic 
regression analyses were performed to obtain the unadjusted 
odds ratio (OR) between diabetes status during pregnancy 
and ACEs. Multivariable logistic regressions were performed 
to identify adjusted OR associations between diabetes status 
during pregnancy and ACEs controlling for maternal age, 
race/ethnicity, household income, preconception BMI, and 
WIC participation. Maternal education was excluded from 
the final adjusted model. Initially, when all the covariates 
were adjusted for, the number of observations from our ana-
lytic sample decreased by more than 10%. The largest losses 
of observations were from education and income. We ran two 
additional adjusted models, one with education included and 
income removed, and another model with income included 
and education removed. We decided to omit education from 
the final adjusted model to maintain the greatest number of 
observations. 

RESULTS

Among new mothers, 37% reported experiencing 1–2 
adverse childhood experiences before the age of thirteen, and 
12% reported experiencing 3 or more (Table 1). 13% of new 
mothers reported diabetes in pregnancy. Among those with 
diabetes during pregnancy, 13% reported experiencing 3 or 
more ACEs, and 48% reported experiencing no ACEs. These 
associations were not significant by Pearson’s Chi-square 
(p=0.56). Compared to those aged 30 and over, mothers 19 
and younger were more likely to report experiencing 3 or 
more ACEs (p <0.001). Hispanic mothers were more likely 
to report experiencing 3 or more ACEs compared to White, 

*(p <0.05), ** (p <0.001) 
BMI: Body Mass Index; WIC: The Special Supplemental Nutrition Program for 
Women, Infants, and Children 

Table 1. Level of Adverse Childhood Experience by Characteristics of 

Postpartum Women in Rhode Island (N=3,184), RI PRAMS 2016–2018

Adverse Childhood Experiences (ACEs)

No ACEs 1–2 ACEs 3 or more ACEs

51% (n=1648) 37% (n=1160) 12% (n=376)

Weighted % (n) Weighted % (n) Weighted % (n)

Age**

≤ 19 38% (44) 39% (60) 22% (24)

20–29 46% (608) 39% (505) 15% (178)

30+ 55% (996) 35% (595) 9.8% (174)

Race/Ethnicity*

White,  
Non-Hispanic

54% (959) 33% (572) 13% (205)

Black,  
Non-Hispanic

47% (108) 41% (87) 11% (19)

Hispanic,  
Any Race

46% (379) 42% (353) 13% (112)

Other,  
Non-Hispanic

52% (189) 39% (133) 9.4% (33)

Highest Level of Education**

Less than a High 
School Diploma

42% (131) 44% (145) 15% (45)

High School 
Graduate or 
Equivalent

40% (237) 42% (255) 19% (107)

Some College 40% (351) 44% (345) 16% (125)

College Degree 
or Higher

67% (815) 27% (331) 5.5% (67)

Income**

≤ $24,000 39% (392) 45% (437) 17% (156)

$24,001–40,000 41% (188) 40% (178) 19% (73)

$40,001–$60,000 45% (158) 41% (131) 14% (50)

$60,001+ 66% (815) 27% (341) 6.5% (80)

Preconception BMI*

Underweight 55% (61) 33% (41) 12% (10)

Normal weight 55% (765) 34% (458) 11% (137)

Overweight 47% (396) 39% (291) 14% (103)

Obese 47% (346) 39% (309) 14% (112)

Received WIC During Pregnancy**

No 59% (1097) 31% (580) 10% (180)

Yes 40% (545) 44% (578) 16% (195)

Diabetes During Pregnancy

No Diabetes 51% (1429) 36% (1000) 12% (328)

Pre-Pregnancy 
Diabetes or 
Gestational 
Diabetes

48% (219) 39% (160) 13% (48)
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Non-Hispanic (NH) mothers (p <0.05). Both Black NH and 
Hispanic mothers were less likely to report no ACEs com-
pared to White NH mothers (p <0.05). Mothers who were 
either a high school graduate or did not receive a high school 
diploma were more likely to report 3 or more ACEs com-
pared to mothers with a college degree (p <0.001). New 
mothers who had an annual income under $40,000 were 
also more likely to report experiencing 3 or more ACEs com-
pared to those who earned over $60,000 annually (p <0.001). 
Those with a higher preconception BMI (defined as a BMI 
over 25.0), were more likely to report 3 or more ACEs com-
pared to those with a BMI under 25.0. Lastly, mothers who 
participated in WIC during pregnancy were more likely to 
report experiencing 3 or more ACEs than those who did not 
receive WIC (Table 1).

After adjusting for age, race/ethnicity, income, precon- 
ception BMI, and receiving WIC during pregnancy, there 
were no statistically significant associations between the 
number of ACEs and the outcome of diabetes during preg-
nancy in both the unadjusted and adjusted models (Table 2). 
However, there was an association between BMI and diabe-
tes in pregnancy. In unadjusted and adjusted models, moth-
ers with high preconception BMIs had an increased odds of  
experiencing diabetes in pregnancy (Table 2).

DISCUSSION

Exposure to ACEs manifests as negative health outcomes 
in later life including obesity and diabetes.5,6,13 This study 
determined the association between these ACEs and dia-
betes status during pregnancy, a significant period in the 
life course.  Consistent with the literature13,14, preconcep-
tion BMI was significantly associated with diabetes status 
during pregnancy in both the unadjusted and adjusted mod-
els. Although the effect measure relating diabetes status 
during pregnancy and exposure to adverse childhood experi-
ences before the age of 13 was not statistically significant in 
these analyses, the separation between the estimated odds 
observed from the unadjusted to adjusted model indicates 
there was confounding in the crude analyses that originally 
attenuated the relationship.

The extent to which ACEs affect health in later life is a 
growing public health concern. Among our population of 
recent mothers, not only do the negative health outcomes 
due to ACEs have an impact on their health during preg-
nancy, they also pose a threat to the health of the fetus 
including the increased risk of large for gestational age birth-
weight, caesarean section delivery, and other concerns.13,14 
Identifying the pathway between ACEs and diabetes during 
pregnancy will increase the already growing amount of evi-
dence1 identifying the imperative need to implement inter-
ventions during childhood to prevent ACEs before they 
happen and reduce the risk of negative health outcomes 
during pregnancy and throughout the life course.

Diabetes during pregnancy Unadjusted Adjusted 

OR  
(95% CI)

OR  
(95% CI)

ACE Scores

No ACEs 1.00 (ref) 1.00 (ref)

1–2 ACEs 1.14 (0.89–1.47) 1.18 (0.90–1.55)

3 or more ACEs 1.14 (0.78–1.68) 1.24 (0.81–1.90)

Age

≤ 19 1.00 (ref) 1.00 (ref)

20–29 1.90 (0.68–5.34) 2.16 (0.50–9.40)

30+ 3.52 (1.27 -9.76)* 4.24 (0.98–18.39)

Race/Ethnicity 

White, Non-Hispanic 1.00 (ref) 1.00 (ref)

Black, Non-Hispanic 0.95 (0.56–1.60) 0.94 (0.52–1.68)

Hispanic, Any Race 0.91 (0.68–1.21) 0.84 (0.59–1.22)

Other, Non-Hispanic 1.37 (0.96–1.94) 1.30 (0.88–1.93)

Highest Level of Education

Less than a High School 
Diploma

1.19 (0.78–1.81)

High School Graduate  
or Equivalent

0.83 (0.59–1.18)

Some College 1.09 (0.81–1.45)

College Degree or Higher 1.00 (ref)

Income

≤ $24,000 1.01 (0.76–1.34) 1.39 (0.89–2.15)

$24,001–$40,000 1.11 (0.78–1.57) 1.20 (0.78–1.84)

$40,001–$60,000 0.85 (0.56–1.29) 0.93 (0.59–1.47)

$60,001+ 1.00 (ref) 1.00 (ref)

Preconception BMI

Underweight 0.24 (0.06–0.89)* 0.27 (0.07–1.03)

Normal weight 1.00 (ref) 1.00 (ref)

Overweight 1.60 (1.17–2.19)* 1.52 (1.10–2.10)*

Obese 2.72 (2.03–3.64)* 2.76 (2.02–3.78)*

Received WIC During Pregnancy

No 1.00 (ref) 1.00 (ref)

Yes 0.94 (0.74–1.19) 0.93 (0.64–1.36)

Table 2. Unadjusted and adjusted odds ratios of having diabetes during 

pregnancy among recent mothers in Rhode Island, RI PRAMS 2016–2018

* (p <0.05). 
BMI: Body Mass Index; WIC: The Special Supplemental Nutrition Program for 
Women, Infants, and Children 

LIMITATIONS 
The frequency of respondents who reported any diabetes was 
low, and due to this limitation, as well as a further reduced 
sample size after covariates were taken into consideration, 
our results may have been impacted. Future work is war-
ranted with a larger sample size to investigate the role ACEs 
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may play in the development of GDM specifically. Also, 
the variable that represents pre-pregnancy diabetes in the 
RI PRAMS includes both Type I and Type II diabetes mel-
litus. We would have liked to exclude Type I diabetes mel-
litus from the analyses because the current literature does 
not support associations between ACEs and Type I diabetes, 
a chronic condition most often identified in adolescence.15 

Furthermore, the PRAMS dataset for RI represents a 
smaller subset of the national PRAMS which may limit the 
generalizability of our findings. The PRAMS also relies on 
self-reported data, which is subject to recall bias especially 
with regard to ACEs because they are defined as events 
that occurred early in life, before the age of 13. We also 
acknowledge that height and weight are self-reported, and 
the incorporation of these data points into the CDC calcu-
lated BMI variable has likely underestimated the prevalence 
of overweight and obesity within our population. Additional 
limitations include the possibility of residual confounding. 
We excluded maternal education from our final adjusted 
model due to a greater than 10% reduction in the number 
of observations in our model; however, education is still a  
possible confounder.
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