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Abstract: Background: Adverse Childhood Experiences (ACEs), such as childhood abuse, neglect,
and family dysfunction, prevent appropriate emotional, behavioral, and physical development.
They are also a major public health issue, and have been debatably linked to chronic diseases,
including type 2 diabetes mellitus (T2DM). T2DM is highly prevalent in Saudi Arabia, and various
theories have been raised to explain the epidemiology of diabetes. However, few studies have
discussed the relationship between ACEs and T2DM. Thus, we aimed to evaluate the association
between ACEs and T2DM in Jazan Province, Saudi Arabia. Methods: This observational, cross-
sectional study was conducted using a validated questionnaire distributed among patients with
T2DM in a diabetes center. The t-test and Chi-Square test were used for comparison, and the p-value
was set at <0.05 for significance. Results: A total of 579 participants were involved in this study, and
303 (52.33%) were female. Among the included participants, 45.25% were diagnosed with T2DM.
About 28.71% of participants with diabetes experienced verbal abuse, 16.09% experienced physical
abuse, and 30.91% reported that parents beat them. Additionally, 1.58% of participants with
diabetes reported living with a family member who abused substances, 8.83% believed that no one
would take them to the doctor even if essential, 12.62% of participants with diabetes felt that no one
would protect them, and 23.03% reported that they felt no one in their family loved them. All
reported ACEs were significantly associated with a high risk of T2DM (p < 0.05), and the more
frequent the ACEs, the more the risk of T2DM (p = 0.0001). Conclusions: This study indicated that
ACEs are significantly associated with the development of T2DM, and the risk increases with the
frequency of ACEs, which aligns with other studies. Further national studies are required to
understand how ACEs could contribute to T2DM, and preventive interventions in childhood must
be considered to reduce the burden of T2DM.

Keywords: adverse childhood experiences; risk factors; type 2 diabetes mellitus; child abuse; abuse;
Saudi Arabia

1. Introduction

Diabetes is a chronic metabolic disease characterized by elevated blood glucose (or
blood sugar) levels, leading to serious complications in many organs including the heart,
blood vessels, eyes, kidneys, and nerves [1]. Diabetes is classified into many types based
on its etiology, and the most common type is type 2 diabetes (T2DM), which is seen in
adults, and occurs when the body becomes more resistant to insulin [2]. In the past
decades, the prevalence of T2DM has risen dramatically in many countries around the
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globe and factors contributing to this elevation are obesity, sedentary lifestyles, and
unhealthy diets [1-3].

Several studies have questioned whether Adverse Childhood Experiences (ACEs),
including childhood exposure to physical, sexual, and emotional abuse, neglect, and
family dysfunction, could hinder healthy emotional, behavioral, and physical
development and could contribute to chronic diseases, including T2DM [3]. ACEs are
traumatic events that can be stressful for children and have negative consequences for
their neurological, physiological, and social development, especially if repeated. Children
cannot access supporting connections or other coping mechanisms [3].

Some studies have found links between early adversity and physical ailments like
heart disease, stroke, and chronic respiratory disorders, presumably due to genetic
predisposition, induced inflammation, or other processes [4-7]. It was observed that
people with diabetes and ACEs have a greater mortality rate than adults with either
diabetes or ACEs alone. In contrast, people with ACEs have greater morbidity rates and
are more prone to participate in risky health behaviors, increasing the risk of diabetes [8].
These studies were supported by data from Saudi Arabia, in which Almuneef et al.
conducted a national study in 2013 and concluded that ACEs are linked to diabetes
mellitus and mental disorders [9].

ACEs bear a significant risk factor for diabetes, and individuals with four or more
ACEs have a significantly higher risk (1.6 times) of pre-diabetes and diabetes than those
without ACEs [10]. A study conducted in China on middle-aged and old Chinese subjects
showed that hunger, unfavored socioeconomic status during childhood, and parental
abuse were significantly associated with the development of T2DM and cardiovascular
diseases [11]. Another study conducted in Singapore indicated that childhood emotional
neglect, parental separation, divorce, the death of a parent, having one or two ACEs, and
young age were significantly associated with higher odds of diabetes [12].

The prevalence of diabetes including T2DM in Saudi Arabia is alarming. Factors such
as sedentary life, lack of physical activity, high rate of consanguinity, and notional habits
have been suggested as important risk factors. However, more studies need to evaluate
the influence of ACEs on T2DM in Saudi Arabia. Therefore, this study aimed to evaluate
the association between ACEs and T2DM in Jazan Province in southwestern Saudi Arabia.
Furthermore, other associated risk factors for T2DM are assessed.

2. Materials and Methods
2.1. Study Design

This observational, cross-sectional survey was conducted in a diabetes center in
Jazan, Saudi Arabia, a region hugely populated with about two million people, and
records a high number of patients with diabetes.

2.2. Study Tool and Data Collection

In this study, we used a validated questionnaire distributed among patients with
T2DM using a link that directed these patients to the digital version of the questionnaire
with the help of a continuous data collector. The questionnaire had two parts, and the first
included questions on sociodemographic data, such as gender, age, job status, salary,
marital status, education levels of parents, having relatives, body mass index (BMI), and
residential place. Questions about T2DM diabetes were included with a confirmational
diagnostic method as reported by participants. The second part included the Arabic
version of ACEs published by the World Health Organization [13]. The questionnaire
comes with questions on childhood events related to physical and emotional abuse, a
history of violence against household members, or living with someone who a substance
abuser is or with mental or psychological problems [13].

2.3. Sample Size Calculation
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This study’s sample size was estimated using the Raosoft sample size calculator
(Raosoft Inc., Seattle, WA, USA) (http://www.raosoft.com/samplesize. html (accessed on15
August 2022). Considering the Jazan region population of about two million, a 95%
confidence interval, a 5% margin of error, and a 50% response distribution, the minimum
sample size was 385. However, we included 579 participants in our study to increase the
significant power of this study.

2.4. Participants’ Inclusion and Exclusion Criteria

We included patients with T2DM and those 18 years or older. Data were collected
between September and November 2022, and those diagnosed with diabetes but not
T2DM who resided outside of Jazan province, or who refused to participate, were
excluded. Patients who visited the diabetes center at the time of data collection and were
confirmed not to have T2DM were added for comparison purposes.

2.5. Statistical Analysis

Statistical analysis was run using the Statistical Package for the Social Sciences (SPSS
version 23, IB, Chicago, IL, USA). Data were analyzed using descriptive and comparative
statistics. Frequencies and percentages were used for the categorical variables, and
continuous variables such as age and BMI were analyzed using mean and standard
deviation (SD). T-tests and Chi-Square tests were used to compare variables. A p-value <
0.05 was considered statistically significant.

2.6. Ethical Approval

The ethical approval was obtained from the Jazan Health Ethics Committee, Jazan,
Saudi Arabia (Permission number 2289, dated 1 September 2022). All participants knew
the study’s goals to guarantee complete privacy and confidentiality. They were also
permitted to express if they wished to discontinue participation at any moment. Further,
data collectors did not collect identifiers or personal information; only the study’s
investigators had access to the shared document where the study’s data were kept.

3. Results
3.1. General Characteristics of the Participants

A total of 579 participants were involved in this study, with a mean age of 40.45 +
12.93 years. Of all participants, 276 (47.67%) were male, 303 (52.33%) were female, 262
(45.25%) were diagnosed with T2DM, mostly (n = 165, 62.98%) confirmed by HBA1c, and
45.94% had a first-degree relative with T2DM. Most participants (n = 378, 65.28%) were
married, employed (n = 314, 54.23%), and with university-level education (n = 422,
72.88%). Regarding the income distribution, 31.61% of participants earned a monthly
income of less than 5000 Saudi riyals (SAR), 26.42% of participants earned a monthly
income between 5000 and 10,000 SAR, 26.25% of participants earned between 10,000 and
15,000 SAR, and only 15.72% of the participants had a monthly income more than 15,000
SAR. The mean BMI for all participants was 26.97 + 5.54, 201 (34.72%) were overweight,
and 151 (26.08%) were obese. Table 1 shows a detailed description of the general
characteristics of the study participants.
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Table 1. General characteristics of the participants (n = 579).

Age in Years Mean|SD 40.45 12.93
Sex Female 303 52.33%
Male 276 47.67%
Single 148 25.56%
Marital status Married 378 65.28%
Divorced 37 6.39%
Widow 16 2.76%
Student 95 16.41%
Employed 314 54.23%
Job : -
Looking for job 80 13.82%
Retired 90 15.54%
Less than 5 k 183 31.61%
. . from 5k to 10 k 153 26.42%
Monthly income in SAR From 10 k to 15 k 152 26.25%
More than 15 k 91 15.72%
City 180 31.09%
Residence Governate 188 32.47%
Village 192 33.16%
Mountain 19 3.28%
Informal education 10 1.73%
Educational level General education 130 22.45%
University level 422 72.88%
Postgraduate 17 2.94%
Informal education 138 23.83%
General education 237 40.93%
Father - -
University level 189 32.64%
Postgraduate 15 2.59%
Informal education 261 45.08%
General education 177 30.57%
Mother : -
University level 138 23.83%
Postgraduate 4 0.69%
Underweight 32 5.53%
BMI classification Normal 195 33.68%
Overweight 201 34.72%
Obese 151 26.08%
First degree relative No 313 54.06%
Yes 266 45.94%
Have you been diagnosed with type 2 No 317 54.75%
DM Yes 262 45.25%
BMI Mean | SD 26.97 5.54
FBG 63 24.05%
How was your diagnosis first RBG 30 11.45%
confirmed HBalc 165 62.98%
OGT 4 1.53%

SD: Standard deviation. BMI: Body mass index. SAR: Saudi Riyals. FBG: Fasting blood glucose.
RBG: Random blood glucose. HBAlc: Hemoglobin Alc. DM: Diabetes mellitus.
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3.2. Characteristics of the Participants with Type 2 Diabetes Mellitus Compared to Those
without Type 2 Diabetes Mellitus

There were 262 participants with T2DM, representing 45.25% of all participants.
More than half of them were males (n =153, 58.40%), married (n =193, 73.66%), employed
(n = 154, 58.78%), educated with university-level degrees (n = 174, 66.41%), overweight
BMI (n = 96, 36.64%), and with first-degree relatives with T2DM (n = 121, 46.18%). Of
participants without T2DM (n= 317, 54.75%), most were females (n =194, 61.20%), married
(n =185, 58.36%), employed (n =160, 50.47%), educated with university-level degrees (n=
248, 78.23%), with normal BMI (n =107, 33.75%), with monthly income less than 5000 SAR
(n =117, 36.91%), and with first-degree relatives with T2DM (n = 172, 54.26%). Table 2
compares the characteristics of the participants with T2DM and without T2DM. All
demographic characteristics significantly (p < 0.05) correlated with T2DM, except for
having a first-degree relative relationship.

Table 2. Characteristics of the participants with type 2 diabetes mellitus compared to those without
type 2 diabetes mellitus.

Partici ts without
articipants without . - oants with

Variables T2DM (n =317, T2DM (n = 262, 45.25%) p-Value
54.75%)
Age in years (mean |SD) 35.95 11.57 44.34 12.80 0.0001 *
Female 194 61.20% 109 41.60%
.0001 *
Sex Male 123 3880% 153 58.40% 000
Single 117 36.91% 31 11.83%
. Married 185 58.36% 193 73.66% .
Marital status =0 ed 1 3.47% 26 9029, 00001
Widow 4 1.26% 12 4.58%
Student 79 24.92% 16 6.11%
Empl d 160 50.47% 154 58.78%
Job Mproyee L ©__ 0,000 *
Looking for job 57 17.98% 23 8.78%
Retired 21 6.62% 69 26.34%
Less than 5 k 117 36.91% 66 25.19%
Monthlv i from5kto10k 69 21.77% 84 32.06%
onthly income .
inSAR  [Tom 11(1 ktols o) 25.87% 70 26720 0007
More than 15 k 49 15.46% 42 16.03%
City 101 31.86% 79 30.15%
Governate 104 32.81% 84 32.06%
Resid 0.703
esidence Village 104 32.81% 88 33.59%
Mountain 8 2.52% 11 4.20%
Informal 2 0.63% 8 3.05%
education
Educational General 51 1609% 79 30.15%  0.0001 *
level education
University level 248 78.23% 174 66.41%
Postgraduate 16 5.05% 1 0.38%
Informal 54 17.03% 84 32.06%
Fathers’ education
3 *
educational Gener.al 133 41.96% 104 39.69% 0.0001
level education

University level 116 36.59% 73 27.86%
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Postgraduate 14 4.42% 1 0.38%
iﬁiﬁi 110 3470% 151 57.63%
Mother’s General
educational education 107 33.75% 70 26.72%  0.0001 *
level University level 98 3091% 40 15.27%
Postgraduate 2 0.63% 1 0.38%
Underweight 28 8.83% 1.53%
BMI Normal 107 33.75% 88 33.59% 0.002 *
classification Overweight 105 33.12% 96 36.64% '
Obese 77 24.29% 74 28.24%
First-degree No 172 54.26% 141 53.82%
re;iii‘;fﬂp Yes 145  4574% 121 s618% 9P

DM: Diabetes mellitus. SD: Standard deviation. BMI: Body mass index. SAR: Saudi Riyals. *
Significant when the alpha criterion for p-value was set to 0.05.

3.3. Adverse Childhood Events among Participants with Type 2 Diabetes Mellitus Compared to

Those without Type 2 Diabetes Mellitus

Less than a third (28.71%) of participants with T2DM reported experiencing verbal
abuse, 16.09% experienced physical abuse, and 30.91% reported being beaten by parents.
Additionally, 1.58% of participants with T2DM reported living with a family member who
abused substances, 7.89% had a household member with depression or another mental
illness, and 2.52% reported having a household member who attempted suicide. Of all
participants with T2DM, 8.83% believed that no one would take them to the doctor even
if essential, 12.62% felt that no one would protect them, and 23.03% reported that they felt
no one in their family loved them. All correlations between ACEs and T2DM were
statically significant (p = 0.001). Participants reporting ACEs were at a significantly (p =
0.001) higher risk of T2DM than those without ACEs. Table 3 shows the answers about
ACEs by the participants with T2DM compared to those without T2DM.

Table 3. Answers of ACE by the participants with type 2 diabetes mellitus compared to those

without type 2 diabetes mellitus.

Participants without Participants with

Variables Type2DM (n=317, Type2DM (n= p-Value
54.75%) 262, 45.25%)
Did a parent or other
adult in the household No 226 71.29% 124 47.33%
often swear at you, insult 0.0001 *
you, put you down, or Yes 91 28.71% 138 52.67%
humiliate you?
Did a parent or other No 266 83.91% 183 69.85%
person in the hom(.e often Yes 51 16.09% 79 30.15% 0.0001 *
threaten you physically?
Have you often felt that No 244 76.97% 166 63.36%
no one in your family Yes 7 23.03% 9% 36.64% 0.0001 *
loves you?
Have you often felt that No 277 87.38% 198 75.57%
you have no one to protect Yes 40 12.62% 64 4.43% 0.0001 *
you?
No 289 91.17% 186 70.99% 0.0001 *
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Have you often felt that
you have no one to take

you to the doctor even Yes 28 8.83% 76 29.01%
though you need to?
Has a parent or someone No 219 69.09% 123 46.95% 0.0001 *
ever hit you often? Yes 98 30.91% 139 53.05%
Have you lived with No 312 98.42% 235 89.69%
someone in your family 0.0001 *
who suffers from drinking  Yes 5 1.58% 27 10.31%
or alcohol addiction?
Have you had a friend No 310 97.79% 233 88.93%
who suffers from drinkin, 0.0001 *
or alcohol addiction? ® Yes 7 2.21% 2 11.07%
Was a household member  No 292 92.11% 200 76.34% 0.0001 *
depressed or mentallyill ~ Yes 25 7.89% 62 23.66%
Did a household member  No 309 97.48% 230 87.79% 0.0001 *
attempt suicide? Yes 8 2.52% 32 1221%
Did you live with your No 33 10.41% 52 19.85% 0.002 *
parents Yes 284 89.59% 210 80.15%
Did your family take care  No 23 7.26% 54 20.61% 0.0001 *
of each other? Yes 294 92.74% 208 79.39%

ACE: Adverse childhood experience. DM: Diabetes mellitus. SD: Standard deviation. * Significant

when the alpha criterion for p-value was set to 0.05.

3.4. Adverse Childhood Events of the Participants with Type 2 Diabetes Mellitus Compared to

Those without Type 2 Diabetes Mellitus

Figure 1 shows the association between ACEs and T2DM; the more ACEs, the greater
the odds, and experiencing four or more ACEs was significantly associated with higher
odds of diabetes (p = 0.0001). Participants without ACEs had significantly lower odds of

T2DM (p = 0.0001).

0.6

0.5

0.4

0.3

=y

No ACEs One ACEs

M Participants without type 2 DM

Figure 1. Association between ACEs and T2DM.

Two ACEs

Three ACEs
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O I

Four or more ACEs

M Participants with type 2 DM



Children 2023, 10, 499

8 of 11

4. Discussion

This study evaluated the association between ACEs and T2DM, a relationship that
has been debated. Very few studies have discussed this relationship in Saudi Arabia, and
therefore we aimed to assess this relationship among adults with T2DM in the Jazan
region in Saudi Arabia. This study aligns with another study exploring ACEs, mental
health, and risky behaviors among Saudis [14]. We found a significant association
between ACEs and T2DM, and the risk of T2DM increased with the frequency of ACEs,
which agrees with another study that showed that one or more ACEs were associated
with a higher risk of T2DM among individuals living in the central region of Saudi Arabia
[8]. Similarly, a systematic literature review and meta-analysis showed that ACEs,
particularly childhood neglect, family dysfunction, and two or more ACEs, are associated
with a higher risk of T2DM [15]. It was found that childhood economic adversity and
physical, sexual, and verbal abuse were associated with T2DM [16,17]. On the other hand,
a systematic literature review by Zhu et al. [16] reported that emotional abuse, domestic
violence, parental divorce, parental death, neglect, and living with a family member with
substance abuse were not significantly associated with diabetes. It is noteworthy that the
sample size in these studies is different from our study sample, and the explanation for
these variations might be related to the heterogeneity of the population and the high risk
of recall bias in the previous studies.

It was proposed by a 30-year follow-up study using court-recorded data conducted
by Widom et al. that childhood physical abuse and neglect are associated with T2DM later
in middle adulthood [18]. Physical and sexual abuse in childhood and adolescence were
also linked to increased T2DM risk in adult women, supporting Monnat and Chandler’s
data [18,19]. Sex has been suggested as another risk factor, and our study found that
women with ACEs were at higher risk of T2DM than their male counterparts, which might
be due to the higher incidence of ACEs in women or other factors that should be sought.
As reported in the current study, studies on sex differences in the profiles of ACEs found
that compared to men, women reported a more complex history of ACEs [20,21]. Further,
women’s mental health, social functioning, and emotional stability are more negatively
impacted by exposure to ACEs compared to men, with family dysfunction as a major poor
social outcome [21]. Another study evaluating the relationship between ACEs and T2DM
among women showed a strong relationship between excess weight, obesity, and diabetes
[22]. The link between ACEs and the development of T2DM and other chronic physical
problems has been explained by many theories. ACEs disrupt neurodevelopment,
particularly the hypothalamic-pituitary-adrenal axis (HPA) [23]. Dysregulation of HPA
has been suggested to be a pre-diabetes condition for people with a high risk of T2DM
[23,24]. Moreover, it raises blood triglycerides, free fatty acids, and inflammatory markers,
which exposes them to depression and other chronic disease risks, and upregulates
gluconeogenesis, causing hyperglycemia [11,23]. Previous studies have suggested that
stress and inflammatory markers may explain the link between diabetes and depression
[25], and other studies have even suggested that ACEs could be associated with biological
risk already present at an early age, which appeared to cause physiological changes that
might be associated with later development of diseases [26]. Therefore, ACEs are
indirectly linked to a higher risk of T2DM through their effects on mental health,
especially their link to depression and low quality of life, which were identified as risk
factors of T2DM [11,25,27]. A cohort study showed that ACEs were associated with a high
risk of T2DM, with the odds of diabetes increasing by almost 11% for each added ACE
[26]. ACEs were also found to be indirectly related to T2DM through cardiometabolic
dysregulation in addition to depression [27].

In a pilot study conducted in Riyadh, Saudi Arabia, the authors found that most
participants reported experiencing one or more ACEs, and almost a third of the
participants had experienced four or more ACEs [28]. Another study conducted to
evaluate the prevalence and connection of ACEs with both physical and mental diseases
in eastern Saudi Arabia found that the majority of study participants (81.8%) had
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experienced four or more ACEs, with emotional neglect being the most prevalent ACE
type (82.2%) [29]. Additionally, women with four or more ACEs were at higher risk of
insomnia, stress, and depression, which aligns with other previous studies [20,21].
Compared to those with only one ACE, those with four or more ACEs are more likely to
experience physical diseases [29]. Studies conducted in Saudi Arabia comparing people
with ACEs to those without ACEs revealed a two-fold greater risk of physical health
problems such as hypertension, T2DM, coronary heart disease, and obesity among people
with ACEs [13,30,31], agreeing with another study conducted in Saudi Arabia [19]. This
high prevalence of ACEs in Saudi Arabia might contribute to high rates of T2DM in Saudi
Arabia, as supported by the WHO ranking, which puts Saudi Arabia in second place
among Middle Eastern countries with a high rate of diabetes and seventh highest
worldwide [32,33]. Further, a recent study evaluating the prevalence of T2DM in Saudi
Arabia from 1999 to 2022 estimated it to be 29.2% in 2011 and 44.1% in 2022 [34]. These
reports indicate that diabetes is a huge health burden in Saudi Arabia, and future
strategies, programs, and research should consider ACEs as a factor in reducing the
burden.

It is noteworthy that this study was conducted just a few months after the alleviation
of the COVID-19 pandemic restrictions in Saudi Arabia, a period that had social and
psychological consequences on most countries around the globe, including Saudi Arabia
and the Jazan region [35]. Thus, the results of the current studies should be interpreted
carefully as COVID-19 consequences may have resulted in biases related to the reported
information. However, the association between ACEs and the development of T2DM in
this study cannot be ignored, and this should encourage local health officials to conduct a
larger study that may include other chronic diseases.

When interpreting and generalizing the results of the current study, some limitations
should be considered. The study’s cross-sectional design could not explain the temporal
relationship between the study variables. Unlike some previous studies [36], different
types of ACEs, such as the correlation of sexual abuse between ACEs, physical health, and
diet, were not investigated in our study. However, we studied alcohol and substance
abuse, which was not previously studied in Saudi Arabia [13], and our sample was
homogeneous, increasing the accuracy of our results. We recommend further
longitudinal, prospective clinical studies with an extensive and representative sample to
understand the association between ACEs and T2DM [37,38].

5. Conclusions

This study confirmed that T2DM is associated with increasing ACEs in Jazan, Saudi
Arabia, and more ACEs are significantly associated with a higher risk of T2DM
development, highlighting the need to reduce the risk variables linked to ACEs. Since
parents and other family members are primarily in charge of raising children, establishing
education programs aimed at reducing child abuse and improving child well-being by
targeting them might be an effective intervention. Therefore, the findings of this study can
be utilized to fine-tune public awareness campaigns that target all families in Jazan and
encourage healthy behaviors among youngsters. Further, larger studies based on medical
record data and including other chronic diseases could be conducted for a better
understanding of the consequences of ACEs at an individual and public level, and how
preventive interventions in childhood could be tailored to limit the burden of T2DM.
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