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Association between adverse
childhood experiences with chronic
kidney diseases in middle-aged and
older adults in mainland China
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Xin Luo?, Yanchang Liu?, Fei Zhong®*>* & Jingfang Hong*"**

Adverse childhood experiences (ACEs) among middle-aged and elderly individuals may influence

the subsequent occurrence of chronic kidney disease (CKD). We aim to investigate the association
between ACEs and CKD among the middle-aged and elderly populations in China. The prospective
cohort longitudinal study examined baseline data from the China Health and Retirement Longitudinal
Study (CHARLS) from June 1 to December 31, 2014. Subsequent follow-up surveys were conducted

in 2015, 2018, and 2020. The study population consisted of 4063 participants aged at least 45 years,
who had CKD data and information on the 16 complete ACEs indicators included in this study. Utilizing
correlation analysis to explore the relationship between CKD and the total score of ACEs, as well as
the three dimensions (Conventional ACEs, Expanded ACEs, and New ACEs), along with specific items.
The correlation between individual ACEs, disease-related factors, and CKD was examined using binary
logistic regression models. Valuable diagnostic factors were then identified through the use of ROC
curves. A Cox proportional hazards regression model, with age as the timescale and ACEs groups as
covariates, was established to investigate the relationship between age-related CKD occurrence and
ACE groups as individuals aged. Among the 4063 participants included in the analysis, in patients with
CKD, the male proportion is 85 (64.9%), and the female proportion is 46 (35.1%). Of the participants,
2332 experienced at least two Conventional ACEs, 3786 experienced at least two Expanded ACEs,

and 2774 experienced at least one New ACE. Factors influencing the occurrence of CKD in participants
included Conventional ACEs 5 (OR 1.742; 95% Cl 1.115-2.721; P=0.015), Conventional ACEs 6 (OR
1.581; 95% Cl 1.024—2.442; P=0.039), Conventional ACEs 9 (OR 2.190; 95% Cl 1.288-3.725; P=0.004),
Expanded ACEs 3 (OR 0.195; 95% Cl 0.085-0.444; P<0.001), memory-related disease (OR 3.297; 95%
Cl1.140-9.538; P=0.028), dyslipidemia (OR 2.536; 95% Cl 1.521-4.230; P <0.001), cancer (OR 6.369;
95% Cl 2.464-16.461; P <0.001), chronic lung disease (OR 2.261; 95% Cl 1.091-4.684; P=0.028),

and liver disease (OR 3.050; 95% Cl 1.432-6.497; P=0.004). These three models showed significant
statistical differences in CKD, the Conventional ACEs, and the New ACEs. In Model 1, 2, and 3, the risk
was higher for individuals exposed to the Conventional ACEs group, indicating an increased likelihood
of developing CKD, the risk was lower for individuals exposed to the New ACEs group, suggesting
areduced likelihood of developing CKD. ROC curve analysis of these variables showed that CA5,

CAG6, CA9, dyslipidemia had significant diagnostic value for the occurrence of CKD. The accuracy of
diagnosis was CA5 (57.0%), CA6 (58.3%), CA9 (59.4%), and dyslipidemia (59.8%). This study, through
longitudinal investigation, has identified potential links between ACEs and disease-related factors with
CKD. These findings can still provide assistance to clinicians and public health administrators, helping
them understand the association between ACEs and CKD, and offering theoretical support for their
clinical decision-making or development of public health policies.
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In recent years, the escalating global challenge of population aging has become increasingly severe. China, as one
of the world’s most populous nations, is experiencing a particularly conspicuous manifestation of demographic
aging. According to data published by the Chinese National Bureau of Statistics in 2019, the population aged
65 and above constitutes 11.9% of the total population in China. Furthermore, projections indicate that by the
year 2025, the population aged 60 and above is expected to reach 498 million'. Chronic kidney disease (CKD),
a prevalent ailment among the elderly, is defined as sustained renal structural or functional abnormalities
persisting for three months or more, exerting adverse effects on an individual’s health. A glomerular filtration
rate (GFR) less than 60 mL/min/1.73 m? or proteinuria equal to or exceeding 30 mg/24 h serves as diagnostic
criteria indicative of renal impairment®. According to the 2019 Sixth China Chronic Disease and Risk Factors
Survey, the prevalence of CKD in Chinese adults has decreased by nearly 30% compared to the past decade.
However, the number of CKD patients requiring dialysis has witnessed an increase, projected to reach 629.67
per million population by 2025%%. In addition to affecting middle-aged and elderly individuals negatively, this
burdens the nation’s healthcare system significantly.

The World Health Organization (WHO) defines adverse childhood experiences (ACEs) as a series of intense
stressors occurring in the early stages of a young personss life®. The Centers for Disease Control and Prevention
in the United States explicitly delineate ACEs to encompass all forms of abuse and potential traumatic events
that occurred before the age of 18°. Early ACEs primarily encompass three major categories: abuse, neglect,
and dysfunctional family dynamics, further subdivided into ten specific situations. As scholarly research in this
field advances, the study found that if only conventional ACEs are included, the ACEs exposure of 14.2% of
middle-aged and elderly people will be underestimated’. Therefore, scholars have augmented and refined the
Conventional ACEs concept by incorporating additional categories such as peer bullying, insecure neighborhood
relationships, parental death, among others, giving rise to the Expanded ACEs and the New ACEs®.

ACEs have been demonstrated to exert lasting effects on the health of adults, elevating the risk of premature
mortality’-!!. A systematic review on the association between ACEs and health outcomes reveals that, during
the past 30 years, the majority of studies have predominantly concentrated on the correlation between ACEs
and social-psychological aspects, with a relatively limited exploration of specific health outcomes'2 In addition,
some studies have explored the relationship between ACEs and cardiovascular and cerebrovascular diseases.
The results showed that there is a correlation between the two. That is, patients with ACEs have a higher risk
of developing cardiovascular and cerebrovascular diseases’. Currently, the research regarding the relationship
between CKD and ACEs is limited. Although literature suggests a higher probability of CKD among individuals
who have experienced ACEs”'?, existing studies lack clarity on the correlation between ACEs, demographic
factors, individual health status, and CKD. The inclusion of ACEs elements is also relatively restricted, with
research predominantly focused on developed countries, leaving a scarcity of studies examining this association
in developing countries where higher ACEs prevalence may exist.

In this study, we utilized data from the China Health and Retirement Longitudinal Study (CHARLS),
collecting information on 16 indicators of ACEs among middle-aged and elderly individuals in China. Through
a longitudinal investigation, we identified the potential link between ACEs and CKD, investigating whether this
correlation is influenced by demographic factors and health status.

Materials and methods

Research design and study population

Study data come from the China Health and Retirement Longitudinal Study (CHARLS), which is a nationally
representative survey of Chinese adults age 45 and older. It covers 28 provinces, 150 counties, and 450
communities (villages) across mainland China'%. This research utilized a sampling design that involved four
stages of stratification and made use of data collected during the baseline survey of CHARLS, which took place
from June 1 to December 31, 2014. Subsequent follow-up surveys were conducted in 2015, 2018, and 2020. All
living respondents were asked about adverse childhood experiences (ACEs) in the 2014 life history survey. A
data analysis was conducted between January 1 and January 30, 2024 for this study. We have obtained ethical
approval from the Institutional Review Board at Peking University, and all participants have provided written
informed consent'®. In accordance with the ethical policies and procedures of the London School of Economics,
the current study does not require ethical approval or informed consent as it involves secondary analysis of an
existing dataset. Reporting guidelines for Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) are followed in this study.

A total of 11,426 participants aged at least 45 years were included, having completed the survey questionnaire
in 2014. According to study criteria, 6406 participants were excluded due to the absence of CKD and relevant
covariate information, while an additional 957 participants were excluded due to age <45 years. Ultimately, 4063
participants were included in the analysis (Fig. 1).

Operational definition of ACEs

In the life history survey conducted in 2014, information on adverse childhood experiences before the age of 17
was collected through face-to-face interviews. Based on prior research, we captured 16 ACE indicators, including
9 Conventional ACE indicators, 3 Expanded ACE indicators and 4 New ACE indicators. “Supplementary
Materials” provides detailed definitions for each ACE indicator. Each ACE indicator was dichotomously coded,
with 0 indicating absence and 1 indicating presence. To determine the cumulative ACE score, we summed up
the occurrences of ACEs in each dimension. According to the frequency of ACEs in each dimension included,
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Fig. 1. Flowchart of participant selection. ACE: adverse childhood experiences; CHARLS: China Health and
Retirement Longitudinal Study.

participants were divided into three groups based on the cumulative scores for three ACE dimensions (i.e., 0, 1,
and>2 Conventional ACEs; 0, 1, and >2 Expanded ACEs; and 0, 1, and > 2 New ACEs).

The operational definition of CKD

According to the way CHARLS collects information on the participants’ CKD status, CKD diagnosis was based
on self-report by physicians, using the question, "Have you been told by a doctor that you have kidney disease?"
If an individual or their proxy respondent provided an affirmative answer, the individual would be classified as
having experienced CKD for the first time in their life (excluding tumors or cancer).

Covariates

CHARLS surveyed participants or their proxies using filtered questionnaires, and demographic and lifestyle
characteristics were collected through face-to-face questionnaires, including age, gender, residential area,
education level, and the presence of other chronic conditions (hypertension, digestive disease, memory-related
disease, asthma, dyslipidemia, diabetes, cancer, chronic lung disease, liver disease, heart disease, stroke). To
avoid recall bias caused by incomplete memory for participants, their spouses or caregivers answer the related
questions on their behalf.
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Statistic analysis

A normal distribution is used to express quantitative data using mean and standard deviation. Utilizing one-way
analysis of variance (ANOVA) to compare differences among the three groups (Conventional ACEs, Expanded
ACEs and New ACEs). Qualitative data was represented in percentages. Baseline characteristics among different
ACE:s groups were compared using ANOVA for continuous variables and the chi-square test for categorical
variables. The presence of CKD was analyzed as a binary variable. Changes in CKD over time were assessed by
counting the number of individuals reporting CKD at follow-up periods (2015, 2018, and 2020), described in
relation to various forms of adverse childhood experiences, and compared using ANOVA. Correlation analysis
was conducted to explore the relationship between CKD and the total ACE scores, as well as the three dimensions
(Conventional ACEs, Expanded ACEs, and New ACEs), and their specific items. We further analyzed the
longitudinal data from 2014 to 2020 using logistic regression models to examine the relationship between each
ACE item and CKD, presenting odds ratios (ORs) and 95% confidence intervals (95% Cls). Additionally, we
established Cox proportional hazards regression models, considering age as the time scale and stratifying by
ACE:s groups, to assess hazard ratios (HRs) and 95% confidence intervals (95% CIs). Model 1 was unadjusted
for confounding factors, Model 2 was adjusted for gender, age, residence, and education level, while Model
3 included adjustments for hypertension, digestive disease, memory-related disease, asthma, dyslipidemia,
diabetes, cancer, chronic lung disease, liver disease, heart disease, and stroke. All statistical analyses were
performed at a significance level of 0.05, and the statistical analyses were performed using SPSS version 23.0
and R Studio (version 4.0.4). Analysis results with P<0.05 (two-tailed) were considered statistically significant.

Results

Among the 4063 participants included in the analysis, in patients with CKD, the male proportion is 85 (64.9%),
and the female proportion is 46 (35.1%). The age group of 45-59 years old accounts for 59 (45.0%), and the age
group of 60 years and older accounts for 72 (55.0%). As shown in Table 1, ACEs were categorized into three
groups: Conventional ACEs, Expanded ACEs, and New ACEs. A total of 2332 participants experienced at least
two Conventional ACEs, 3786 participants experienced at least two Expanded ACEs, and 2774 participants
experienced at least one New ACE. The results of this study revealed that 3876 individuals, accounting for
95% of the total participants, had experienced three or more ACEs. Moreover, 52.9% had experienced five or
more ACEs. The majority of participants resided in rural areas, and the educational level was predominantly
concentrated at the primary school level or below. Changes in the prevalence of hypertension, digestive disease,
memory-related disease, asthma, dyslipidemia, diabetes, cancer, chronic lung disease, liver disease, heart disease
and stroke were comparable across the three ACEs groups (see Table 1).

Characteristics CKD NoCKD |t/X* | P-value
Age, n(%) 0.328 0.567
45-59 59 (45.0) | 1672 (42.5)

>60 72 (55.0) | 2260 (57.5)
Gender, n(%) 3.165 0.088
Male 85 (64.9) | 2244 (57.1)

Female 46 (35.1) | 1688 (42.9)
Area of residence, n(%) 0.508 0.776
Urban 34 (26.0) 934(23.8)

Town 49 (37.4) | 1579 (40.2)

Rural 48 (36.6) | 1419 (36.1)
Educational level completed, n(%) 0.043 0.835
Primary school or below 73 (55.7) | 2155 (54.8)

Middle school or above 58 (44.3) | 1777 (45.2)

Medical history, n(%)

Hypertension 97 (74.0) | 3362 (85.5) | 13.216 | <0.001
Digestive disease 109 (83.2) | 3608 (91.8) | 11.906 | <0.001
Memory-related disease 122 (93.1) | 3884 (98.8) | 29.252 | <0.001
Asthma 124 (94.7) | 3889 (98.9) | 18.839 | <0.001
Dyslipidemia 96 (73.3) | 3590 (91.3) | 48.902 | <0.001
Diabetes 118 (90.1) | 3753 (95.4) | 8.124 0.008
Cancer 123(93.9) | 3888 (98.9) | 21.172 | <0.001
Chronic lung disease 117 (89.3) | 3770 (95.9) | 13.193 | <0.001
Liver disease 120 (91.6) | 3836 (97.6) | 15.290 | <0.001
Heart disease 109 (83.2) | 3725(94.7) | 31.685 | <0.001
Stroke 119 (90.8) | 3834 (97.5) | 18.943 | <0.001

Table 1. Participant characteristics from the 2014 China Health and Retirement Longitudinal Study survey
(N'=4063). CKD. Chronic kidney disease.
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In the analysis of the association between CKD and ACE:s total score, three dimensions (Conventional ACEs,
Expanded ACEs, and New ACEs) and specific items, we observed a positive correlation between CKD and ACEs
total score, total Conventional ACE scores, as well as Conventional ACE items 2, 5, 6, 8,9 and Expanded ACEs 2.
These correlations were statistically significant. Additionally, there was a negative correlation between CKD and
item 3 in the Expanded ACEs category, and this correlation was statistically significant (see Table 2).

Before conducting binary logistic regression analysis, variables were selected through independent samples
t-tests, chi-square tests, and collinearity diagnostics. Then, the selected independent variables were included
in the binary logistic regression analysis. The results indicated that Conventional ACEs 5, Conventional ACEs
6, Conventional ACEs 9, memory-related disease, dyslipidemia, cancer, chronic lung disease and liver disease
were risk factors influencing whether participants had CKD. Expanded ACEs 3 was protective factor influencing
participants had CKD (see Table 3).

According to the results of binary logistic regression, CA5, CA6, CA9, EA3, memory-related disease,
dyslipidemia, cancer, chronic lung disease and liver disease were influencing factors in subjects with CKD.
Therefore, further ROC curve analysis of these variables showed that CA5, CA6, CA9 and dyslipidemia had
significant diagnostic value for the occurrence of CKD. The accuracy of diagnosis was CA5 (57.0%), CA6
(58.3%), CA9 (59.4%) and dyslipidemia (59.8%) (see Fig. 2 and Table 4).

Table 5 displays the cross-sectional association between CKD and ACEs groups at baseline in 2014 as
participants’ age. The results indicate that, as participants’ age, the three models showed no statistical significance
with the Expanded ACEs group, while they exhibited statistical significance with both the Conventional ACEs
group and the New ACEs group. Furthermore, it can be observed that, across model 1, 2 and 3, there is a higher
risk associated with the Conventional ACEs group, suggesting that participants exposed to the Conventional
ACE:s group have a higher risk of developing CKD. Conversely, the risk is lower between models 1, 2 and 3 and
the New ACEs group, indicating a lower risk of CKD among participants exposed to the New ACEs group. All
three models show no statistical significance with the Expanded ACEs group.

Discussion

As far as we known, this study represents the first longitudinal investigation utilizing nationally representative
data to examine the relationship between adverse childhood experiences (ACE) and chronic kidney disease
(CKD) among the Chinese population aged 45 and above. The study identified a relationship between ACEs and
CKD incidence. Among the three sets of 16 categories of ACEs, Conventional ACEs 5 (During the years you
were growing up, which one of the followings did your female/male guardian ever have?), Conventional ACEs 6
(Have your father/mother ever beat up your mother/father?), Conventional ACEs 9 (When you were growing up,
did your female/male guardian ever hit you?), and Expanded ACEs 3 (Was it safe being out alone at night in the
neighborhood where you lived as a child?) were identified as major factors influencing the occurrence of CKD.
Additionally, CKD incidence was associated with participants’ memory-related disease, dyslipidemia, cancer,
chronic lung disease and liver disease. ROC curve analysis of these variables revealed significant diagnostic
value for the occurrence of CKD in Conventional ACEs 5, Conventional ACEs 6, Conventional ACEs 9, and
dyslipidemia.

There is limited research exploring the relationship between ACEs and CKD. Despite scholars finding that
ACEs increase the risk of chronic diseases in middle-aged and elderly individuals, most studies do not encompass
kidney diseases'®!”. Furthermore, when chronic diseases are investigated, they are often studied collectively
without subgroup analysis for different disease types'®!®. This approach results in considerable confounding
factors, making it challenging to elucidate the association between CKD and ACEs. A cross-sectional study
conducted by Merrick and colleagues across 25 states in the United States revealed that ACEs are a risk factor
for the occurrence of CKD?’. ACEs have been shown to be a risk factor for late-onset chronic kidney disease
in a large prospective cohort study in the United Kingdom’, but they only included Conventional ACE items.
Evidence suggests that Conventional ACEs may no longer adequately capture the diverse childhood adversities
experienced by different populations, necessitating the addition of new items for supplementation®!?2, Therefore,
this study incorporates both Expanded and New ACEs categories to better measure the occurrence of ACEs in
the study population. Additionally, these studies have primarily focused on developed countries, and there is a
lack of research investigating such associations in developing countries where the prevalence of ACE:s is higher.

It appears from a considerable body of evidence that the impact of ACEs on CKD is physiologically plausible.
Firstly, it has been established that early childhood adverse experiences have negative effects on the nervous,
endocrine, and metabolic systems. These effects may stem from alterations within the hypothalamic-pituitary-
adrenal (HPA) axis and the autonomic nervous system?*. Repeated exposure to ACEs can lead to dysregulation
of the stress system, diminished immune function, and an increase in inflammatory markers?*?>, Elevated
levels of inflammatory markers such as C-reactive protein and interleukin-6 further contribute to increased
susceptibility to chronic inflammation”%, thereby raising the risk of individuals developing CKD. Furthermore,
for individuals already affected by kidney disease, the prolonged stress response triggered by ACEs increases the
risk of premature mortality”.

The current study’s findings revealed a positive association between exposure to Conventional ACEs and an
elevated risk of CKD. Specifically, it was observed that individuals who had endured such Conventional ACEs
were at a heightened risk of developing CKD. This may be related to the participants’ prolonged exposure to
stress during childhood, which increased their susceptibility to chronic inflammation and, thus, their likelihood
of developing CKD”%. Expanded ACEs 3 was negatively correlated with the risk of CKD. That is, participants
who experienced Expanded ACEs 3 had a reduced risk of developing CKD. The findings of this study indicate
that unsafe neighborhood serve as a protective factor for CKD, which contradicts the view of Liu et al. that
unsafe neighborhood are significantly associated with an increased number of chronic diseases?. A possible
reason for this discrepancy is that individuals who live in unsafe environments for an extended period may
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OR (95% CI) P-value
CA2 1.858 (0.670, 5.150) 0.234
CA5 1.742 (1.115, 2.721) 0.015
CA6 1.581(1.024, 2.442) 0.039
CA8 1.501(0.754, 2.991) 0.248
CA9 2.190 (1.288, 3.725) 0.004
EA2 1.033(0.657, 1.622) 0.889
EA3 0.195 (0.085, 0.444) <0.001
Hypertension 1.538 (0.932, 2.540) 0.092
Digestive disease 1.141 (0.745, 2.100) 0.673
Memory-related disease | 3.297 (1.140, 9.538) 0.028
Asthma 1.024 (0.290, 3.620) 0.970
Dyslipidemia 2.536 (1.521, 4.230) <0.001
Diabetes 1.136 (0.531, 2.430) 0.743
Cancer 6.369 (2.464, 16.461) | <0.001
Chronic lung disease 2.261 (1.091, 4.684) 0.028
Liver disease 3.050 (1.432, 6.497) 0.004
Heart disease 1.706 (0.899, 3.238) 0.102
Stroke 1.108 (0.431, 2.849) 0.831

Table 3. Binary logistic regression models for ACEs and health conditions associated with CKD. CA5,
Conventional ACEs 5; CA6, Conventional ACEs 6; CA9, Conventional ACEs 9; EA3, Expanded ACEs 3.

develop stronger stress tolerance and adaptability, known as “adversarial resilience,” thereby reducing their risk
of CKD by enhancing psychological resilience and coping strategies. These individuals may prioritize health
management and adopt more proactive lifestyles. The specific reasons remain unclear, but this discovery
suggests that we need to delve deeper into the impact of unsafe neighborhood on health, particularly in different
cultural and socioeconomic contexts. Further research in this area is necessary to better understand the causal
relationship between unsafe neighborhood and CKD risk and to explore other potential mediating variables or
moderating factors.

In this study, Conventional ACEs 5, Conventional ACEs 6, and Conventional ACEs 9 were found to be the
main influencing factors on the development of CKD, and these three ACEs’ factors can be broadly categorized
into two broad categories: domestic violence and caregiver’s adverse habits. Studies have shown that exposure to
domestic violence during childhood can have a significant negative impact on adult health status. This type of
violence not only affects the psychological well-being of the child but also has direct physiological consequences.
For instance, it can lead to chronic stress responses within the body, which in turn disrupt the normal functioning
of the HPA axis®. This disruption can cause hormonal imbalances, such as increased levels of cortisol, which
have been associated with a range of health issues including increased blood pressure and altered glucose
metabolism. Moreover, children who experience domestic violence are more likely to develop maladaptive
coping mechanisms, such as emotional eating or reduced physical activity levels*. These behaviors can further
exacerbate the risk of developing obesity, hypertension, and diabetes mellitus, all of which are significant risk
factors for CKD. Studies have also found that living with a caregiver who has a history of alcohol and drug abuse
increases the likelihood of risky behaviors and chronic disease rates in adulthood. Such caregivers are likely to
provide an unstable and chaotic living environment. This not only exposes children to potential physical harm
but also leads to emotional neglect. As a consequence, children may develop maladaptive coping mechanisms,
such as substance abuse themselves or engaging in high-risk sexual behaviors*. These two aspects of ACEs are
highly likely to cause varying degrees of damage to the metabolic, cardiovascular, immune and nervous systems.
This early damage will make children face many severe health challenges in their future lives, thereby greatly
increasing the probability of developing CKD?'.

The results of this study revealed that 3876 individuals, accounting for 95% of the total participants, had
experienced three or more ACEs. Moreover, 52.9% had experienced five or more ACEs, a considerably higher
proportion compared to other developing countries. For instance, in Saudi Arabia, 41.7% of the study population
reported exposure to three or more ACEs'S, and in the Philippines, only 9% of the population was reported to
be exposed to four or more ACEs?2. Developed countries showed lower percentages, with 37% of participants
in Canada having experienced two or more ACEs®?, and a survey in the United States involving 29,212
participants indicating that 59% had experienced at least one ACE*. The underlying reasons for this might
be attributed to the relatively older age of the study participants and the less developed economic conditions
in China during the 1970s and 1980s**, during this period, there was a lack of formulated public policies and
widespread dissemination of relevant concepts. Particularly in rural areas, where there was an encouragement
of higher birth rates®, the attention towards the mental and physical well-being of adolescents was insufficient.
Furthermore, the richness of the ACE items included in this study, compared to other research, has to some extent
increased the prevalence rate. Moreover, among participants in China who experienced ACEs, the educational
attainment is predominantly concentrated at the primary school level and below. In contrast, research reports
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CA9 0.594 | 0.001 0.544 0.644
EA3 0.466 | 0.229 0.407 0.525
g’i[:;‘;’ery'related 0523 | 0.417 0.465 0.581
Dyslipidemia 0.598 | 0.001 0.537 0.659
Cancer 0.523 | 0.420 0.465 0.581
Chronic lung disease | 0.537 | 0.196 0.478 0.596
Liver disease 0.535 | 0.217 0.476 0.594

Source of the Curve
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CA9
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Memory-related disease
—— Dyslipidemia
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Chronic lung disease
Liver disease
- Reference Line

Table 4. ROC area, P value and 95% Confidence for subjects with the Diagnosis of CKD. CA5, Conventional
ACEs 5; CA6, Conventional ACEs 6; CA9, Conventional ACEs 9; EA3, Expand ACEs.
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Conventional ACEs Expanded ACEs New ACEs

Models | HR (95% CI) P-value | HR (95% CI) P-value | HR (95% CI) P-value
Model 1 | 1.485(1.288,1.712) | <0.001 | 0.882(0.584, 1.333) | 0.552 0.501 (0.383, 0.656) | <0.001
Model 2 | 1.494 (1.297,1.721) | <0.001 | 0.901 (0.599, 1.355) | 0.617 0.493 (0.377, 0.646) | <0.001
Model 3 | 1.544 (1.345,1.773) | <0.001 | 0.872(0.575, 1.324) | 0.522 0.493 (0.375, 0.648) | <0.001

Table 5. Cox survival analysis regression models were employed to examine the changes in CKD with age
across different ACEs models. Model 1, represents the unadjusted confounding factors; Model 2, adjusts for
gender, age, residence, and education level; Model 3, adjusts for Hypertension, Digestive disease, Memory-
related disease, Asthma; Dyslipidemia, Diabetes, Cancer, Chronic lung disease, Liver disease, Heart disease,
Stroke.

from Saudi Arabia and the United Kingdom indicate that the cultural levels of their surveyed populations are
more concentrated at the college or university levels”!%. This could be due to the inclusion of middle-aged and
elderly participants aged 45 and above in this study, during a time when compulsory education had not yet been
universally implemented in China.

Strengths and limitations

In this study, data from a large, nationally representative longitudinal survey were analyzed. According to our
knowledge, the relationship between ACEs and CKD has never been studied longitudinally before among
individuals aged 45 and above in developing countries. The study included a large number of participants,
and the samples are well representative. Three models were established using the Cox proportional hazards
regression model to assess hazard ratios (HRs) and 95% confidence intervals (95%Cls). Additionally, the study
included a total of 16 items, encompassing Conventional ACEs, Expanded ACEs, and New ACEs, providing a
more comprehensive measurement of the occurrence of ACEs in the population of developing countries.

It is important to note that our study has some limitations. Firstly, the investigation of ACEs was not based
on prospective research conducted during the subjects’ childhood but rather obtained through retrospective
descriptions, introducing potential recall bias. Secondly, despite our efforts to adjust for confounding factors,
there are still unconsidered confounders in this study, such as socioeconomic characteristics of the population.
Thirdly, the study’s data is solely derived from a Chinese database, and the conclusions drawn may not be
generalized to other countries. This study still has limitations, but the findings can still be helpful to clinical
practitioners, public health administrators, etc., in understanding the association between ACEs and CKD,
providing theoretical support for their clinical decision-making or public health policy formulation.

Conclusions

In this study, Conventional ACEs 5, Conventional ACEs 6 and Conventional ACEs 9 were risk factors
influencing whether participants had CKD. Expanded ACEs 3 was protective factor influencing participants had
CKD. Additionally, chronic diseases such as memory-related disease, dyslipidemia, cancer etc., also influence
the onset of CKD. As a result of this study, we contribute further to the understanding of the impact of ACEs
on population health. Our research emphasizes the importance of addressing ACEs globally, advocating for the
well-being of adolescents, and reducing the incidence of CKD in older adults, thereby lessening the burden of
chronic diseases and enhancing overall quality of life.

Data availability

The data that support the findings of this study are available from the China Health and Retirement Longitudinal
Study (CHARLS), data can be accessed via http://charls.pku.edu.cn/en, but restrictions apply to the availability
of these data, which were used under license for the current study. Data are however available from the authors
upon reasonable request and with permission of CHARLS research team. The authors had no special access
privileges in accessing data from CHARLS.
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