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Abstract
Background Adverse childhood experiences are critical factors in depression and cognitive decrease, but the effect 
of adverse childhood health experiences (ACHEs) on cognitive function and the role of depression have not been fully 
studied.

Methods Data were taken from the China Health and Retirement Longitudinal Study (CHARLS) of 2014 and 2018. 
This study used indicators of situational memory ability and mental status to measure cognitive capacity. Besides 
analyzing the different types of ACHEs, scores for ACHEs were calculated to represent the severity of ACHEs. The 
Center for Epidemiologic Studies Depression Scale (CES-D) was used to assess depression. The analysis of this study 
employed two different analytical strategies in order to examine the mediated effects of depression. We used Sobel’s 
test and Baron and Kenny’s causal step approach, which utilized a generalized least squares regression model. 
Furthermore, a logistic regression model was used to evaluate the robustness of the Karlson-Holm-Breen (KHB) 
approach.

Results In this study, 6301 individuals who met the requirements of the study were included. We found that being 
confined to bed (ACHE3) (β=-0.3846, p = 0.022) in childhood had a negative impact on cognitive function. Similarly, 
ACHEs had a negative effect on cognitive function (β=-0.0819, p = 0.090). And after the depression had been 
introduced into the model, the regression coefficient of ACHEs on cognitive function was no longer significant (β=-
0.0170, p = 0.727). The Sobel test showed that for ACHE3, the mediated proportion of the total effect of depression 
was 36.92%. While for ACHEs, the proportion of the mediated effect of depression was 70.11%. Finally, a robustness 
test of the mediating effect using the KHB method revealed that the mediating effect still existed. Further, based on 
different gender, age, and educational levels, the heterogeneity test indicated that the relationship between ACHEs 
and cognitive function and mediating effects of the depression were different as well as passing the robustness test 
of the interaction.
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Introduction
The cognitive function of an individual is one of the 
most significant indicators of health [1]. Normal aging 
is accompanied by cognitive decline, and severe cogni-
tive decline even results in mild cognitive impairment 
(MCI) [2]. As defined by Peterson in 1999, mild cognitive 
impairment (MCI) is a state that occurs between normal 
aging and dementia. It can be referred to as a transitional 
state between both types of disorders [3]. Indeed, the typ-
ical feature of the onset of dementia is MCI, which is one 
of the most prominent burdens of an aging population.

With the aging of the worldwide population, the num-
ber of people who suffer from dementia is predicted to 
increase to 82  million by 2030 and almost double by 
2050 worldwide [4]. According to the data reported in 
the China Census Yearbook, China has 260 million peo-
ple over 60 years old, accounting for 18.7% of the total 
population of 1.4  billion in 2019 [5]. Meanwhile, nearly 
15.07 million people with dementia are aged 60 years and 
above in China, and this number accounts for approxi-
mately 25.5% of the entire population with dementia 
worldwide [6]. The number of people with dementia in 
China is already the highest in the world [7]. The study 
revealed that the incidence, mortality, and disability-
adjusted life year (DALY) rates of dementia in the Chi-
nese population in 2019 tended to increase with age and 
had increased by more than 150% each year for the past 
three decades [8].

A number of factors contribute to cognitive decline, 
including education level [9, 10], socioeconomic status 
(SES) [11, 12], and chronic illnesses, such as strokes [13] 
and diabetes [14]. Recently, a growing number of stud-
ies have begun to focus on early life experiences, which 
appear to be associated with dementia and cognitive 
impairment in later life [15]. Based on the life-course per-
spective, it is considered that early life experiences are of 
great significance. Actually, there is no denying that early 
exposure plays out in adulthood, and it does not need to 
be physical for these early experiences to have an impact 
on later life health [16, 17], and this implies that early life 
experiences are associated with psychological changes 
that have a lasting effect on health in later life. Also, due 
to the particular sensitivity of cognitive function during 
childhood to environmental factors, such changes can 
also have a lasting impact on the quality of life through-
out life [18]. In addition, according to the cumulative 
advantage/disadvantage theory, risk exposure over the 
course of a lifetime is cumulative, and disadvantages 

experienced at different points in time may have an 
impact on later health problems [19]. Even so, the major-
ity of existing research had focused on the effects of 
adverse childhood experiences (ACEs) which included 
childhood abuse, poverty, or dysfunctional family func-
tioning on adult health. For example, researchers have 
demonstrated that any adversity suffered during child-
hood has been associated with a wide range of health 
outcomes in adulthood, such as depression [20–23], 
immune dysfunction [24], cardiovascular disease [25–
28], and disturbances in sleep [29]. Several studies have 
examined adverse childhood health status as well, sug-
gesting that childhood health status remains a significant 
factor in functional health trajectories in old age [30]. 
A study conducted from The China Health and Retire-
ment Longitudinal Study (CHARLS) in 2011 confirmed 
the existence of a significant link between the health of 
Chinese children and their adult health. A study for 7 598 
Chinese adults over 45 found that caring for their child-
hood was critical to their health later in life [31]. How-
ever, in our review, there were no studies that included 
adverse experiences due to health problems in adverse 
childhood experiences (ACEs) and much less evidence of 
the impact of these childhood experiences on cognitive 
health in adults. We have proposed that adverse child-
hood health experiences (ACHEs) stand for poor health 
condition and the adverse experiences that result from 
health condition in childhood based on the definition of 
ACEs which stands for multiple adverse events that hap-
pened in childhood [32, 33]. In our study, we thought that 
this concept might be applied to health-related adverse 
childhood experiences (ACEs). At the same time, we pro-
posed the following question: Do ACHEs affect cognitive 
function in Chinese middle-aged and older people?

Additionally, a substantial amount of research has been 
conducted on the relationship between ACEs and depres-
sion, suggesting that ACEs are risk factors for depression 
[20, 34, 35]. According to the sociological perspective of 
social integration and mental health, social integration 
at the community and organizational levels contributes 
to positive mental health [36–38]. It is generally under-
stood that social integration refers to the extent to which 
people are interconnected within a society or community 
group. The main source of social integration for children 
is friendship networks, and the vast majority of friend-
ship networks are developed at school and maintained 
[39]. School-age children who are recovering from ill-
ness, or who have ACHEs, such as dropping out of school 

Conclusion The decline in cognition had been shown to be correlated with ACHEs and depression mediated this 
relationship. Positive interventions might help to improve cognitive performance in individuals suffering from ACHEs 
and depression.
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or being hospitalized, will be intermittently socialized 
throughout these experiences thereby failing to maintain 
friendship networks. According to our definition, ACHEs 
include poor health status during childhood. Whereas 
the consequences of poor health in children may accu-
mulate over time and eventually result in chronic disease 
[40]. Meanwhile, children who suffer from pediatric or 
chronic illnesses are less likely to participate socially [41], 
thereby reducing their social integration. And it is clear 
from the evidence that there is an association between 
social integration during childhood and depression [42, 
43]. As a result of what has been discussed above, it is 
reasonable to assume that there is a relationship between 
them.

Furthermore, it has been found that depression has 
been implicated as one of the risk factors for demen-
tia, recent years have seen significant attention paid to 
depression because of its association with cognition [44], 
and significant correlations have been demonstrated in 
recent studies to suggest that depression is closely related 
to cognition [45–47]. Also, it is generally observed that 
depression plays a mediating role in studies of cognitive 
abilities [48–51]. Therefore, the purpose of this study was 
to investigate whether ACHEs have an impact on cogni-
tive function in Chinese middle-aged and older adults 
through depression levels as a mediating variable.

It is important to note that the concept of cumulative 
risk has previously been used by researchers for measur-
ing ACEs, such as constructing a scale to measure the 
number of adverse experiences and using the outcomes 
of the scale as predictors of future outcomes [52], how-
ever, the severity of ACEs was not taken into consider-
ation when the study was conducted. As part of a study 
to explore the relationship between ACHEs and cognitive 
function in Chinese middle-aged and older adults, we 
included the degree of exposure to ACHEs. The exposure 

score can be used to measure how ACHEs affect cogni-
tive function.

According to the stress process model, it is critical to 
examine how stressors combine over the life course [53]. 
In our study, we proposed a conceptual framework (as 
shown in Fig.  1.) based on the literature and theories 
mentioned above and the stress process model. ACHEs 
were regarded as a primary stressor that might ultimately 
lead to adverse health outcomes (stress outcomes). Cog-
nition was examined as a consequence of ACHEs in this 
study. Meanwhile, depression served as a mediator in the 
relationship between ACHEs and cognition.

Materials and methods
Study sample
This study utilized a cross-sectional design, and the data 
were primarily collected from the China Health and 
Retirement Longitudinal Study (CHARLS) that covered 
the years 2014 and 2018. CHARLS is a nationally rep-
resentative survey of individuals aged 45 and older in 
China. In 2011, a baseline survey was conducted. Follow-
ing that, three follow-up surveys were conducted in 2013, 
2015, and 2018. There was a collection of information on 
middle-aged and older adults for demographic and life-
style variables, and a life history interview was conducted 
in 2014 in order to gather data regarding childhood 
health experiences. Although many studies have focused 
on MCI in older adults [54–56], there are studies indi-
cating that midlife represents the critical stage when the 
brain begins its transition to aging [57, 58], and the study 
on cognitive decline in the middle-aged and elderly pop-
ulation has become a research priority [59]. Therefore, it 
is acceptable to cover the middle-aged and elderly pop-
ulation in the study of cognitive function. Finally, there 
were 6301 middle-aged and older adults over the age of 
50 in the total sample that were retained after missing 

Fig. 1 The proposed conceptual framework
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values for relevant variables were excluded. The process 
of sample screening is shown in Fig. 2.

Variable
Cognitive function
As part of the study, the cognitive function of middle-
aged and older adults was considered the dependent vari-
able. There are several methods of measuring cognitive 
function in individuals in the literature, situational mem-
ory capacity and mental status are commonly used as a 
measure of cognitive function [60, 61].

The concept of situational memory refers to the ability 
to recall specific events in a given situation. As part of the 

CHARLS questionnaire, the interviewer read ten words 
to the respondent and asked the participants to recall the 
words they heard three different times, and each word 
recalled was given a score of 1. It was calculated that the 
situational memory score, which ranged from 0 to 10, 
would be based on the average of the three recall scores.

Mental status was measured by the number of correct 
answers to five mathematical questions, whether the par-
ticipants knew the year, month, day, week, and season at 
the time of the interview, and the ability of participants 
to redraw the picture. For every correct answer, 1 point 
would be given, and the total score was added to the 
mental state score, which was on a scale of 0 to 11, based 

Fig. 2 Sample Selection Process
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on the number of correct answers. After that, a cognitive 
function score was computed by adding the situational 
memory and mental state scores, where the cognitive 
function score ranged from 0 to 21.

Adverse Childhood Health Experiences
Based on self-reports, health experiences during child-
hood (before the age of 15) were assessed among 
middle-aged and older adults over 50 years of age. In 
accordance with the CHARLS Life Interview Question-
naire, the items of the ACHEs in our study included: the 
health status compared to other children of the same age 
(ACHE1), missing school (ACHE2), being confined to 
bed (ACHE3), and length and frequency of hospitaliza-
tions (ACHE4 & ACHE5).

In order to represent the exposure level of ACHEs, 
we recoded ACHE1, about average and healthier were 
assigned a value of 0 [62]. The final results of the recoding 
are as follows: About average and Healthier = 0, Some-
what less healthy = 1, Much less healthy = 2. In addition, 
the score increased by 1 point if each of another four 
items from ACHEs occurred. After the calculation was 
done, the score could be used to determine the degree 
that the adult had been exposed to ACHEs. The higher 
score means the more severe ACHEs. In this study, the 
total values ranged from 0 to 6.

Depression
Depression was measured by using a revised 10-item ver-
sion of the Center for Epidemiologic Studies Depression 
Scale (CES-D), which has been adapted in the CHARLS 
questionnaire [63]. A four-point scale was used to rate 
eight negative statements (e.g., I feel depressed) and two 
positive statements (e.g., I am happy). By reverse-scoring 
the two positive statements, we calculated the scores of 
the ten items, the higher the score, the more severe the 
depression. The 10-item CES-D scale was validated in 
a study conducted by Chen and Mui with elderly Chi-
nese respondents [64]. And the CES-D-10 used in this 
study demonstrated reasonable internal consistency with 
α = 0.8049.

Covariates
In this study, there were three aspects of covariates, 
including demographics, health status and functioning, 
and socioeconomic conditions. Age (50 ~ 60 years old 
and 60 ~ 95 years old), gender (male and female), mar-
riage (unmarried and married), education, and place of 
residence were included in the demographics; residences 
were categorized based on the CHARLS questionnaire 
options as Central of City/Town = 1, Urban-Rural Inte-
gration Zone = 2, Rural = 3, and Special Zone = 4, and edu-
cation was coded as Illiterate = 0, Elementary School = 1, 
Middle School = 2, High School = 3, College or above = 4.

Aside from chronic disease conditions (yes and no), 
sleep status, smoking and drinking habits, and activi-
ties of daily living (ADL) were included in health status 
and functioning. As part of the CHARLS questionnaire, 
respondents were asked to specify six activities of daily 
living (ADL) that they perform on a daily basis, which 
included dressing, bathing, eating, transferring, incon-
tinence, and toileting [65]. ADL was treated as a dichot-
omous variable. In the event that any difficulty was 
reported, the reporter would be recognized as having 
difficulty with ADL [66]. Accordingly, we coded 0 for 
respondents with difficulty with ADL and 1 for respon-
dents without such difficulties. In accordance with the 
Healthy China Initiative (2019–2030), sleeping more than 
seven hours at night was defined as enough sleep, whilst 
not enough sleep was defined as spending at least seven 
hours [67].

With the questionnaire, we assessed smoking and 
drinking status not only in the last 12 months but also 
in the questions “Do you still have the smoking habit or 
have you totally quit?” and “When did you quit or reduce 
drinking?”. As part of our approach to estimating smok-
ing and drinking covariates, we took into account quit-
ting smoking and drinking as well as having a history of 
smoking and drinking. Finally, smoking and drinking 
habits were coded as dichotomous variables, where yes 
and no represent the presence or absence of a history of 
smoking and drinking.

According to fundamental cause theory (FCT), higher 
socio-economic status (SES) is associated with better 
health outcomes through health-promoting behaviors 
[68, 69], and there was evidence that indicated that health 
behaviors may be influenced differently by the economics 
and education of the SES [70]. In order to measure SES, 
variables such as the education of parents, the economic 
status of childhood families, and individual income were 
considered.

The question on the economic status of childhood 
families in the CHARLS 2014 questionnaire was as fol-
lows: “When you were a child before age 17, compared to 
the average family community/ village at that time, how 
was your family’s financial situation”, the question had 
four options, which were 1 = a lot better off than them; 
2 = somewhat better off than them; 3 = same as them; 
4 = somewhat worse off than them; 5 = a lot worse off than 
them. Accordingly, we recoded worse as 0 for poor child-
hood family financial circumstances, similar to them as 
1 for moderate childhood family financial circumstances, 
and better as 2 for good childhood family financial cir-
cumstances. Further, as a result of the complexity of the 
CHARLS income item and the fact that elderly individu-
als do not have fixed incomes, the final sum of individual 
income includes negative cases. Thus, we used household 
per capita expenditure (PCE) as a proxy for household 
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per capita income and logarithmize it. The coding of the 
variables is shown in Table 1.

Statistical analysis
Firstly, we used the mean ± standard deviation of continu-
ous variables for describing the basic characteristics of 
participants, as well as proportions for categorical vari-
ables. Additionally, Judd and Kenny’s suggestions [71], 
as well as Baron and Kenny’s causal steps approach [72] 
were used to explore the relationship between adverse 
childhood health experiences (ACHEs), depression, and 
cognitive function.

As a result, the following three regression processes 
would be estimated, thereby validating the propagation of 
mediated effects:

They are first regressing the independent variable (X) 
on the mediating variable (M) to verify whether it is cor-
related (Fig. 3, path a). Second, a regression is carried out 
between the independent variable (X) and the depen-
dent variable (Y) in order to verify the relevance of the 
relationship (Fig. 3, path c). Third, both the independent 

variable (X) and the mediating variable (M) will be 
regressed on the dependent variable (Y) to verify whether 
the mediating variable (M) is correlated with the depen-
dent variable (Y) and also to test whether the effect of the 
independent variable (X) on the dependent variable (Y) 
is diminished by mediating variable (M) (Fig.  3, path b 
& path c’). In this case, it is regarded as fully mediated 
when the final effect of the independent variable (X) on 
the dependent variable (Y) is no longer significant.

It was our intention to test the mediating effects in the 
empirical evidence through the Sgmediation command 
in Stata software, as well as the significance tests used to 
analyze these mediating effects, which included the Sobel 
test [73], the Goodman test 1, and the Goodman test 2.

It is pertinent to note that the dependent variable in 
this study was the cognitive function of middle-aged and 
elderly people. As a continuous variable, it is possible to 
evaluate the cognitive ability of the sample, and using it 
as a categorical variable enabled us to determine whether 
the cognitive function of the sample was satisfactory or 
not.

Therefore, two methods of analysis would be employed 
in this study. Based on a generalized least squares regres-
sion model, we validated the mediating role of depression 
in the relationship between adverse childhood health 
experiences (ACHEs) and cognitive functioning. Then 
we used a logistic regression model based on the KHB 
method [74, 75] for robustness testing. STATA16 was 
used for the statistical analysis of all procedures.

Results
Description statistics
According to the results of descriptive statistics, the mean 
score of cognition is 13.79 (± 3.07). The characteristics of 
the participants are shown in Table  2. Among the 6301 
respondents, more adults (55.69%) were over 60 years of 
age. Males constituted 57.18% of the sample, a substantial 
proportion of people live in rural areas (67.56%), and the 
majority of participants were elementary school educated 
(43.50%), married (89.95%), non-impaired in activities 
of daily living (50.94%), and had no history of smoking 
(51.94%) and drinking (55.64%). Further, compared with 
the father, the mother had a higher proportion of illiter-
acy (79.69%) when it comes to education level. In addi-
tion, the mean scores of PCE were 6.23 (± 0.94), the mean 
scores of depression were 7.37 (± 5.94), and the means of 
ACHEs were 0.29 (± 0.74).

Additionally, we provide additional information regard-
ing the classification and continuum of adverse child-
hood health experiences (ACHEs) among middle-aged 
and older adults (see Additional file Table  1, Additional 
file Table  2, and Additional file Table  3). ACHE1 was 
observed in 732 (11.62%) middle-aged and older adults, 
whereas ACHE2 was observed in 314 (4.98%). The total 

Table 1 Coding of variables
Variable Indicator Description and 

Assignment
Age 50 ~ 60 years old = 0, 60 ~ 95 years old = 1

Gender Female = 0, Male = 1

Residence Central of City/Town = 1, Urban-Rural 
Integration Zone = 2, Rural = 3, Special 
Zone = 4

Education Illiterate = 0, Elementary School = 1, 
Middle School = 2, High School = 3, Col-
lege or above = 4

Marital status Unmarried = 0, Married = 1

Drink No = 0, Yes = 1

Smoke No = 0, Yes = 1

Sleep situation Enough sleep (≥ 7 h/day) = 1, Non-
enough sleep (< 7 h/day) = 0

ADL Impaired = 0, Non-Impaired = 1

Chronic No = 0, Yes = 1

ChildSES Worse = 0, Same as them = 1, Better = 2

Paternal education level Illiterate = 0, Non-illiterate = 1

Mother’s education level Illiterate = 0, Non-illiterate = 1

PCE log of per capita expenditure

Depression 0 ~ 30

ACHEs 0 ~ 6

ACHE1 (Health Status) About average or healthier = 0, 
Somewhat less healthy = 1, Much less 
healthy = 2

ACHE2 (Missing School) No = 0, Yes = 1

ACHE3 (Confined to Bed) No = 0, Yes = 1

ACHE4 (Hospitalized for a 
month or longer)

No = 0, Yes = 1

ACHE5 (Hospitalized more 
than three times)

No = 0, Yes = 1

Cognition 0 ~ 21
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number of individuals with ACHE3 was 318 (5.05%), 162 
(2.57%) had ACHE4, and 70 (1.11%) had ACHE5. The 
proportion of male middle-aged and older adults who 
suffered from adverse childhood health experiences was 
higher than that of female middle-aged and older adults 
and the proportion of older adults (60 to 95) who had 
ACHE2, ACHE3, and ACHE4 was higher than that of 
middle-aged adults (50 to 60). It should also be noted that 
the proportion of children with elementary school educa-
tion was generally higher than the proportion of children 
with other levels of education for all types of ACHEs. 
Meanwhile, the t-test results did not indicate a significant 
difference in ACHEs among individuals of different gen-
ders and educational levels.

Relevance test
According to Baron and Kenny’s causal steps approach, 
we constructed basic regression models Model 1 ~ Model 
3 in order to validate hypotheses for our research and to 
investigate the relationship between different types of 
ACHEs and cognitive function as well as depression. As 
shown in Table 3, our analysis of Model 1 demonstrated 
a positive relationship between all five types of ACHEs 
after controlling for three aspects of covariates. This 
suggested that middle-aged and older adults who had a 
variety of ACHEs were more likely to develop depression 
with increasing levels of these experiences. In Model 2, 
it was observed that cognitive functioning decreased 
when a person had ACHE3 in childhood. As a result, the 

cognitive functioning score was reduced by 0.385 units 
for each unit increase in ACHE3. And after adding the 
depression variable to Model 3, the relationship between 
ACHE3 and cognitive function ceased to be significant.

The negative effects of different adverse childhood 
health experiences (ACHEs) may interact with one 
another, thus affecting the development of children psy-
chologically and cognitively for a longer period of time. 
In addition to affecting the development of children 
physically and mentally, the negative effects of different 
ACHEs may interact. Accordingly, we also present the 
results of the generalized least squares regression for 
ACHEs, after controlling for all relevant variables, the 
regression model showed that ACHEs were associated 
with depression at a significance level of 1% and had a 
significant negative impact on cognitive functioning at a 
level of significance of 10%. Each unit increased ACHEs 
in a 0.082-unit decrease in cognitive functioning. As a 
result of including the depression variable in Model 3, it 
is evident that ACHEs no longer had significant effects 
on cognitive function.

Mediation effect analysis
As a result of our research, the mediating effect of 
depression was 36.92% for ACHE3, while 70.11% of the 
total effect of ACHEs was mediated by depression, as 
shown in Table 4, according to the Sobel mediating effect 
test.

Fig. 3 Research Pathway Hypothesis

 



Page 8 of 16Wang et al. BMC Public Health         (2023) 23:1293 

Characteristics N / Mean ± SD %
Age
50–60 years old 2792 44.31

60–95 years old 3509 55.69

Gender
Male 3603 57.18

Female 2698 42.82

Residence
Central of City/Town 1456 23.11

Urban-Rural Integration Zone 556 8.82

Rural 4257 67.56

Special Zone 32 0.51

Education
Illiterate 305 4.84

Elementary School 2741 43.50

Middle School 1991 31.60

High School 1089 17.28

College or above 175 2.78

Marital status
Married 5668 89.95

Unmarried 633 10.05

Drink
Yes 2795 44.36

No 3506 55.64

Smoke
Yes 3028 48.06

No 3273 51.94

Sleep
0–7 h/day 3570 56.66

7–15 h/day 2731 43.34

ADL
Impaired 3091 49.06

Non-Impaired 3210 50.94

Chronic
Yes 2758 43.77

No 3543 56.23

ChildSES
Worse 2281 36.20

Same as them 3291 52.23

Better 729 11.57

Paternal education level
Illiterate 2891 45.88

Non-illiterate 3410 54.12

Mother’s education level
Illiterate 5021 79.69

Non-illiterate 1280 20.31

ACHE1
About average or healthier 5569 88.38

Somewhat less healthy 486 7.71

Much less healthy 246 3.90

ACHE2
Yes 314 4.98

No 5987 95.02

ACHE3

Table 2 Characteristics of participants from CHARLS
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In the meantime, we present the results of Baron and 
Kenny’s causal stepwise method. Pathway a showed that 
ACHE3 (β = 1.8605, p = 0.000) was positively associ-
ated with depressive symptoms. Pathway b showed that 
depression was found to be associated with lower cog-
nitive function (β=-0.0790, p = 0.000) after the inclusion 
of all covariates and ACHE3. Pathway c showed that 
ACHE3 in childhood had a negative impact on cognitive 
function (β=-0.3846, p = 0.022).

After introducing the variable of depression into the 
model, the regression coefficients of ACHE3 on cognitive 
function were no longer significant (β=-0.2376, p = 0.152). 
Accordingly, depression fully mediates the relationship 
between ACHE3 and cognitive functioning (Fig. 4).

Similarly, adverse childhood health experiences 
(ACHEs) were positively associated with depressive 
symptoms (β = 0.8174, p = 0.000). After adding all covari-
ates and ACHEs, depression was found to be associated 
with lower cognitive functioning (β=-0.0790, p = 0.000) 
and ACHEs had a negative effect on cognitive function 
(β=-0.0819, p = 0.090). After introducing the variable 
depression into the model, the regression coefficient of 
ACHEs on cognitive function was no longer significant 
(β=-0.0170, p = 0.727). The relationship between ACHEs 
and cognitive functioning is fully mediated by depression 
as shown in Fig.  5. The findings confirmed the mecha-
nism of the ACHEs on cognitive functioning, which is 
referred to “ACHEs - depression - cognitive function.”

Heterogeneity analysis
Based on the previous results, we further explored the 
heterogeneity of the mediating role of depressive symp-
toms in the relationship between adverse childhood 
health experiences (ACHEs) and cognitive function 
across different groups. Among them, an examination 
of heterogeneity between gender groups was conducted 
using Model 4 ~ 6; an examination of heterogeneity 

Table 3 Regression results of ACHEs and their items
Variable Model 1 Model 2 Model 3

Depression Cognition Cognition
ACHE1 1.100*** -0.106 -0.018

(0.173) (0.081) (0.081)

ACHE2 1.381*** 0.105 0.215

(0.336) (0.161) (0.158)

ACHE3 1.861*** -0.385** -0.238
(0.340) (0.168) (0.166)

ACHE4 1.147** -0.282 -0.191

(0.464) (0.210) (0.210)

ACHE5 2.739*** -0.155 0.064

(0.752) (0.308) (0.306)

ACHEs 0.817*** -0.082* -0.017
(0.107) (0.049) (0.049)

Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01; All control variables were 
included in the model

Table 4 Results of the Sobel mediating effects test
ACHE3 ACHEs

Sobel -0.1471***
(Z= -5.27)

-0.0649***
(Z= -7.09)

Goodman-1 (Aroian) -0.1471***
(Z= -5.26)

-0.0649***
(Z=-7.07)

Goodman-2 -0.1471***
(Z= -5.29)

-0.0649***
(Z=-7.10)

Indirect effect -0.1471***
(Z= -5.27)

-0.0649***
(Z=-7.09)

Direct effect -0.2512
(Z= -1.57)

-0.0276
(Z=-0.58)

Total effect -0.3983**
(Z= -2.47)

-0.0925*
(Z=-1.92)

The proportion of total effect that is mediated 0.3692 0.7011
Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01; All control variables were 
included in the model

Characteristics N / Mean ± SD %
Yes 318 5.05

No 5983 94.95

ACHE4
Yes 162 2.57

No 6139 97.43

ACHE5
Yes 70 1.11

No 6231 98.89

PCE, Mean ± SD 6.23 ± 0.94

ACHEs, Mean ± SD 0.29 ± 0.74

Depression, Mean ± SD 7.37 ± 5.94

Cognition, Mean ± SD 13.79 ± 3.07

Total 6301 100
Abbreviations: ACHEs = adverse childhood health experiences. ADL = activities of daily living. PCE = per capita expenditure. SD = Standard Deviation.

Table 2 (continued) 
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between ages was conducted using Model 7 ~ 9; and an 
examination of heterogeneity between educational lev-
els was conducted using Model 10 ~ 12. Tables  5 and 6, 
and Table 7 show some differences in this mediating role 
among gender, age, and education level.

When it comes to gender differences, ACHEs were 
more detrimental to females than to males, with an 
increase of 1.052 units in depressive symptoms and a 
decrease of 0.138 units in cognitive function for each 
unit increase in adverse childhood health experiences 

Fig. 5 Depression mediates the relationship between ACHEs and cognition

 

Fig. 4 Depression mediates the relationship between ACHE3 and cognition
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in middle-aged and older females. While the number of 
depressive symptoms increased by 0.651 units among 
middle-aged and older males who added ACHEs, cog-
nitive function did not suffer a negative impact. As a 
result of including the variable of depressive symptoms 
in Model 6, ACHEs and cognitive functioning for female 
middle-aged and older adults were no longer correlated, 
suggesting that depression remained a mediating fac-
tor between ACHEs and cognitive functioning in female 
middle-aged and older adults.

Across age groups, adverse childhood health experi-
ences (ACHEs) were positively associated with depres-
sive symptoms in middle-aged and older adults. But with 
increasing scores of ACHEs, older adults were nega-
tively associated with reduced cognitive function, while 
middle-aged adults did not have a significant impact on 
cognitive function. The results of this study indicated 

that ACHEs were more likely to affect older adults com-
pared to middle-aged individuals. When depression was 
included in Model 9, the same insignificant association 
between cognitive function and ACHEs emerged, sug-
gesting that depression might also play a mediating role 
between ACHEs and cognitive function in older adults.

As far as levels of education were concerned, ACHEs 
were consistently and negatively associated with cogni-
tive function among illiterate and college-educated and 
above populations. In contrast, ACHEs were not asso-
ciated with cognitive function among middle-aged and 
older adults with elementary, middle, and high school 
education. Consequently, ACHEs have a more profound 
cognitive impact on illiterate and college-educated and 
above populations than on those with other levels of 
education. It was also found that ACHEs were positively 
associated with depression in people with different levels 
of education. The association between ACHEs and cogni-
tive functioning remained negative when depression was 
added to Model 12 for the illiterate and college-educated 
and above populations, but the coefficient was reduced, 
suggesting that depression might have a partially mediat-
ing role between ACHEs and cognitive function in these 
two populations.

Robustness analysis
Based on the KHB method, which decomposes the 
effects of discrete and continuous variables and extends 
the decomposability of the linear model, we tested 
the robustness of mediating effects by using a logistic 
regression model. Consequently, cognitive function was 
treated as binary variables, our study used the criteria 
of aging-associated cognitive decline (AACD) to Cat-
egorize cognition. The AACD is widely used by clini-
cians and scholars to diagnose mild cognitive decline 
[76]. At 5-year intervals, we divided the respondents into 
different age groups. It should be noted that the cogni-
tive scores above SDs from the mean (age-appropriate 
norms) were coded as 1 which implies that cognition is 
considered to be non-impaired, whereas the cognitive 
scores below SDs from the mean were coded as 0 which 
implies that cognition is considered to be impaired. And 
a score of ≥ 10 on the CESD-10 was defined as presenting 
depressive symptoms, as suggested by Andreson [77].

According to Table 8, we report the results of the KHB 
approach for calculating the mediating effect. After re-
adjusting for the classification of continuous variables, 
it was found that the indirect effect of ACHE3 on cogni-
tive function was − 0.0504 (95% CI: -0.0788 ~ -0.0220). As 
for ACHEs, it showed that the indirect effect on cogni-
tive function was − 0.0214 (95% CI: -0.0317 ~ -0.0111). It 
is evident that the mediating effect persisted even after 
adjusting for the type of variables.

Table 5 Results of the regression analysis of adverse childhood 
health experiences by gender
Gender Model 4 Model 5 Model 6

Depression Cognition Cognition
Male 0.651*** -0.045 0.007

(0.116) (0.062) (0.061)

Female 1.052*** -0.138* -0.057

(0.159) (0.077) (0.077)
Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01; All control variables were 
included in the model

Table 6 Results of the regression analysis of adverse childhood 
health experiences by age
Age Model 7 Model 8 Model 9

Depression Cognition Cognition
50 ~ 60 0.815*** 0.003 0.069

(0.135) (0.067) (0.066)

60 ~ 95 0.809*** -0.149** -0.086

(0.133) (0.069) (0.069)
Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01; All control variables were 
included in the model

Table 7 Results of the regression analysis of adverse childhood 
health experiences by education
Education Model 10 Model 11 Model 12

Depression Cognition Cognition
Illiterate 0.865* -0.613** -0.551**

(0.518) (0.252) (0.251)

Elementary School 0.649*** -0.090 -0.036

(0.146) (0.072) (0.072)

Middle School 1.259*** -0.039 0.061

(0.174) (0.089) (0.089)

High School 0.426** 0.151 0.175

(0.210) (0.110) (0.109)

College or above 0.957** -0.330* -0.327*

(0.379) (0.192) (0.196)
Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01; All control variables were 
included in the model
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According to the heterogeneity test, there was het-
erogeneity in regression coefficients between Model 5, 
Model 8, Model 10, Model 11, and Model 12. Therefore, 
we introduced an interaction between stratified variables 
and depression in order to verify it. The heterogene-
ity verification models Model 5a ~ Model 12a were con-
structed by adding the letter “a” to the original model 
names, respectively and the results are presented in 
Table 9. There was still the possibility of observing a sig-
nificant coefficient after the interaction was introduced. 
This indicated that there was variation among groups in 
the construction of the models and therefore, the hetero-
geneity test results were still valid.

Discussion
We used cross-sectional data from the China Health and 
Retirement Longitudinal Study (CHARLS) of 2014 and 
2018. It was found that adverse childhood health experi-
ences (ACHEs) negatively correlated with cognitive func-
tion and that depression, according to mediation analysis, 
mediated the relationship between these two variables. 
As a result of the various types of adverse childhood 
health experiences, it is clear that being confined to bed 
(ACHE3) was negatively associated with cognitive func-
tion. Aside from that, based on different gender, age, and 
educational levels, the heterogeneity test indicated that 
the relationship between ACHEs and cognitive function 
and mediating effects of the depression were different.

According to our findings, the negative effects of 
ACHEs on cognitive function were consistent with 
those of previous studies. For example, a study on the 
1983 Famine in Ghana, discovered that early childhood 
malnutrition was associated with significant, direct, 
and negative effects on cognitive development in ado-
lescents and adults that persisted throughout their lives 
[78]. Similarly, another longitudinal study that involved 
over 6,100 older participants showed that early health 
adversity, such as being thinner than average at a young 

age, was associated with slower cognitive decline as time 
progressed [79]. Based on an analysis of the early life epi-
demiology of Alzheimer’s disease, it was also found that 
childhood physical illness negatively affected adult cogni-
tion and the structure of the brain as an adult [80].

There is no doubt that previous studies also supported 
the hypothesis that adverse childhood health experiences 
might contribute to depression. According to a study that 
was conducted on Chinese adolescents recently, child-
hood physical disabilities or long-term health problems 
had been shown to be associated with an increased risk 
of depression [81]. Furthermore, childhood trauma is 
known to be associated with adult depression, and it is 
believed that childhood trauma can be a risk factor in 
chronic depression as well [82–84]. From a neurobio-
logical perspective, Yu et al. also found that the presence 
of a history of childhood trauma was associated with 
abnormal connectivity in the brains of adults with severe 
depression as a result of childhood trauma-related expo-
sure to their environment [85]. As well previous studies 
had also connected poor childhood health with depres-
sive symptoms. For example, Raposa et al. revealed that 
poor physical health in childhood might contribute to 
increased health-related stress and inadequate social 
function in adulthood, eventually leading to worsening 
depressive symptoms [86].

Depression has been shown to explain the mechanisms 
responsible for poor cognitive function and even demen-
tia in some cases, and the significant differences in the 
relationship between depression and cognitive function 
due to age may be related to the reserve capacity the-
ory of the brain. There is a definite correlation between 
depression and dementia in later life, which is a result of 
the brain reserve capacity theory first advocated by Satz, 
and the reserve threshold theory provides insight into 
the underlying mechanisms that may underlie the asso-
ciation of depression and dementia in later life [87]. A 
substantial amount of evidence suggested that depression 

Table 8 Total and direct health status and mediators on cognition
Effect Variable β SE Z P 95% CI

Lower Upper
Indirect effect ACHE3 -0.0504 0.0145 -3.48 0.001 -0.0788 -0.0220

ACHEs -0.0214 0.0053 -4.07 0.000 -0.0317 -0.0111

Table 9 The validation of heterogeneity
Variable Model 5a Model 8a Model 10a Model 11a Model 12a
Gender×Depression -0.069***

(0.009)

Age×Depression -0.074***

(0.008)

Education×Depression 0.476*** -0.030*** -0.028***

(0.004) (0.004) (0.007)
Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01; All variables were included in the model
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damages neurons through a variety of pathways, leading 
to reductions in cognitive reserve capacity and increased 
emergence of impaired cognition sooner or more fre-
quently under the influence of depression. Depression, 
for example, has been linked to vascular disease in the 
frontal striatal region, particularly in those suffering from 
depression [88, 89]. Furthermore, it is associated with 
increased levels of glucocorticoids [90], amyloid depo-
sition, and neurogenic fiber formation [91], all of which 
may result in hippocampal damage and increased brain 
damage, reducing the cognitive reserve threshold of the 
brain and result in cognitive impairment. Furthermore, 
this could explain why pathways leading to poor cogni-
tive function were expressed earlier in the elderly early 
life when compared with middle-aged adults, and to the 
extent that the effects were more pronounced among 
older adults.

Depression was found to mediate the relationship 
between ACHEs and cognitive functioning, which is con-
sistent with findings relating to ACEs. Evidence suggests 
that depressive symptoms may be indirectly responsible 
for cognitive decline following ACEs [48, 92]. It indicates 
that adverse childhood health experiences might lead 
to depression which can increase the risk of cognitive 
impairment in the middle-aged and elderly population. 
Additionally, we found that the mediating role of depres-
sion between adverse childhood health experiences and 
cognitive functioning was different by gender. Similarly, 
middle-aged and older Chinese women were more likely 
to suffer from cognitive impairment in a recent study 
[62]. Differences brought by gender can be explained by 
emotions, which are a significant component of psycho-
pathology [93]. These emotions encompass cognitive 
processes that are low in intensity but relatively long in 
duration [94, 95], which can lead to explanations of gen-
der differences. It has been reported that female brains 
contain only half as much of the neurotransmitter (cere-
bral serotonin) that influences their emotional behavior 
as brains of male brains when compared to their male 
counterparts [96]. According to Nolen-Hoeksema, the 
increased vulnerability of females to depression is mainly 
related to gender differences in coping with an initial 
lowering of emotion [97].

Only limited research had been conducted on the dif-
ferential effects of adverse childhood health experiences 
on cognitive functioning at the educational level. Most 
previous studies have found that education is an impor-
tant factor in cognitive development [98, 99]. A study 
using data from the Survey of Aging and Retirement 
(SHARE) of individuals approximately 60 years of age 
suggested that education was associated with a protec-
tive effect against cognitive decline [100]. In our study, 
we found that ACHEs had a more profound effect on 
cognitive functioning and that depression might play a 

mediating role between them, in populations who were 
illiterate or college-educated and above.

The main advantage of this study is that the data were 
from a database of the national population survey, which 
provided abundant data to explore the mediating effect. It 
turned out that we did find a mediating effect of depres-
sion and further verified the statistical significance as 
well as the effect proportion of the mediating effect based 
on the Sobel and KHB method. In spite of this, our study 
has several limitations that need to be considered. First, a 
cross-sectional design was used since adverse childhood 
health experiences are not likely to change over time. 
So that we were still unable to determine the sequential 
relationship between the occurrence of depression and 
cognitive decline, which prevented us from establishing 
a causal relationship between them. Future longitudinal 
studies will be needed to determine the generalizability 
and causality of the findings. Second, due to the fact that 
we used database data, we only considered partial types 
of adverse childhood health experiences and covari-
ates. Therefore, it is necessary to include more types of 
adverse childhood health experiences and covariates 
such as resilience to ACHEs and depression in the study 
in the future. Third, although numerous potential covari-
ates were controlled, confounding factors may still exist 
and affect our findings.

Conclusion
In conclusion, the results of our study demonstrated that 
the negative effects of adverse childhood health experi-
ences on cognitive function were mediated through 
depression. For one thing, this emphasizes the signifi-
cance of policy development that focuses on the physi-
cal condition of children and reduces their psychological 
stress. For another, it also indicates that improvements 
in cognitive function probably require effective interven-
tion strategies during childhood to prevent the onset of 
dementia in middle and old age through interventions 
in risk factors associated with cognitive function so as 
to increase brain cognitive reserve thresholds early in 
childhood development and to establish a foundation for 
delayed cognitive decline in middle and old age.
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