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Abstract
Background
The intergenerational association between maternal adverse childhood experiences (ACEs) and their children’s health-related quality of life (HRQOL) is underexplored. This study aimed to examine such association in Chinese preschool children and to test the moderation role of children’s sex.

Methods
A cross-sectional study was conducted among 4243 mother–child dyads who attended randomly selected preschools. Mothers self-reported their experience of 12 forms of ACEs, including emotional abuse, physical abuse, emotional neglect, physical neglect, intimate partner violence, substance abuse in the household, incarcerated household member, mental illness in household, parental death, parental separation or divorce, bullying, and community violence. Children’s HRQOL was evaluated through mother report of the Pediatric Quality of Life Inventory version 4.0. Linear regression models were established to estimate the associations between maternal ACEs and their children’s HRQOL sub-scores and total scores. Stratified analysis and test for interaction were further conducted to evaluate whether the associations were moderated by children’s sex.

Results
Of the included mothers, 85.8% (n = 3641) had reported exposure to at least one ACE, and 22.3% (n = 948) were exposed to three or more ACEs. Compared to children of mothers without any ACE exposure, those of mothers with 1, 2, or ≥ 3 ACEs all had significantly lower scores of physical, social, and school functioning, as well as lower psychosocial health summary score and total scale score in both crude and adjusted models. However, only children of mothers with two or more ACEs had significantly poorer emotional functioning when compared to their counterparts whose mothers had no ACE exposure. A significant dose-response pattern was also observed between the number of maternal ACEs and children’s HRQOL sub-scores and total scores. Stratified analysis revealed sex-specific pattern between maternal ACEs and their children’s HRQOL. Nonetheless, children’s sex was not a significant moderator.

Conclusions
Our study showed that preschool children of mothers who had any experience of ACEs were at risk of poorer HRQOL. Our findings indicated that screening maternal ACEs in young children and promoting targeted interventions might be a feasible way to mitigate or stop the potential negative intergenerational health and wellbeing implications of ACEs.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13034-023-00570-6.
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Background
Adverse childhood experiences (ACEs) refer to a wide range of potentially stressful or traumatic events that an individual has experienced before the age of 18 years [1], including forms of abuse, neglect, and household dysfunction [2]. Since the landmark study published by Felitti et al. two decades ago [1], cumulative evidence has confirmed a strong, dose-response association of ACEs with a wide range of adverse behavioral and health outcomes in both adults and children [3–10]. A study conducted in the United States has shown that compared to preschool children without exposure to any ACE, their counterparts with experience of three or more ACEs had increased risk of poor teacher-reported academic and behavioral outcomes, such as below-average language and literacy skills, attention problems, social problems, and aggressive behavior [3]. Similar findings were also reported regarding the impact of ACEs experienced in infancy and toddlerhood on poor academic status and maladaptive behaviors at the age of 11 years [4]. Furthermore, a longitudinal study has shown that compared to children with no ACE exposure before the age of three years, the odds of obesity [odds ratio (OR) 2.65, 95% confidence interval (CI) 1.51–4.67, p-value < 0.001], respiratory problems (OR 3.18, 95% CI 1.87–5.39, p-value < 0.001), and poor health ratings (OR 2.21, 95% CI 1.16–4.21, p-value < 0.01) in middle childhood was significantly higher in children with experience of four or more ACEs [5]. A meta-analysis including five longitudinal studies has also demonstrated a positive association between cumulative ACE scores and childhood overweight [6].
Recent years, several studies have further shown that parental exposure to ACEs might affect offspring’s development and health [11–16]. For example, a retrospective cohort study conducted in the United States has shown that both maternal and paternal ACEs were associated with increased risk of suspected developmental delay in their offspring at 2 years of age [11]. A systematic review has further revealed that maternal ACEs were associated with externalizing problems in their offspring across all included studies (n = 11), while the findings were mixed for children’s internalizing problems, with 72.7% (8 out of 11) of the included studies showed a significant association [12]. In addition, there is still debate going on about the gender differences in the association between maternal ACEs and children’s outcomes [13, 15]. A study in Chinese preschool children has found that girls were more likely to have conduct problems than boys when their mothers reported exposure to emotional abuse [13]. Also, girls were more likely to report anxiety compared to boys when their mothers had experience of physical abuse or community violence [13]. In contrast, a study that followed children from birth to two years of age has shown that boys might be more vulnerable than girls when exposed to maternal ACEs [15]. The inconsistent sex-specific findings across aforementioned studies might be caused by the different types of behavioral problems examined, rather than the children’s biological sex. Therefore, there is still a need for further investigations of the intergenerational impact of maternal ACEs on their offspring, as well as the possible moderation role of children’s sex.
Health-related quality of life (HRQOL) is a multidimensional construct that could reflect an individual’s physical, psychological, and social well-being [17]. Reductions in HRQOL scale scores have been linked to cognitive impairment, cardiovascular disease, and even mortality [18–20]. Therefore, measurement of HRQOL has been widely recommended in both clinical practice and research investigations for monitoring overall health [17]. Although previous research has shown that ACE exposure was linked to poorer HRQOL [21], little is known about the intergenerational associations of maternal ACEs with their children’s HRQOL. Mothers with ACE exposure were at higher risk of poorer health, which might lead to their children’s increased ACE exposure [22]. The vicious cycle of ACEs could further cause behavioral problems and poor physical health outcomes in early childhood [23], subsequently contributing to impaired HRQOL in children. Furthermore, maternal exposure to ACEs was associated with problematic parenting practices [24], a key factor that could affect children’s HRQOL [25–27]. Based on aforementioned evidence, we aimed to examine the associations between maternal ACEs and HRQOL in their preschool children in the current study. Stratified analysis and test for interaction were further conducted to evaluate such associations by children’s sex.

Methods
Participants
This cross-sectional study was conducted in Chengdu, a megacity with 12 urban districts, 5 county-level cities, and 3 counties in western China [28]. These three administrative levels were categorized based on factors of urbanization level, industrialization level, and fiscal strength, and so on [29]. To select eligible preschool children, we first randomly selected 4 urban districts, 2 county-level cities, and 1 county. Then, 2 preschools from each selected area were randomly chosen. At last, all children and their parents in these 14 preschools were invited to take part in our study. From May to July 2021, caregivers of 5102 preschool children agreed to join the study and finished an online questionnaire (response rate: 86.5%). We excluded 795 children whose questionnaires were completed by their fathers, 23 children with answers reported by their grandparents or other caregivers, and 41 children with mis-report of age. A total of 4243 mother–child dyads were included in the analysis (Fig. 1).[image: ]
Fig. 1Flow chart of the analytic sample selection process



Maternal ACEs
Maternal ACEs were measured by the Adverse Childhood Experiences-International Questionnaire (ACE-IQ), a widely used instrument developed by the World Health Organization [30]. It showed good validity and reliability in Chinese population [31]. The questionnaire is comprised of 29 items covering childhood adversities of abuse, neglect, household challenges, and exposure to community and collective violence. Given the sensitivity of sexual abuse in Chinese culture, four relevant items were excluded from the survey. In addition, four items about collective violence were also excluded as this form of adversity was not common in China. The final questionnaire included 21 items covering 12 categories of ACEs, i.e., emotional abuse, physical abuse, emotional neglect, physical neglect, intimate partner violence, substance abuse in the household, incarcerated household member, mental illness in household, parental death, parental separation or divorce, bullying, and community violence. The detailed questionnaire items and definitions of each ACE indicator were listed in Additional file 1: Table S1. For ACE indicator that had multiple questions, a mother was considered as having exposed to this particular form of ACE if she reported a positive answer to any of the related questions. Response to each ACE indicator were dichotomized into yes (coded as 1) or no (coded as 0). Cumulative ACE scores were calculated by summing the 12 ACE indicators for each mother, with a range from 0 to 12. All mothers were further categorized into four groups based on the cumulative ACE score, i.e., 0, 1, 2, and ≥ 3 ACEs.

Children’s HRQOL
Children’s HRQOL was reported by their mothers using the Pediatric Quality of Life Inventory version 4.0 (PedsQL 4.0) [32], a reliable questionnaire that has been validated with Chinese children [33]. The questionnaire had two versions for children: 1) 2–4 years (21 items), and 2) 5–7 years (23 items). Both versions are comprised of four dimensions, including physical (8 items), emotional (5 items), social (5 items), and school functioning (3 items for 2–4 years old children and 5 items for 5–7 years old children). Each item used a 5-point Likert scale (0 = never a problem, 1 = almost never a problem, 2 = sometimes a problem, 3 = often a problem, and 4 = almost always a problem). All items were first reverse scored and linearly transformed into a 0–100 range. Then, the scores of each dimension were calculated by averaging all items in the corresponding dimension. A psychosocial health summary score was further calculated as the mean value of scores in the emotional, social, and school functioning dimensions. A total scale score was also calculated by averaging scores of all items in the questionnaire. Scores of each dimension and the summary scales ranged from 0 to 100, with higher scores indicating better HRQOL.

Covariates
Children
Children’s age, sex, status of single child, and primary caregivers were reported by their mothers. The status of single child was classified as yes (1 = single child in the family) or no (0 = more than one child in the family). The primary caregivers of children were categorized into 3 groups as mothers (coded as 1), fathers (coded as 2), and grandparents or other people (coded as 3).

Mothers
Mothers self-reported their information on age, marital status, educational background, monthly per-capita income, level of family harmony, and negative emotional states. Marital status was dichotomized as married (coded as 1) versus unmarried (coded as 2). The latter included single, separated, divorced, and widowed. Monthly per-capita income was categorized into four groups as ≤ 5000 RMB (coded as 1), 5001–10000 RMB (coded as 2), > 10000 RMB (coded as 3), and uncertain (coded as 4), where 1 US $ ≈ 6.96 RMB. Maternal educational background was grouped into three levels as: 1 = junior high school or below, 2 = senior high school, and 3 = bachelor degree or above. The level of family harmony was assessed by the Chinese Family Harmony Scale-5 (FHS-5) [34]. It contained 5 items regarding effective communication, conflict resolution, forbearance, family identity, and quality time within the family. Each item ranged from “do not agree at all” (score 1) to “strongly agree” (score 5). A total score was calculated by summing the 5 items, with higher scores representing greater family harmony. Maternal negative emotional states were evaluated by Depression Anxiety Stress Scales-21 (DASS-21) [35], a self-reported questionnaire that has been demonstrated to be valid and reliable in Chinese adults [36]. The 21-item questionnaire was designed to measure three types of negative emotions, including depression, anxiety, and stress. Each subscale had 7 items that were rated based on a 4-point Likert scale ranging from 0 (did not apply to me at all) to 3 (applied to me very much, or most of the time). Subscale items were summed with higher scores indicating more negative emotions. Cut-off values of 9, 7, and 14 were used to define negative emotional states of depression, anxiety, and stress, respectively.


Statistical analysis
Descriptive statistics were displayed in mean ± standard deviation (SD) for continuous data and frequency (percentage) for categorical data. Characteristics of both children and mothers across different maternal ACE groups were compared by one-way ANOVA test for continuous variables, and χ2 test for categorical variables. To assess the trends in characteristics across the four ACE groups, polynomial comparisons were used to analyze variance in trends for continuous data and the Mantel–Haenszel statistic was used for categorical data. Linear regression models were established to examine the association of maternal ACEs with children’s HRQOL. Model 1 was a crude model. Model 2 adjusted for children’s age, sex, single child status, and primary caregivers, as well as maternal age, marital status, educational background, monthly per-capita income, level of family harmony, and negative emotional states. Dose-response associations between maternal ACEs and children’s HRQOL were further assessed with trend tests. Linearity, normality, homoscedasticity, and absence of multicollinearity were examined for all linear regression models.
Stratified analysis and test for interaction were conducted by children’s sex. Since mothers with negative emotional states might underreport the HRQOL of their children according to the depression-distortion hypothesis [37], we further evaluated the associations between maternal ACEs and children’s HRQOL among mothers without negative emotional states in the sensitivity analysis.
In order to account for statistical power, power analyses were performed to examine the likelihood of multivariate linear regression models detecting specific effect sizes in the current study. The results showed that with an α level of 0.05, the power was high with current sample size (power > 0.98 for HRQOL sub-scores and total scores). Therefore, there was sufficient power to detect small to large effect sizes in the current study.
All data analyses were performed with Stata/SE 15.1 (Stata-Corp, College Station, TX, USA). Statistical significance was two-sided with a p-value < 0.05.


Results
Of the 4243 included mothers, 3641 (85.8%) had experience of at least one ACE, and 948 mothers (22.3%) were exposed to three or more ACEs. The prevalence of included ACE indicators ranged from 0.2% (n = 9 for both household substance abuse and incarcerated household member) to 78.1% (n = 3312 for emotional neglect) (Additional file 1: Table S1). Compared to mothers without any experience of ACEs, greater prevalence of mothers reported unmarried status, low educational background, and negative emotional states in the group with three or more ACEs (Table 1). The mean age of the 4243 children was 4.6 (SD = 1.0) years and approximately half of them were boys (51.7%, n = 2193). Children of mothers who reported three or more ACEs had higher prevalence of being a single child and having a main caregiver of grandparents or other people, compared to those of mothers with no experience of ACEs. The comparison of characteristics by children’s sex was further shown in Additional file 1: Table S2. Except a higher prevalence of maternal depression and better school functioning in girls than boys, no significant difference was observed in other characteristics between different sex. Furthermore, with increasing number of maternal ACEs, we observed significantly lower HRQOL sub-scores and total scores in children (Fig. 2).Table 1Comparison of characteristics of children and mothers by the number of maternal ACEs


	Characteristics
	Number of maternal ACEs (n = 4243)
	P-value for difference
	P-value for trend

	0 (n = 602)
	1 (n = 1919)
	2 (n = 774)
	 ≥ 3 (n = 948)

	Maternal characteristics

	 Age (years), mean ± SD
	33.7 ± 4.6
	33.0 ± 4.5
	32.9 ± 4.6
	33.2 ± 4.7
	0.009
	0.381

	 Marital status, n (%)

	  Married
	588 (97.7%)
	1,855 (96.7%)
	750 (96.9%)
	897 (94.6%)
	0.006
	0.002

	  Unmarried
	14 (2.3%)
	64 (3.3%)
	24 (3.1%)
	51 (5.4%)
	 	 
	 Educational background, n (%)

	  Junior high school or below
	23 (3.8%)
	205 (10.7%)
	80 (10.3%)
	79 (8.3%)
	 < 0.001
	0.181

	  Senior high school
	108 (17.9%)
	485 (25.3%)
	197 (25.5%)
	198 (20.9%)

	  Bachelor degree or above
	471 (78.2%)
	1,226 (64.0%)
	497 (64.2%)
	670 (70.7%)

	 Monthly per-capita income, n (%)

	   ≤ 5000 RMB
	135 (22.4%)
	569 (29.7%)
	209 (27.0%)
	262 (27.6%)
	 < 0.001
	0.536

	  5001–10000 RMB
	170 (28.2%)
	492 (25.6%)
	200 (25.8%)
	244 (25.7%)

	   > 10000 RMB
	240 (39.9%)
	587 (30.6%)
	261 (33.7%)
	341 (36.0%)

	  Uncertain
	57 (9.5%)
	271 (14.1%)
	104 (13.4%)
	101 (10.7%)

	 Negative emotional states, n (%)

	  Depression
	3 (0.5%)
	59 (3.1%)
	35 (4.5%)
	121 (12.8%)
	 < 0.001
	 < 0.001

	  Anxiety
	7 (1.2%)
	91 (4.7%)
	44 (5.7%)
	152 (16.0%)
	 < 0.001
	 < 0.001

	  Stress
	6 (1.0%)
	64 (3.3%)
	39 (5.0%)
	135 (14.2%)
	 < 0.001
	 < 0.001

	 Level of family harmony, mean ± SD
	22.9 ± 3.6
	21.1 ± 4.8
	20.5 ± 4.5
	19.6 ± 4.4
	 < 0.001
	 < 0.001

	Child characteristics

	 Girls, n (%)
	282 (46.8%)
	907 (47.3%)
	389 (50.3%)
	472 (49.8%)
	0.339
	0.108

	 Age (years), mean ± SD
	4.7 ± 1.0
	4.6 ± 1.0
	4.6 ± 1.0
	4.6 ± 1.0
	0.264
	0.383

	 Status of single child, n (%)

	  Yes
	272 (45.2%)
	837 (43.6%)
	355 (45.9%)
	493 (52.0%)
	0.001
	 < 0.001

	  No
	330 (54.8%)
	1,082 (56.4%)
	419 (54.1%)
	455 (48.0%)

	 Primary caregivers, n (%)

	  Mothers
	470 (78.1%)
	1,426 (74.3%)
	571 (73.8%)
	670 (70.7%)
	0.048
	0.002

	  Fathers
	18 (3.0%)
	69 (3.6%)
	23 (3.0%)
	37 (3.9%)
	 	 
	  Grandparents or other people
	114 (18.9%)
	424 (22.1%)
	180 (23.3%)
	241 (25.4%)
	 	 

ACEs adverse childhood experiences, SD standard deviation


[image: ]
Fig. 2Comparison of children’s HRQOL by the number of maternal ACEs. HRQOL, health-related quality of life; ACEs, adverse childhood experiences


The associations between maternal ACEs and HRQOL in children were shown in Table 2. In Model 1 without any adjustment, we found that compared to children of mothers without any exposure to ACEs, those of mothers with experience of one or more ACEs during childhood had significantly lower scores of physical functioning (β = −3.22, 95% CI −5.11 to −1.34, p-value < 0.05 for one ACE; β = −4.72, 95% CI −6.88 to −2.57, p-value < 0.05 for two ACEs; and β = −6.41, 95% CI −8.46 to −4.36, p-value < 0.05 for ≥ 3 ACEs), social functioning (β = −2.48, 95% CI −3.52 to −1.44, p-value < 0.05 for one ACE; β = −4.22, 95% CI −5.47 to −2.97, p-value < 0.05 for two ACEs; and β = −6.13, 95% CI −7.36 to −4.90, p-value < 0.05 for ≥ 3 ACEs), and school functioning (β = −5.88, 95% CI −7.23 to −4.53, p-value < 0.05 for one ACE; β = −5.91, 95% CI −7.49 to −4.32, p-value < 0.05 for two ACEs; and β = −6.26, 95% CI −7.77 to −4.75, p-value < 0.05 for ≥ 3 ACEs), as well as lower psychosocial health summary score (β = −3.07, 95% CI −3.85 to −2.30, p-value < 0.05 for one ACE; β = −4.83, 95% CI −5.77 to −3.88, p-value < 0.05 for two ACEs; and β = −7.55, 95% CI −8.48 to −6.61, p-value < 0.05 for ≥ 3 ACEs), and total scale score (β = −3.11, 95% CI −3.94 to −2.28, p-value < 0.05 for one ACE; β = −4.80, 95% CI −5.81 to −3.79, p-value < 0.05 for two ACEs; and β = −7.26, 95% CI −8.24 to −6.28, p-value < 0.05 for ≥ 3 ACEs). In contrast, only children of mothers who experienced two or more ACEs showed a statistically significant impairment in their emotional functioning (β = −4.35, 95% CI −5.61 to −3.09, p-value < 0.05 for two ACEs; and β = −10.25, 95% CI −11.54 to −8.95, p-value < 0.05 for ≥ 3 ACEs). We also observed significant dose-response associations of maternal cumulative ACE scores with children’s HRQOL sub-scores and total scores (all p-values < 0.001). The results were consistent in adjusted Model 2, although the risk estimates were attenuated. Similar findings were also reported in sensitivity analysis after excluding mothers with negative emotional states (Additional file 1: Table S3).Table 2Association between the number of maternal ACEs and children’s HRQOL


	 	β (95% CI) by number of maternal ACEs
	P-value for trend

	0
	1
	2
	 ≥ 3

	Model 1

	 Physical functioning
	Ref
	−3.22 (−5.11, −1.34) *
	−4.72 (−6.88, −2.57) *
	−6.41 (−8.46, −4.36) *
	 < 0.001

	 Emotional functioning
	Ref
	−0.86 (−1.83, 0.11)
	−4.35 (−5.61, −3.09) *
	−10.25 (−11.54, −8.95) *
	 < 0.001

	 Social functioning
	Ref
	−2.48 (−3.52, −1.44) *
	−4.22 (−5.47, −2.97) *
	−6.13 (−7.36, −4.90) *
	 < 0.001

	 School functioning
	Ref
	−5.88 (−7.23, −4.53) *
	−5.91 (−7.49, −4.32) *
	−6.26 (−7.77, −4.75) *
	 < 0.001

	 Psychosocial health summary score
	Ref
	−3.07 (−3.85, −2.30) *
	−4.83 (−5.77, −3.88) *
	−7.55 (−8.48, −6.61) *
	 < 0.001

	 Total scale score
	Ref
	−3.11 (−3.94, −2.28) *
	−4.80 (−5.81, −3.79) *
	−7.26 (−8.24, −6.28) *
	 < 0.001

	Model 2

	 Physical functioning
	Ref
	−2.13 (−4.01, −0.25) *
	−3.65 (−5.78, −1.51) *
	−4.64 (−6.74, −2.55) *
	 < 0.001

	 Emotional functioning
	Ref
	−0.14 (−1.10, 0.83)
	−3.26 (−4.52, −2.01) *
	−7.34 (−8.65, −6.03) *
	 < 0.001

	 Social functioning
	Ref
	−1.67 (−2.71, −0.64) *
	−3.33 (−4.56, −2.09) *
	−4.48 (−5.72, −3.25) *
	 < 0.001

	 School functioning
	Ref
	−4.33 (−5.68, −2.98) *
	−4.10 (−5.67, −2.52) *
	−3.92 (−5.46, −2.38) *
	0.001

	 Psychosocial health summary score
	Ref
	−2.05 (−2.81, −1.28) *
	−3.56 (−4.49, −2.63) *
	−5.25 (−6.20, −4.30) *
	 < 0.001

	 Total scale score
	Ref
	−2.07 (−2.88, −1.25) *
	−3.58 (−4.57, −2.59) *
	−5.10 (−6.09, −4.11) *
	 < 0.001


Model 1 was a crude model. Model 2 adjusted for children’s age, sex, single child status, and primary caregivers, as well as maternal age, marital status, educational background, monthly per-capita income, level of family harmony, and negative emotional states
ACEs adverse childhood experiences, HRQOL health-related quality of life, CI confidence interval
*P-value < 0.05



The sex-specific impact of cumulative maternal ACEs on HRQOL are presented in Table 3. In general, boys with experience of one or more maternal ACEs had significantly lower HRQOL sub-scores and total scores, except for emotional functioning, which showed significantly reduced scores in boys of mothers with two or more ACEs. In contrast, compared to girls of mothers without report of any ACE experience, one or more maternal ACEs could impair the school functioning and psychosocial health summary scale of HRQOL in girls, ≥ 2 maternal ACEs were associated with significantly lower scores in emotional functioning and total scale, and only ≥ 3 maternal ACEs had significantly detrimental impact on physical functioning and social functioning in girls. We also observed significant dose-response associations of maternal cumulative ACE exposure with children’s HRQOL sub-scores and total scores in both boys and girls (p-values for trend < 0.05), except for the association between maternal ACEs and school functioning in girls, which only showed borderline significance of trend (p-value for trend = 0.051). Nevertheless, there was not a significant moderation effect of sex in aforementioned associations (p-values > 0.05 for all HRQOL sub-scores and total scores).Table 3Sex-specific association between the number of maternal ACEs and children’s HRQOL


	 	β (95% CI) by number of maternal ACEs
	P-value for trend

	0
	1
	2
	 ≥ 3

	Boys

	 Physical functioning
	Ref
	−2.81 (−5.41, −0.22) *
	−4.71 (−7.76, −1.66) *
	−5.11 (−8.03, −2.20) *
	 < 0.001

	 Emotional functioning
	Ref
	−0.43 (−1.71, 0.85)
	−3.04 (−4.73, −1.35) *
	−6.78 (−8.53, −5.03) *
	 < 0.001

	 Social functioning
	Ref
	−2.56 (−3.96, −1.15) *
	−4.11 (−5.83, −2.39) *
	−5.54 (−7.28, −3.80) *
	 < 0.001

	 School functioning
	Ref
	−5.33 (−7.17, −3.49) *
	−3.94 (−6.11, −1.76) *
	−4.80 (−6.90, −2.69) *
	0.011

	 Psychosocial health summary score
	Ref
	−2.77 (−3.81, −1.73) *
	−3.70 (−4.99, −2.40) *
	−5.70 (−7.02, −4.39) *
	 < 0.001

	 Total scale score
	Ref
	−2.78 (−3.90, −1.66) *
	−3.95 (−5.34, −2.55) *
	−5.56 (−6.93, −4.18) *
	 < 0.001

	Girls

	 Physical functioning
	Ref
	−1.40 (−4.13, 1.32)
	−2.59 (−5.60, 0.41)
	−4.11 (−7.14, −1.08) *
	0.003

	 Emotional functioning
	Ref
	0.23 (−1.23, 1.70)
	−3.47 (−5.35, −1.60) *
	−7.88 (−9.86, −5.90) *
	 < 0.001

	 Social functioning
	Ref
	−0.79 (−2.32, 0.74)
	−2.56 (−4.33, −0.78)
	−3.38 (−5.13, −1.63) *
	 < 0.001

	 School functioning
	Ref
	−3.15 (−5.13, −1.16) *
	−4.09 (−6.38, −1.80) *
	−2.88 (−5.16, −0.60) *
	0.051

	 Psychosocial health summary score
	Ref
	−1.24 (−2.37, −0.10) *
	−3.37 (−4.72, −2.03) *
	−4.72 (−6.10, −3.33) *
	 < 0.001

	 Total scale score
	Ref
	−1.28 (−2.47, 0.08)
	−3.18 (−4.59, −1.77) *
	−4.56 (−6.00, −3.13) *
	 < 0.001


Models adjusted for children’s age, single child status, and primary caregivers, as well as maternal age, marital status, educational background, monthly per-capita income, level of family harmony, and negative emotional states
ACEs adverse childhood experiences, HRQOL health-related quality of life, CI confidence interval
*P-value < 0.05




Discussion
In this cross-sectional study, our results revealed that preschool children of mothers who were exposed to ACEs had worse HRQOL, compared to their counterparts of mothers who had no experience of any childhood adversity. Furthermore, the numbers of ACEs that mothers had experienced were associated with lower scores of children’s HRQOL in a dose-response pattern. Stratified analysis suggested that children’s sex did not moderate the associations between maternal ACEs and HRQOL in the offspring.
Findings regarding the negative associations between maternal ACEs and their children’s HRQOL were in line with several previous studies that have focused on other outcomes in children [11–16]. For example, a study of children aged between 0 and 17 years has shown that children of mothers with four or more ACEs had increased odds of hyperactivity (OR 3.10, 95% CI 1.5–6.2, p-value < 0.01) and emotional or mental disturbance (OR 5.66; 95% CI 2.0–15.9, p-value < 0.01), compared to children of mothers without any exposure to ACEs [16]. This was further demonstrated by a large cross-sectional study in China showing that maternal ACEs were significantly associated with more behavioral problems in their children aged between 3 and 6 years (OR 2.91, 95% CI 2.45–3.45, p-value < 0.001) [13]. Another cross-sectional survey has also proven that each additional parental ACE exposure was linked to 19% increased risk of poor overall health in their children (OR 1.19, 95% CI 1.07–1.32, p-value < 0.05) [14]. In addition, a retrospective cohort study has found that offspring of mothers with three or more ACEs had higher risk of suspected developmental delay, compared to their counterparts whose mothers were exposed to less than three types of childhood adversities [relative risk (RR) 2.23, 95% CI 1.37–3.63, p-value < 0.01) [11].
The exact mechanisms underlying the intergenerational association between ACEs and children’s HRQOL have not been fully elucidated. Previous research has shown that mothers who were exposed to ACEs tended to have negative health conditions (e.g., depression and obesity) and unhealthy lifestyles, including smoking and drug addiction [1, 38], which may be sustained throughout the period of pregnancy [39, 40]. According to the Developmental Origins of Health and Disease hypothesis, detrimental exposure during prenatal and perinatal periods could influence the health in later childhood and adult life [41]. Therefore, negative behaviors resulting in part from maternal ACEs may affect the normal development of fetus and lead to poorer HRQOL in their children through the unfavored gestational uterine environment. Also, the high stress originated from ACE exposure could increase the level of maternal cortisol, a stress biomarker that is the primary hormonal end-product of the hypothalamic–pituitary–adrenal (HPA) axis [42]. Cortisol could cross both the placental barrier and the blood brain barrier, and directly influence brain development of the fetus and eventually lead to childhood cognitive and mental disorders [43]. Therefore, it is biologically plausible that the adverse effects of maternal ACEs could be transmitted to children and cause poorer HRQOL. In addition, mothers with experiences of ACEs usually practiced negative parenting styles towards their children [24, 44], which could subsequently lead to more behavioral and health problems in children, as well as reduced scores of children’s HRQOL [25–27]. Furthermore, ACEs have been demonstrated to be linked to poorer educational attainment, financial hardship, and higher odds of depression in mothers [45–47], which were all associated with impaired HRQOL in their children [48, 49]. These possible mechanisms indicated opportunities and means that might stop the intergenerational impact of maternal ACEs on their offspring. From one hand, screening women with childhood adversities before and during pregnancy in obstetric and gynecological clinicals might be a feasible way to identify vulnerable women and promote preventive interventions [50]. From the other hand, it is of paramount importance to identify mothers with ACEs and provide them with proper interventions about psychosocial health and proper parenting skills, which might stop the detrimental cycles of ACEs [51]. In addition, child care workers, such as pediatrics, teachers, and social workers, should pay special attention to the wellbeing of children who had mothers with experience of ACEs.
We have further investigated the sex-specific associations of maternal ACEs with children’s HRQOL. The pattern of the associations indicated that boys were more sensitive to maternal ACEs than girls. It might due to the gender bias of mother report since the mother was the sole reporter in our study. However, most of the characteristics between boys and girls were comparable in our study, which might partially explain the non-significant moderation effect of children’s sex. The findings were in line with a cross-sectional study in China, which has shown that the association between maternal cumulative ACE scores and preschool children’s behavioral problems was comparable in boys and girls [13]. However, when the associations between type-specific ACE and children’s behavioral problems were further examined, results showed that girls of mothers with emotional abuse had increased risk of conduct problems compared to boys [13]. Likewise, the odds of anxiety were also higher among girls than boys of mothers who had experienced physical abuse or community violence [13]. In contrast, a study of 907 mother–child dyads in Canada has found that boys had greater vulnerability to develop behavioral problems in mothers with experience of ACEs [15]. One possible explanation of the inconsistency between our findings and aforementioned studies might be the different outcomes investigated. Unlike other studies that focused on behavioral problems, we specifically looked at HRQOL. Another cause of the inconsistency might be the different ACE indicators that were included in different studies. Furthermore, previous research has demonstrated that socio-cultural factors could influence the perceptions of ACEs [52]. Accordingly, mothers from different cultures might react to ACEs in a different manner, and subsequently lead to the inconsistent findings. Nevertheless, future studies are still needed to explore whether there are sex-specific associations between maternal ACEs and their children’s health outcomes, in order to facilitate targeted interventions.
Our study has included a large number of mother–child dyads with enough statistical power. We have measured HRQOL as the outcome to reflect children’s overall health and tested the moderation effect of sex. Moreover, sensitivity analysis was also conducted to avoid underreport of children’s HRQOL in mothers with negative emotional states [53]. However, some limitations should be noted as well. First, the study sample was recruited only from one megacity in China. The conclusion should be interpreted with caution when extrapolated to other populations. Second, although retrospective measurement of ACEs was subjective to recall bias, its reliability was supported by previous report [54]. Nevertheless, future studies should evaluate whether prospective and retrospective ACEs of mothers have different associations with their children’s health outcomes. Third, our study used mother report of children’s HRQOL, which might cause potential reporter bias. Although HRQOL should be captured by self-report, young children were unable to answer the questionnaire and proxy report was an unavoidable issue faced by researchers in child health [55, 56]. Fourth, as shown in the power analyses, our study might be over-powered and therefore was more prone to detect statistically significant differences [57]. Interpretations of our findings should be cautious. Last, although we have adjusted for several confounders in the multivariate analysis, some reported risk factors of HRQOL were not included due to data unavailability [49, 55, 56].

Conclusions
In conclusion, this study indicated that maternal ACEs were associated with subsequent generation’s HRQOL. Significant dose-response pattern was also observed between the number of maternal ACEs and poorer children’ HRQOL sub-scores and total scores, without statistically significant sex differences. Our findings added fuel to the ongoing research about the intergenerational transmission of maternal ACEs to health problems in offspring. It also emphasized the importance of screening maternal ACEs, which might help identify high-risk children of poorer HRQOL with targeted interventions. Further randomized controlled trials on this topic are necessary. In addition, studies that explore the mechanisms of the intergenerational associations are also needed.
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