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Background: Although many studies have identified risk factors for maternal shaking behavior, it is unknown whether mothers who have shaken their infants repeat shaking behavior or show other inappropriate parenting behaviors. Using data from the Japan Environment and Children's Study (JECS) birth cohort study, we investigated the associations between continuous shaking behavior and the associations between shaking behavior and other inappropriate parenting behaviors.

Methods: JECS data starting from 2011 were used. Logistic regression was used to perform a cross-sectional analysis. The explanatory variable was shaking behavior and the dependent variables were leaving the infant home alone and hitting the infant (both at 1 month postpartum), and non-vaccination and infant burns (both at 6 months postpartum). A longitudinal analysis using logistic regression was also performed; here the explanatory variable was shaking behavior at 1 month postpartum and the dependent variables were shaking behavior, non-vaccination of the infant, and infant burns (all at 6 months postpartum).

Results: In this study, 16.8% and 1.2% of mothers reported shaking behavior at 1 month and 6 months postpartum, respectively. Mothers who shook their infants at 1 month postpartum were approximately five times more likely to shake them at 6 months postpartum compared with mothers who had not shown previous shaking behavior (OR = 4.92, 95% CI [4.22, 5.73], p < 0.001). In Cross-sectional study, there were associations between shaking behavior and inappropriate parenting behavior such as hitting the infant and infant burns.

Conclusion: The findings suggest that mothers who report early shaking behavior tend to subsequently repeat this behavior, and that shaking behavior may be associated with other inappropriate parenting behaviors.
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INTRODUCTION

Shaken baby syndrome (SBS), which is a type of abusive behavior, is caused by violent shaking of an infant and can lead to physical or mental disabilities (1). Its cardinal features are subdural hematoma, cerebral edema, and retinal hemorrhage (2). Shaking an infant is often triggered by excessive crying, mainly occurs in the first 3 to 6 months of an infant's life (2, 3) and was associated with infant factors (male sex) and maternal factors (primipara, postpartum depression, unwanted pregnancy, and young age) (4–8). Although some studies have retrospectively analyzed cases of abusive head trauma, including SBS (9–11), they have focused on medical outcomes such as subdural hematoma. Because medical outcome can only capture the small portion of violent shaking of an infant, it is important for prevention of abusive head trauma that epidemiological study about the head shaking behavior in general population is performed.

In a study based on a stratified regional sample in the Netherlands, the reported prevalence rates of SBS (3) were 1.01 at age 1 month, 1.32 at age 3 months, and 3.35% at age 6 months. Although studies conducted in Aichi and Chiba prefectures in Japan reported between 2.0 and 3.9% prevalence of SBS at 3–4 months of age (4, 5, 12), these studies were limited to specific geographical areas. Further studies with larger samples are needed to determine the prevalence of SBS in Japan more accurately.

Inappropriate parenting behaviors, including abusive behavior, have been shown to recur in the range of 20–60% depends on follow-up period (13, 14). Especially, the younger the child, the higher the recurrence rate of inappropriate parenting (14, 15). Therefore, although it is hypothesized that the risk of recurrence of SBS occurring in the infant is high, there were no studies about mothers who perform shaking behavior to their infants has tendency to repeat the shaking behavior. In addition, there were no studies about the association between shaking behavior and inappropriate behaviors such as leaving the infant home alone, hitting the infant, non-vaccination, or infant burns. To address this question, we used data from a birth cohort study, the Japan Environment and Children's Study (JECS), to investigate whether mothers who shook their infants continued to perform shaking behaviors or repeatedly showed other inappropriate parenting behaviors. We also examined which inappropriate parenting behaviors were associated with shaking behavior. These results will provide important insights into strategies for the prevention of outbreaks and recurrence of SBS and inappropriate parenting.



MATERIALS AND METHODS


Study Design and Data Sources

The aim of the JECS, an ongoing prospective birth cohort study that began in 2011, is to evaluate the effect of various environmental factors on children's health and development (16, 17). The JECS Protocol was reviewed and approved by the Ministry of the Environment's Institutional Review Board on Epidemiological Studies and the Ethics Committees of all participating institutions. The present study is based on a JECS dataset (jecs-ta-20190930) released in October 2019. This dataset does not contain any patient identifying information. Written informed consent was obtained from all study participants.

The JECS protocol has been published elsewhere (16, 17). The JECS comprises a cohort of 104,062 children born from 2011 to 2014 in 15 Regional Centers covering 19 prefectures across Japan. We excluded the data of stillborn infants (3,758 pregnancies) and multiple pregnancy mothers (1,891 pregnancies) based on medical records. We excluded multiple pregnancy mothers because the same mother was registered with multiple infants in these cases, which led to duplicate data that made it difficult to evaluate shaking and inappropriate parenting behaviors due to parenting behavior to infants at the same time. Our dataset comprised 98,413 single live births. Questionnaires at 1 month postpartum were either sent and returned by mail or hand-delivered and then returned by hand or by mail. Questionnaires at 6 months postpartum were sent and returned by mail.



Assessment of Shaking

We evaluated shaking using the following questions: “Frequency of shaking your baby very hard when he/she cries” from the JECS 1 month postpartum questionnaire and “Shook the child very hard in the past month” from the JECS 6 months postpartum questionnaire. Response options on the 1 month postpartum questionnaire were “Always,” “Sometimes,” “Seldom,” and “Not at all.” We considered responses of “Always,” “Sometimes,” and “Seldom” to indicate the presence of shaking behavior. Response options on the 6 months postpartum questionnaire were “None,” “Once,” “2–3 times,” and “4 or more times.” We considered responses of “Once,” “2–3 times,” and “4 or more times” to indicate the presence of shaking behavior.



Assessment of Inappropriate Parenting Behaviors

We evaluated inappropriate parenting behaviors using the following questions: “Frequency of leaving the baby alone at home” and “Frequency of hitting the baby” from the 1 month postpartum questionnaire. Response options were “Always,” “Frequently,” “Sometimes,” “Seldom,” and “Not at all.” We considered responses of “Always,” “Frequently,” “Sometimes,” and “Seldom” to indicate the presence of inappropriate parenting behavior.

It has been reported an association between parental refusal of childhood vaccination and medical neglect (18); therefore, we used non-vaccination of the infant to measure inappropriate parenting behavior at 6 months postpartum. This was evaluated using “Vaccination received: None.” If the mother answered, “yes,” we assumed inappropriate parenting behavior. Because burns in young children often have a background of abuse or neglect (19), we evaluated abuse or neglect using the question, “Has your child been diagnosed with a disease (by a doctor) after birth? (check all that apply).” If the mother checked “burn” in response to this question, we assumed inappropriate parenting behavior.



Covariates

Based on a previous study on child abuse (including SBS) (1), the following items were used as covariates: fatherless household (Yes, No), maternal age at delivery (older: ≥35 years; younger: ≤19 years; other: 20–34 years) (4–6, 20–24), household income (≥2 million yen; <2 million yen; about twenty thousand US dollars) (1, 4, 20, 25, 26), and postnatal depression using Edinburgh Postnatal Depression Scale at 1 month postpartum and 6 months postpartum (with postnatal depression: EPDS ≥ 9; without postnatal depression: <9) (4, 22, 27–29). The following items were used as covariates associated with only SBS: excessive crying (Yes or No) (1, 3, 4), type of nutrition (breastfeeding only, formula feeding only, or both formula and breastfeeding) (4), sex of child (male or female) (1, 6, 7), number of deliveries (primipara or multipara) (4). Because risk factors for excessive infant crying, which trigger SBS, include maternal education level (junior high school graduation or less, high school graduation or more) and domestic violence during pregnancy (with or without) (30), we additionally included these variables when using 6-month shaking behavior as an outcome.



Statistical Analysis

A cross-sectional analysis using logistic regression was performed on the 1 month postpartum data. Responses to the questions about leaving the infant home alone and hitting the infant were the dependent variables, and violently shaking the infant was the explanatory variable; the analysis included the abovementioned covariates. A cross-sectional analysis using logistic regression was performed on the 6 months postpartum data, where non-vaccination and infant burns were the dependent variables and violently shaking the infant was the explanatory variable; the analysis included the abovementioned covariates. Univariate logistic regression analysis was initially performed, followed by multivariate logistic regression analysis for three models: Model 1, which included the variables fatherless household and young maternal age; Model 2, which included household income as an additional variable; and Model 3, which included postnatal depression as yet another additional variable.

A longitudinal analysis using logistic regression was also performed. Here, infant burns, and non-vaccination at 6 months postpartum were the dependent variables, and SBS at 1 month postpartum was the explanatory variable; the analysis included the abovementioned covariates. Univariate logistic regression analysis was initially performed, followed by multivariate logistic regression analysis for three models: Model 1, which included the variables fatherless household and young maternal age; Model 2, which included household income as an additional variable; and Model 3, which included postnatal depression as yet another additional variable.

For the longitudinal analysis of SBS at 1 month and 6 months postpartum, univariate logistic regression analysis was initially performed, followed by multivariate logistic regression analysis for three models: Model 1, which included fatherless household, primipara, maternal education and maternal age; Model 2, which included infant male sex and lower household income as additional variables; and Model 3, which included postnatal depression, type of nutrition (e.g., bottle-feeding in children aged 1 month), domestic violence during pregnancy and excessive crying at 1 month as further additional variables.

IBM SPSS Statistics 23 was used for the analysis, with the significance level set at <5%.




RESULTS

In this study, 16.8 and 1.2% mothers reported that they shook their infants very hard at 1 month postpartum and 6 months postpartum, respectively. Additionally, 18.3% of mothers reported excessive crying at 1 month postpartum (Table 1).


Table 1. Participant characteristics.
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The univariate logistic regression cross-sectional analysis showed a significant association between infant shaking at 1 month postpartum and both leaving the infant home alone (odds ratio [OR], 1.47; 95% confidence interval [CI], 1.41–1.54), and hitting the infant (OR, 8.35; 95% CI, 7.30–9.56). The multivariate logistic regression also showed a significant association between shaking behavior at 1 month and the following variables: leaving the infant home alone (adjusted OR, 1.46; 95% CI, 1.38–1.53), and hitting the infant (adjusted OR, 6.60; 95% CI, 5.60–7.77) (Table 2).


Table 2. Association between shaking and inappropriate parenting behavior at 1 month postpartum: odds ratios and 95% confidence intervals.
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The univariate logistic regression analysis showed a significant association between infant burns and shaking at 6 months postpartum (OR, 3.04; 95% CI, 1.43–6.49). There was no association between non-vaccination of infants and shaking at 6 months postpartum (OR, 1.51; 95% CI, 0.90–2.53). The same results were found for the multivariate regression analysis (adjusted OR for burns, 2.72; 95% CI, 1.10–6.71; adjusted OR for non-vaccination, 1.40; 95% CI, 0.78–2.50) (Table 3). These results indicate that there were the associations between shaking behavior and other inappropriate behaviors such as leaving the infant home alone, hitting the infant and infant burns that occurred at the same time.


Table 3. Association between shaking and inappropriate parenting behavior at 6 months postpartum: odds ratios and 95% confidence intervals.
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To investigate the association between shaking behavior at 1 month postpartum and shaking behavior at 6 months, we performed a longitudinal analysis. Shaking behavior at 1 month postpartum was significantly associated with infant shaking at 6 months postpartum (OR, 5.80; 95% CI, 5.15–6.52). The multivariate logistic regression analysis of shaking behavior at 1 month postpartum and both shaking behavior produced the same results: for shaking behavior at 6 months postpartum (adjusted OR, 4.92; 95% CI, 4.22–5.73 (Table 4).


Table 4. Association between shaking at 1 month postpartum and shaking at 6 months postpartum: odds ratios and 95% confidence intervals.
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To elucidate the association between shaking behavior at 1 month postpartum and inappropriate parenting behaviors (such as non-vaccination and infant burns) at 6 months postpartum, we performed logistic regression analysis. Shaking behavior at 1 month postpartum was not associated with non-vaccination at 6 months (OR, 1.00; 95% CI, 0.83–1.20; adjusted OR, 1.00; 95% CI, 0.80–1.24) or infant burns at 6 months (OR, 1.18; 95% CI, 0.83–1.70; adjusted OR, 1.12; 95% CI, 0.73–1.72) (Table 5). These results indicate that there was association between shaking behavior to their infants at 1 month postpartum and shaking behavior at 6 months postpartum but no other inappropriate parenting behaviors at 6 months.


Table 5. Association between shaking at 1 month postpartum and inappropriate parenting behavior at 6 months postpartum: odds ratios and 95% confidence intervals.
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DISCUSSION

To our knowledge, this is the first study to investigate the prevalence of self-reported maternal shaking behavior using a representative Japanese sample, and to examine whether mothers who performed shaking behavior at 1 month postpartum continued this behavior or engaged in other inappropriate parenting behaviors at 6 months postpartum. The prevalence of self-reported shaking behavior at 1 month postpartum was 16.8%. The mothers who perform shaking behavior to infant at 1 month postpartum tend to perform shaking behavior at 6 months postpartum (Table 4). In addition, there were the associations between shaking behavior and other inappropriate behaviors that occurred at the same time (Tables 2, 3). However, we could see no association between shaking behavior to their infants at 1 month postpartum and other inappropriate parenting behaviors at 6 months postpartum except shaking behavior (Tables 4, 5). These results indicate that mothers who engaged in shaking behavior at 1 month postpartum tended to shake their infants at 6 months postpartum as well, in addition to performing other inappropriate parenting behaviors at 1 month and 6 months postpartum.

Previous studies have found a 1.01% prevalence of shaking behavior at 1 month postpartum in the Netherlands, and a 2.0–3.9% prevalence at 3–4 months postpartum in Japan (3–5, 12). The prevalence of shaking behavior seen in our study is very high in comparison. However, given that the peak of excessive infant crying is 5–6 weeks after birth (31), and that in our study 18.3% of infants exhibited excessive crying (a percentage similar to that of the 16.8% of shaking behavior), mothers may have experienced frustration and performed shaking behavior to stop their infants crying. On the other hand, at 6 months of age, crying decreases, which may indicate that shaking behavior has decreased. However, there is also evidence that shaking behavior is more likely to occur from 3–6 months postpartum (2, 3). Therefore, we might have found a higher prevalence of shaking behavior if we had conducted the study at 3–6 months postpartum. The sequelae of SBS include disorders of movement, vision, language, and behavior (32, 33). These SBS sequelae tend to have a poor prognosis in younger infants (33). Taken together, our results suggest the importance of explaining the risks of SBS to parents to prevent SBS in the early stages of infant development. In explaining the risks of SBS to parents, it is necessary to carefully and clearly inform such mothers of the risks of shaking and what to do when their child cries violently, because low maternal education level is a risk factor for excessive infant crying, which triggers SBS (30).

The longitudinal analysis showed that although shaking at 1 month postpartum was not associated with infant burns or non-vaccination at 6 months postpartum, mothers who shook their infants at 1 month postpartum were approximately five times more likely to shake their infants at 6 months postpartum. A parent who reports even one act of shaking should receive guidance and ongoing monitoring to prevent the recurrence of this behavior.

The cross-sectional analysis showed that shaking behavior at 1 month postpartum was associated with the risk of hitting the infant (OR, 6.6) and leaving the infant home alone (OR, 1.5). Shaking behavior at 6 months postpartum was associated with the risk of infant burns (OR, 2.7), but not with non-vaccination. These results suggest that violent behavior like shaking an infant is associated more with abusive behavior, such as hitting and infant burns, than with neglect (e.g., non-vaccination or leaving the infant home alone). A previous study found that 6% of parents performed abusive behaviors (e.g., choking, slapping, or shaking) to stop excessive crying in 6-month-old infants (3). Therefore, shaking is more likely to be accompanied by other impulsive acts of aggression. This indicates the importance of monitoring other parenting behaviors in parents who engage in shaking behavior. In addition, excessive crying is the risk factor of SBS. Considering that domestic violence, maternal bonding disorder, and depression are risk factors of excessive infant crying (30), it is possible that those who engage in shaking behaviors have a family background and mental distress. Therefore, early and intensive support for distressed mothers may help prevent the development of excessive infant crying, associated shaking behavior, and inappropriate parenting.

We would like to discuss four limitations in our study. First, as both shaking behavior and inappropriate parenting were assessed using maternal self-reports, it is possible that these behaviors were either underestimated (by mothers hiding their behavior) or overestimated (by mothers evaluating their parenting behavior negatively). These biases may create artificial associations and additional bias due to an unwillingness to disclose. For example, a mother who conceals her shaking behavior tends not to report other inappropriate parenting behaviors. However, because our methodology was consistent with those of previous studies with regard to self-report instruments and the definition of shaking behavior (3–5, 12), it still provides a useful comparison to previous prevalence rates. Second, there were some differences between the shaking questions asked at 1 month and 6 months postpartum. Whereas the question at 1 month postpartum specifically mentioned shaking in response to crying, the question about shaking at 6 months postpartum was not limited in this way. However, we defined the presence of shaking behavior (one or more times) exactly the same way in both cases. We note that we could not clarify the reason about the decreasing of shaking behavior at 6 months postpartum compared with 1 month postpartum. To elucidate this, further study is needed. Third, although previous studies indicate that fathers are the most frequent perpetrators of abusive head trauma (8), our sample included only mothers. This may have resulted in an underestimation of shaking behavior. Additional studies are needed that include fathers. Fourth, since we analyzed the data collected by the JECS group promoting by the Ministry of the Environment, Japan, we could only conduct the survey using the limited items about inappropriate parenting. To elucidate the association between shaking behavior and parenting behavior, further study should be needed.

Despite these limitations, this study is the first that we know of to use a representative sample of mothers from across Japan. The results suggest that mothers with shaking babies at 1 month postpartum have tendency to shake their babies at 6 months and associate with inappropriate parenting behaviors. These findings may be important in the development of measures to prevent SBS, and in relapse prevention.
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