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Abstract
Background
Our aim was to determine whether child attachment to parents, parent attachment style, and morning cortisol levels were related to diabetes outcomes measured by average glycated hemoglobin (HbA1c), HbA1c variability over 4 years and time in range (TIR) in children with type 1 diabetes (T1D).

Research design and methods
101 children with T1D and one of their parents were assessed at baseline for child attachment (Child Attachment Interview; CAI) and parent attachment (Relationship Structures Questionnaire; ECR-RS). Serum samples were collected for cortisol measurements before the interviews. HbA1c levels were measured during a 4-year follow-up period at regular 3-monthly visits, and data for TIR were exported from blood glucose measuring devices. Multivariate linear regression models were constructed to identify independent predictors of glycemic outcomes.

Results
More girls than boys exhibited secure attachment to their mothers. The results of the regression models showed that securely attached girls (CAI) had higher average HbA1c than did insecurely attached girls (B = −0.64, p = 0.03). In boys, the more insecure the parent's attachment style, the worse the child's glycemic outcome: the higher the average Hb1Ac (B = 0.51, p = 0.005), the higher the HbA1c variability (B = 0.017, p = 0.011), and the lower the TIR (B = −8.543, p = 0.002).

Conclusions
Attachment in close relationships is associated with glycemic outcomes in children with T1D, and we observed significant differences between sexes. A sex- and attachment-specific approach is recommended when treating children with less favorable glycemic outcomes. Special attention and tailored support should be offered to securely attached girls in transferring responsibility for diabetes care and at least to male children of insecurely attached parents to prevent suboptimal glycemic control. Further studies in larger samples and more daily cortisol measurements may help us better understand the links between stress response, attachment and T1D.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13034-023-00672-1.
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Background
Diabetes control in the early years after diagnosis of T1D may have an important impact on the long-term complications later associated with the individual's quality of life and diabetes-related burden. Several factors may impact diabetes control, for example, psychological stress may contribute via physiological mechanisms or lead to greater challenges associated with diabetes management [1].
Early experiences leading to the formation of an attachment between child and caregiver play a critical role in regulating individual responses to stress [2, 3]. According to Bowlby's attachment theory, individual attachment reflects dyadic interactions and is shaped in part by the behavior of adults important to the child (usually the parents or other primary caregivers). Over time, these repeated interactions become internalized and may determine biological and behavioral responses to stressful events [4]. Thus, based on early attachment experiences, mental representations are formed that are imprinted in the developing limbic and autonomic nervous systems and shape and guide the individual's behavior throughout development by guiding emotion regulation and the formation of subsequent relationships [5, 6]. Secure attachment is characterized by effective regulation of an individual's internal organization and a developed capacity for emotion regulation, whereas individuals with insecure attachment organization (preoccupied/anxious ambivalent, or dismissing/avoidant) exhibit difficulties in emotion regulation and self-organization [7].
Insecure attachment in adults has been shown to be associated with higher risk for psychopathology, chronic medical disorders such as diabetes, and poorer contribution to diabetes self-management [8–10]. In contrast, securely attached adult patients are more likely to respond to illness with appropriate resilience and trust medical professionals, whereas insecurely attached patients may exhibit distrust or co-dependence in relationships with medical professionals, deny illness, or avoid treatment [7].
Results from a recent study of adolescents with T1D showed that mothers' self-reported perceptions of more secure adolescents' attachment were associated with better glycemic control, whereas neither fathers' perceptions nor adolescents' reports showed a significant association with glycemic control [11]. In addition, several studies have reported the longitudinal stability of attachment styles and their transmission across generations [12], and thus one can predict an effect of parental attachment on their children's diabetes control.
In addition, the experience of early adverse events and higher psychological vulnerability of individuals put them at risk for a deregulated stress response [13]. In families with less adaptive conditions, insecure attachment in childhood and exposure to chronic stress may lead to altered subject's cortisol stress reactivity [14–16]. In addition, an association between an increase in cortisol stress response and early adversity has been found in adolescents with T1D [17]. Prolonged secretion of stress hormones, especially cortisol, could damage the hippocampus and the hypothalamic–pituitary–adrenal (HPA) axis, which regulate the release of corticosteroids. Because of the hyperreactive HPA axis, suboptimal compensation of serum cortisol levels results in the persistence of high cortisol levels even when the individual is no longer exposed to the stressor [18]. Persistent dysregulation of stress hormones can have deleterious effects on physiological, emotional, and behavioral processes in humans [19] and contribute to the development of metabolic or autoimmune diseases [20, 21]. In addition, dysregulation of the HPA axis has been found in children with T1D [22] and its influence on blood glucose levels in adults with type 2 diabetes [23].
HbA1c has become widely accepted as a measure of glycemic control, but it lacks information about daily glucose fluctuations and acute complications. Therefore, glycemic variability, including temporal variability of HbA1c [24] and time in the 70–180 mg/dl range (Time In Range, TIR), has recently been proposed to complement HbA1c [25, 26]. While HbA1c variability has been shown in both clinical trials and retrospective studies to be an accurate predictor that increases the risk of cardiovascular complications and mortality compared with HbA1c levels alone [24, 27, 28], TIR is a comprehensive measure of variability of blood glucose [25]. According to the international consensus report, TIR is best provided by continuous glucose monitoring (CGM), an intermittent, real-time measurement of glucose concentration in interstitial fluid with a body-mounted sensor that provides a near- continuous series of glucose concentration measurements and has been associated with improved glycemic outcomes [25, 29]. When data from CGM are not available, TIR can be calculated from frequent measurements of glucose concentration in capillary blood taken five to seven times daily using a blood glucose monitor (BGM). Although these data are sparse compared with data from CGM, the ability to assess the association of TIR, as shown previously, provides a fairly high degree of agreement between results based on CGM and BGM measurements [30].
Previous research has attempted to understand the relationship between secure attachment, stress response, and T1D in children, but results have been inconsistent. For example, using a self-assessment questionnaire, Costa-Cordella et al. [31] found a significant negative association between children's attachment to their parents and HbA1c levels in boys but not in girls. In girls, this study showed that stronger maternal attachment avoidance was associated with better metabolic control. The opposite was found by Shayeghian et al. [32], who found an association between higher HbA1c levels and more pronounced alexithymia and less communication with the mother (both elements of insecure attachment) in girls. Bizzy et al. [33] reported no significant differences in attachment to parents between children with high HbA1c levels and those with Hb1Ac levels below 7%, using the Child Attachment Interview in a sample of 31 children.
Our goal, therefore, was to address this gap in understanding the relationship between child attachment to parents, parental attachment styles, child stress reactivity, and glycemic outcomes in children and adolescents with T1D. We aimed to do this by including and prospectively following the entire Slovenian population of children and adolescents with T1D and using the most reliable assessment methods available. The recommendations derived from our findings would help to better understand how psychological and family factors influence T1D in children and adolescents and tailor appropriate interventions accordingly.

Materials and methods
A prospective study of children and adolescents with T1D is presented. Each patient and one of his or her parents (caregivers) were enrolled in a larger cross-sectional study and later followed up prospectively. Some results of the original study, which found associations between attachment and risk of childhood onset of T1D, have already been published [34]. At baseline, data on child and parent attachment and children’s morning serum cortisol were collected. During a 4-year follow-up period, data on diabetes progression were collected at regular 3-month outpatient visits.
Participants and procedures
All children with T1D and their parents were identified from the Slovenian National Diabetes Registry and invited to participate in the study. Child-parent pairs who responded were followed up in the prospective, single-arm study at the University Medical Centre Ljubljana. The main inclusion criteria were an age of 8–15 years (inclusive) and a clinical diagnosis of T1D for at least 1 year. Exclusion criteria included intellectual disability or/and active psychosis.
Recruitment began in July 2015 and was completed in December 2019. Initial screening included obtaining informed consent, collecting serum samples for measurement of cortisol levels, and assessing children's attachment. Parents completed the sociodemographic and attachment survey. Glycemic outcomes were collected at the regular 3-monthly visits.
The study was registered at www.​clinicaltrials.​gov (NCT02575001) and approved by the National Medical Ethics Committee of the Republic of Slovenia (#60/08/13). Participation in the study was voluntary and confidential, and all participants or their parents signed an informed consent form before participation.

General measures
General demographic and family characteristics were assessed with a special questionnaire reported by parents [35]. Questions on early childhood development and diabetes management were added to the original questionnaire.

Glycemic outcomes
HbA1c levels were determined on site by an immunochemical method using the Siemens DCA Vantage Analyzer (Siemens Healthcare, Erlangen, Germany).
HbA1c variability was calculated by a method similar to that reported by Forbes [27]. Absolute HbA1c differences between visits greater than or equal to 0.5 were considered clinically significant and counted for each participant. The result was multiplied by 100 and divided by the number of HbA1c measurements.
TIR was calculated by exporting raw data files from glucose measuring devices during regular clinical visits and analyzed with the statistical program R, package cgmanalysis [36]. At least eight days of CGM data with at least 200 data points per day in each 3-month period were required for inclusion. For participants without CGM, data from intermittent BGM measurements were alternatively considered. At least 10 days with at least five BGM data points per day in each 3-month interval were required for inclusion.

Morning serum cortisol
Morning cortisol levels were measured in blood samples taken before food intake between 7:00 and 9:00 am. Blood samples were filled into tubes without additives and centrifuged within 2 h after blood collection. Serum cortisol was quantitatively measured using a chemiluminescent competitive immunoassay on the IMMULITE® 2000 Systems Analyzer (Siemens).

Child attachment interview
The Child Attachment Interview (CAI) is a narrative-based assessment of children's attachment to caregivers developed for subjects aged 8–15 years [37]. It is a direct interview in which children's internal working models are elicited via questions about current attachment relationships and experiences. The evaluation is done by analyzing the transcripts and video analysis of the behavior. In relation to the relationship with each attachment figure, a classification is made into main attachment groups [(1) two-way classification: secure or insecure; (2) three-way classification: secure, preoccupied, or dismissing; or (3) four-way classification: secure, preoccupied, dismissing, or disorganized] [37]. For all analyses, the two-way classification was used because we assumed that the  sample size would be too small for statistical analyses in some subgroups of the three-way and four-way classifications. Similar decisions were made by other investigators [11, 31, 33]. The protocols were scored by three independent accredited coders, who demonstrated high inter-rater reliability as previously reported (conducted on 20 interviews for each pair of coders) [34].

Relationship structures questionnaire
The Relationship Structures Questionnaire (ECR-RS) was used as a measure of parents' attachment patterns in close relationships [38]. This questionnaire measures attachment to four attachment figures (to each of the subject's parents, to a partner, and to a best friend) using the same nine questions, with overall attachment calculated as the mean of all relationship domains. Each relationship domain has two dimensions: attachment-related anxiety and attachment-related avoidance. Low scores on both dimensions indicate secure attachment. The questionnaire has good psychometric properties: two-dimensional internal structure validity and high to excellent reliability (Cronbach's alpha above 0.7 for different attachment figures and domains) [38].

Data analysis
After testing for normal distribution with the Kolmogorov–Smirnov test, the Student’s t-test, Fischer exact test, Mann–Whitney test, and Pearson’s chi-square test in the statistical package SPSS 21.0. (IBM SPSS Statistics) were used to evaluate differences between groups. The Pearson or the Spearman correlation coefficient was used to assess the relationship between two variables. The significance level was set at α = 0.05 for the two-tailed hypothesis testing.
Multivariable linear regression in the R program was used to predict average HbA1c (Model 1), HbA1c variability (Model 2), and TIR (Model 3). In Model 1 and Model 2, the independent values were child's attachment to mother, parent's attachment style, child's sex, age, and morning cortisol level. In Model 3, the same independent variables were used plus the type of glucose monitoring (CGM or BGM). Parents' attachment style was measured with a two-dimensional concept capturing attachment anxiety and attachment avoidance. Because of the high correlation between the two dimensions, we created two versions of all tree regression models (a—including attachment anxiety, b—including attachment avoidance) to avoid multicollinearity.
Before analysis, all independent variables were centered. The creation of the linear regression model followed the stepwise backward procedure, where we started with the model with all main effect terms and all combinations between pair variables as interaction terms. Then, the term removal procedure was performed, where the higher order terms with the highest statistical significance (p-values) were removed from the model and the model was re-evaluated based on the calculation of the Akaike Information Criterion (AIC). This procedure of backward stepwise removal of terms continued as the AIC metric decreased, and the resulting model was the one with the lowest AIC at the end of the stepwise procedure [39]. Linear regression with two-tailed hypothesis testing and significance level α = 0.05 was used for the analysis.
In order to ensure the adequacy of our sample size for the three linear multiple regression models, we conducted sample size calculations using G*Power. The calculations were based on the following parameters: two-tailed tests, an effect size f2 of 0.15, an alpha level of 0.05, and a desired statistical power of 0.9. Given these parameters, and considering that the first two models have five independent variables and the third has six, the recommended sample size for each model was determined to be 73.


Results
One hundred and twenty-four parent–child pairs were identified and invited to participate. Of these couples, 101 responded. The response rate was 81.5%, as indicated in a previous report with study flowchart [34]. All 101 participants remained during the 4-year follow-up period. Data on child attachment, average HbA1c, and HbA1c variability were collected for all patients (Table 1). Eight questionnaires assessing parental attachment were missing (ECR-RS, 7.8% of missing data), and we could calculate TIR for only 74 patients (26.7% of missing data), which affected further analyses. Baseline characteristics are shown in Table 1. Among the children, 50 (49.5%) were girls. Questionnaires were completed by mothers in 79.3%, fathers in 19.8%, and another caregiver (grandmother) in one case.Table 1Demographic data and descriptive comparison between sexes


	 	All
	Females
	Males
	p

	 	N = 101
	N = 50
	N = 51
	 
	Age in years
	11.80 ± 2.09
	12.04 ± 2.05
	11.57 ± 2.13
	0.236

	Duration of T1D in years
	5.31 ± 3.44
	5.17 ± 3.23
	5.45 ± 3.66
	0.938

	Hba1c average—% (mmol/mol)
	8.03 (64) ± 0.96
	8.10 (65) ± 1.07
	7.97 (64) ± 0.84
	0.770

	Hba1c variability
	0.075 ± 0.36
	0.081 ± 0.04
	0.070 ± 0.04
	0.051

	 	N = 74
	N = 35
	N = 39
	 
	TIR (% in 70–180 mg/dL)
	48.78 ± 13.79
	49.04 ± 13.38
	48.45 ± 14.32
	0.879

	Average sensor glucose (CGM/BGM) (mg/dL)
	183.30 ± 31.22
	183.14 ± 33.94
	183.44 ± 29.01
	0.996

	 	N = 101
	N = 50
	N = 51
	 
	Morning serum cortisol (ng/mL)
	421.57 ± 147.03
	410.65 ± 149.51
	432.27 ± 145.30
	0.472

	CAI secure to at least one parent
	65 (64.4%)
	37 (74.0%)
	28 (54.9%)
	0.045

	CAI secure to mother
	63 (62.3%)
	36 (72.0%)
	27 (52.9%)
	0.044

	CAI insecure to mother
	36 (35.6%)
	13 (27.0%)
	23 (36.1%)
	 
	ECR-RS avoidance
	N = 93
2.55 ± 0.94
	N = 48
2.70 ± 1.04
	N = 45
2.38 ± 0.79
	0.089

	ECR-RS anxiety
	1.76 ± 0.90
	1.73 ± 0.81
	1.79 ± 0.99
	0.895

	Divorced family/living with one parent
	N = 96
19 (19.8%)
	N = 48
10 (20.8%)
	N = 48
9 (18.8%)
	0.798

	Mother education level
	N = 93
	N = 48
	N = 45
	 
	Finished secondary school
	48 (51.6%)
	24 (51.1%)
	24 (52.2%)
	0.724

	Finished university
	22 (23.7%)
	12 (25.5%)
	10 (21.7%)
	 
	Father education level
	N = 93
	N = 47
	N = 46
	 
	Finished secondary school
	57 (61.3%)
	29 (60.4%)
	28 (62.2%)
	0.866

	Finished university
	15 (16.1%)
	8 (16.7%)
	7 (15.6%)
	 
	Mother employed
	N = 94
80 (85.1%)
	N = 47
39 (83.0%)
	N = 47
41 (87.2%)
	0.562

	Father employed
	N = 93
81 (87.1%)
	N = 48
43 (89.6%)
	N = 45
38 (84.49%)
	0.460


Data are Mean ± SD or N (%)
TIR time in range, CAI Child Attachment Interview, ECR-RS Relationship Structures Questionnaire; Between-group comparisons: Student’s t-test or Pearson’s χ2 test, Mann–Whitney U-test, statistical significance p < 0.05 (bold)



Differences were found between girls and boys in attachment to the mother. A higher percentage of secure attachment was found in girls compared to boys (Pearson Chi-Square (1) = 4.014, p = 0.045, Table 1). Otherwise, there were no differences between the two groups.
The majority of children (83, 82.2%) used an insulin pump. There were no differences between users of different glucose monitoring modalities (NCGM = 22, NBGM = 52) in average Hb1Ac (Mann–Whitney U = 287, p = 0.61) or HbA1c variability (Mann–Whitney U = 212, p = 0.36). There were significant differences in TIR (MCGM = 55.72, MBGM = 45.84, t (38) = -2.90, p = 0.006), so glucose monitoring modality was included in further analyses. There were no differences in average Hb1Ac (M-W U = 810, p = 0.58), HbA1c variability (M-W U = 612, p = 0.23), or TIR (t (16) = -0.92, p = 0.37) between those using insulin pumps or mechanical injectors.
Average HbA1c was significantly related to HbA1c variability (r (99) = 0.59, p < 0.001) and TIR (r (72) = -0.41, p < 0.001), but there was no relationship between HbA1c variability and TIR (r (72) = −0.09, p = 0.43). Finally, diabetes duration was not statistically significantly related to average HbA1c (r (99) = 0.04, p = 0.71), HbA1c variability (r (99) = −0.09, p = 0.36), and TIR (r (72) = 0.02, p = 0.85) and was not included in further analyses.
Because concordance between children's attachment to mother and attachment to father was high (95% of children had the same two-way classification for both parents), we used only attachment to mother in further analyses to avoid multicollinearity between the independent variables. There was also a moderate correlation between parent attachment anxiety and parent attachment avoidance (r (91) = 0.43, p < 0.001), so two regression models (a and b) were created for each dependent variable.
Predicting glycemic outcomes
When multivariable linear regression models were built to identify independent predictors of average Hb1Ac, HbA1c variability, and TIR, parental attachment anxiety (a) and attachment avoidance (b) were included alternately to avoid multicollinearity in the models. All final models achieved adequate fit. Statistical data for the models is presented in the Additional file 1: Table S2, Additional file 2: Table S3, and Additional file 3: Table S4, and statistically significant results are summarized in the Additional file 4: Table S5.

Predictors of average HbA1c
In predicting the average HbA1c in the 4 years after inclusion Model 1a including ECR-RS anxiety achieved a global predictive power of R2 = 0.27, adjusted R2 = 0.18 (F(10, 78) = 2.981, p = 0.004) and Model 1b including ECR-RS avoidance had a global predictive power of R2 = 0.32, adjusted R2 = 0.24, F(10, 78) = 3.729, p < 0.001 (whole models are presented in Additional file 1: Table S2). Both models showed that a significant predictor of a higher average HbA1c was the older age of the child. The interaction between the child's attachment to the mother and the child's sex was statistically significant in both models. Simple slope analyses revealed that girls who were securely attached at baseline (CAI) had higher average HbA1c than girls who were insecurely attached (Model 1a: B = −0.61, t = −2.07, p = 0.04; Model 1b: B = −0.64, t = -2.25, p = 0.03, shown in Fig. 1). In boys, the opposite but statistically non-significant relationship was observed (Model 1a: B = 8.38, t = 1.39, p = 0.17).[image: ]
Fig. 1Simple slope analysis for the interaction between child sex and attachment from multivariable regression Models 1a and 1b. Statistically significant results appear in bold


In Model 1b, higher parental attachment avoidance was associated with higher average HbA1c in boys (B = 0.51, t = 2.90, p = 0.005, shown in Fig. 2). For parents with high attachment avoidance (+ 1 SD), boys had higher average HbA1c than girls (B = 0.68, t = 2.34, p = 0.022), whereas for parents with low attachment avoidance (-1 SD), girls had higher average HbA1c than boys (B = −0.52, t = −2.02, p = 0.047).[image: ]
Fig. 2Simple slope analysis for statistically significant interaction between child sex and parent attachment style (ECR-RS anxiety or ECR-RS avoidance) from multivariable regression Models 1b, 2b, 3a and 3b. Statistically significant results appear in bold. Graphical results for Models 1a and 2a were not calculated because the interactions were not statistically significant



Predictors of HbA1c variability
The final models for predicting HbA1c Variability achieved adequate fit, Model 2a including ECR-RS anxiety with a global predictive power of R2 = 0.23, adjusted R2 = 0.16, F(8, 78) = 2.978 p = 0.006, and Model 2b including ECR-RS avoidance with a global predictive power of R2 = 0.28, adjusted R2 = 0.19, F(9, 77) = 3.299, p = 0.002 (whole models are presented in Additional file 2: Table S3). Both models showed that a significant predictor of higher HbA1c variability was older age of the child. In Model 2a, an independent predictor of higher HbA1c variability was also female sex.
Interactions in Model 2a showed higher HbA1c variability in children with the lowest morning serum cortisol levels (−1 SD) when their parents reported higher attachment anxiety (B = 0.013, t = 2.167, p = 0.033).
The following interactions statistically significantly predicted higher HbA1c variability in Model 2b: male sex in parents with higher attachment avoidance (B = 0.017, t = 2.595, p = 0.011, shown in Fig. 2), higher parental attachment avoidance in children with lowest cortisol levels (−1 SD) (B = 0.015, t = 2.750, p = 0.007) similar to Model 2a. In addition, in those whose parents reported low attachment avoidance (−1 SD) girls had higher HbA1c variability than boys (B = −0.031, t = −3.153, p = 0.002), and higher morning cortisol levels were associated with higher HbA1c variability (B = 7e-5, t = 2.144, p = 0.035).

Predictors of TIR
Participants differed in TIR according to glucose monitoring modality, so CGM/BGM was included as an independent variable in the prediction of TIR. Both models achieved adequate fit, Model 3a including ECR-RS anxiety with a global predictive power of R2 = 0.41, adjusted R2 = 0.26, F(12, 50) = 2.846, p = 0.005, and Model 3b including ECR-RS avoidance with a global predictive power of R2 = 0.37, adjusted R2 = 0.22, F(12, 50) = 2.475 p = 0.013 (whole models are presented in Additional file 3: Table S4). In Model 3a, those who used BGM had a lower TIR than those who used CGM. Higher parental attachment anxiety predicted lower TIR in boys (B = −8.543, t = −3.231, p = 0.002; shown in Fig. 2) and in children with secure attachment to the mother (CAI) (B = −6.254, t = −2.094, p = 0.041). In children who have insecure attachment to their mothers (CAI), TIR decreased with increasing morning cortisol levels (B = −0.041, t = -2.193, p = 0.033). For children whose parents reported high attachment anxiety (+ 1 SD), girls had higher TIR than boys (B = −13.251, t = -2.451, p = 0.018).
Model 3b showed that higher child age significantly predicted lower TIR. Among participants with intermediate or higher (+ 1 SD) morning cortisol levels, use of CGM predicted higher TIR than use of BGM (intermediate cortisol: B = -9.895, t = −2.702, p = 0.009; + 1SD cortisol: B = −20.036, t = −3.336, p = 0.002). Among those whose parents reported high attachment avoidance (+ 1 SD), girls had higher TIR than boys (B = −11.350, t = −2.281, p = 0.027).


Discussion
The aim of the present study was to investigate the influence of child attachment to mother, parental attachment style, and stress response, as measured by morning serum cortisol, on glycemic outcomes in children and adolescents with T1D. Multivariable linear regression models were used to predict average HbA1c, HbA1c variability, and TIR. By and large, the models independently showed that glycemic outcomes were predicted by age and interactions between other factors in most models, with sex and parental attachment style being the most important factors in the interactions.
Specifically, results indicated that girls were more likely to have secure attachment, which is consistent with results available in older children and adolescents [15, 40]. Results further indicated that children's attachment patterns were significantly associated with glycemic outcomes in girls, with securely attached girls having higher mean HbA1c than their insecure counterparts, contrary to expectations. The opposite was true for boys but did not reach statistical significance. Similar trends were reported by Costa Cordella et al. [31], who observed better glycemic outcomes (lower average HbA1c) associated with attachment security in boys but not in girls. The observed worse glycemic control in securely attached girls compared with insecurely attached girls may be due to the earlier transfer of responsibility for disease management from parents to girls in a more trusting parent–child relationship. Transfer of responsibility is widely recognized as a difficult process in diabetes care and an important factor associated with glycemic outcomes in older children and adolescents. The latter is also supported by findings that average HbA1c and HbA1c variability increase with age and TIR decreases. Similar findings of less favorable glycemic outcomes with increasing age have been shown by others [41].
In addition, results showed that in boys, parental attachment style was more strongly associated with glycemic outcomes than their own attachment style. Specifically, several regression models showed that the more insecure the parents' attachment, the higher the average Hb1Ac, HbA1c variability, and the lower TIR. Moreover, when parents reported lower levels of attachment avoidance (a characteristic of secure attachment in parents), girls had higher average Hb1Ac and HbA1c variability than boys. These findings are consistent with those reported by Costa-Cordella et al. in a sample of 77 children, in which mothers' attachment avoidance was positively correlated with their boys' HbA1c levels. Moreover, higher maternal attachment avoidance was associated with lower HbA1c levels in girls [31].
Parental attachment was also found to have a greater impact on diabetes outcomes in children with secure attachment (Model 3a) and in children with lower morning cortisol levels (Model 2a and 2b). These results are consistent with expectations that insecure attachment styles of parents would lead to worse blood glucose outcomes and that a less trusting relationship would lead to lower help-seeking behavior in children of insecure parents. Similar findings were reported by Costa-Cordella et al. in a cohort of 55 mother-son dyads, which were reflected in a negative correlation between maternal reflective functioning (an important feature of secure attachment that facilitates communication between parents and children) and HbA1c levels [42].
The role of cortisol appeared to be important in the group of insecurely attached children, as evidenced by a decrease in TIR with an increase in morning cortisol. The latter is in line with expectations, as a positive correlation between serum cortisol levels and HBA1c was previously observed [23]. In addition, attachment insecurity has been associated with cortisol responses [2, 15, 16]. The hypothesis was that children with a more intense stress response would find it more difficult to regulate their blood glucose levels, which would translate into poorer glycemic control. Cortisol can directly affect blood glucose fluctuations through its effect on the rise and fall of blood glucose levels, but the stressed child may also take poorer care of himself or herself. In particular, in cases where the parents showed low avoidance in their attachment style (secure form), a significant association was found between higher morning cortisol levels and higher HbA1c fluctuation. Thus, it could be concluded that children whose blood glucose fluctuates significantly show an increased stress response, which is more pronounced in secure parent–child relationships.
Strengths and limitations
The present study was unique in that almost the entire cohort of children with T1D from Slovenia between the ages of 8 and 15 years was recruited. In addition, children's attachment to their parents was assessed using a well-established and validated interview measure, as opposed to a self-report measure that is often used in such studies. In addition, Hb1c levels were continuously tracked over a period of approximately 4 years. Moreover, a high proportion of children (82.2%) had an insulin pump, which is the standard of care for children with diabetes [43] and fully reimbursed by the national insurance company for all children and adolescents in Slovenia since 2002.
While these are considerable strengths, some limitations should also be noted. First, parental attachment was assessed using a self-report questionnaire, which, despite its reported reliability and validity [38], could be at risk of over- or under-reporting. Second, we know that other psychological factors, such as emotional or behavioral symptoms of the child or psychopathology of the parents, can influence blood glucose outcomes [44–46], so including assessment of psychopathology would improve the quality and generalizability of the results. Moreover, it was not possible to obtain TIR data from all participants. Finally, cortisol levels were measured only once, but we controlled for changes in circadian cortisol rhythms by collecting samples in the morning. Nonetheless, the results add to the growing literature and highlight the need for further research to identify and explain significant factors that may influence glycemic outcomes across development.
Overall, our research confirms that the influence of psychological factors on diabetes management is relationship- and sex-specific. Our study also raises questions for further research. It would be important to further define the role of cortisol and other stress hormones and psychopathology in children with T1D and their parents in relation to disease management. Given the growing literature on the relationship between attachment and disease progression, it would be imperative to begin evaluating evidence-based attachment-oriented interventions in this population. With the development of new technologies, better quality of diabetes management data is already possible, which will contribute to even more reliable research.


Conclusion
In summary, the current findings suggest that attachment is closely related to glycemic outcomes in children with T1D, suggesting important sex differences. Consequently, attachment needs to be included as a factor in the regular assessment and management of girls and boys with T1D. Clinicians should pay particular attention to those girls who are independent and compliant (indicating secure attachment) but not yet able to control their diabetes. Although it may not be obvious, a gradual transition of responsibility for disease management is needed for them as well, one that does not release them into responsibility too early and thus ensures adequate support over time. On the other hand, boys whose parents express more insecurity in their relationships should also receive additional attention. Such families might benefit from additional counselling or family therapy.
With an increasing proportion of children using artificial intelligence for diabetes management, perhaps the influence of psychological factors could be significantly reduced in the future without other interventions. This remains to be determined, but in the meantime, our goal should be to achieve the best possible care with available interventions and to provide evidence for their use.
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