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ABSTRACT 

A growing body of work suggests that the roots of cardiometabolic health may trace back 

to the first decades of life, with positive and negative early experiences setting the stage for 

health in adulthood. While prior research has examined psychosocial pathways of risk and 

resilience in relation to adult cardiometabolic outcomes, no studies have assessed their impact on 

health and well-being earlier in the life course. Therefore, this dissertation investigates whether 

these pathways might begin to show effects on health as early as childhood and adolescence. 

Paper 1 uses data from the Avon Longitudinal Study of Parents and Children to examine 

whether children with higher versus lower levels of positive psychological and behavioral assets 

are more likely to be in optimal cardiometabolic health by age 17 years. Results indicated that 

childhood assets cumulatively predicted cardiometabolic health by adolescence, with impacts 

observed across multiple physiologic systems. Paper 2 assesses whether poor mental health at 

age 5 years contributes to declines in cardiometabolic functioning from early to middle 

childhood using data from the Generation R Study. Although mental health did not appear to be 

associated with cardiometabolic functioning in early childhood, findings indicated that higher 

levels of mental health problems predicted declines in cardiometabolic functioning by age 9 

years. Finally, Paper 3 uses data from the Generation R Study to investigate associations of 

ethnic-based intergroup threat reported by mothers with children’s mental health to identify 

intergenerational pathways of risk that likely precede emotion-related alterations in 

cardiometabolic functioning. Results found evidence of adverse intergenerational effects on 
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mental health among children whose mothers experienced a strong sense of intergroup threat, 

irrespective of ethnic minority status.  

The three studies in this dissertation indicate that psychosocial factors can influence 

pathways of cardiometabolic risk and resilience in ways that are evident prior to adulthood. 

Therefore, it is possible that the health benefits of childhood assets and the deteriorative effects 

of poor mental health may contribute to previously documented associations between 

psychosocial factors in childhood and adult health outcomes. Taken together, these studies 

highlight potential new targets for childhood intervention that may help delay the onset of 

chronic disease or prevent it altogether. 
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INTRODUCTION 

 

With the prevalence of cardiometabolic disease rapidly increasing around the globe,1 

understanding its developmental origins has become an important public health priority. 

Although the majority of deaths due to ischemic heart disease, stroke, and diabetes occur among 

older adults, research suggests that the roots of cardiometabolic health may trace back to the first 

decades of life.2 Numerous studies find that children who experience stressful life events are 

more likely to have higher levels of cardiometabolic risk as adults,6-7 with poor mental health 

mediating this relationship.  On the other hand, some evidence suggests that positive social and 

emotional factors in childhood predict a greater likelihood of favorable cardiovascular health at 

midlife, and therefore may serve a health promoting function over time.3,4 To date, prior work 

investigating the childhood origins of cardiometabolic health largely focuses on adult 

populations, and less is known about how early in life psychosocial factors might begin to exert 

physiologic effects. Therefore, the goal of my dissertation is to examine the relationship between 

social environments, mental health, and biological indicators of cardiometabolic functioning 

among youth to elucidate early pathways of risk and resilience.   

Among adults, emotion-related processes are considered important mediating 

mechanisms linking social stress and cardiometabolic health because they uniquely capture the 

dynamic interplay between an individual and their social environment.5,6 In 2003, Gallo & 

Matthews developed the reserve capacity model to articulate psychosocial mechanisms linking 

stress and health, and the ways positive factors shape trajectories of risk and resilience.7 The 

model proposes that social stress can influence emotional responses in ways that increase disease 

risk by triggering harmful changes in biological functioning or the adoption of poor health 
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behaviors. Reserve capacity refers to an individual’s stock of positive factors, including personal 

traits or behaviors (i.e., internal assets) and social resources (i.e., external assets) that are thought 

to mediate or modify the impact of stress on health.6  

Despite evidence of the health-compromising effects of adverse childhood experiences8-11 

and substantiated links between childhood emotional dysfunction and adult cardiometabolic 

disease,12,13 no research has used the reserve capacity model to investigate the development of 

biological risk prior to adulthood. For my dissertation, I adapted this model to highlight the 

importance of the childhood period in establishing the foundations for lifelong health14 (see 

Figure 0.1) and tested different relationships described in it using existing data from two large 

European birth cohorts. 

 
Figure 0.1: Dissertation theoretical framework adapted from Gallo & Matthews’ 
reserve capacity model.7 

 
 

In Paper 1, I used data from the Avon Longitudinal Study of Parents and Children in England to 

assess whether children with high levels of internal assets are more likely to be in optimal 

cardiometabolic health by adolescence. In Paper 2, I tested whether poor mental health at age 5 

years predicts declines in cardiometabolic functioning from early to middle childhood using data 
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from the Generation R Study in The Netherlands. Finally, in Paper 3, the intergenerational 

impact of intergroup threat – an understudied form of social adversity – on children’s mental 

health was also examined in Generation R to identify pathways that likely precede emotion-

related alterations in children’s cardiometabolic functioning. Taken together, the three studies 

included in my dissertation will shed new light on early changes in children’s health and well-

being that may influence their likelihood of developing chronic disease later in life.  
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ABSTRACT 

 

Background: Research shows the development of cardiometabolic disease can begin early in 

life with risk factors accumulating over time, but less is known about protective pathways to 

positive health. Using prospective data, this study tests whether specific childhood assets predict 

greater likelihood of being in optimal cardiometabolic health by age 17.  

 

Methods: Data are from 3,074 participants in the Avon Longitudinal Study of Parents and 

Children (mean age=17.8). Four childhood assets were prospectively assessed via cognitive tests 

and parent report when children were between ages 8 and 10: possessing strong executive 

functioning skills, prosocial behaviors, and low levels of externalizing and internalizing 

problems. Cardiometabolic health was assessed at ages 9 and 17 using a composite dysregulation 

score derived from multiple biological parameters, including cholesterol, blood pressure, C-

reactive protein, insulin resistance, and body mass index. Associations between assets and 

optimal health at age 17 (i.e. dysregulation score ≤1) were evaluated using Poisson regression 

models with robust error variances.  

 

Results: After controlling for relevant covariates, including sociodemographic factors, correlates 

of cardiometabolic health, and age 9 cardiometabolic dysregulation scores, participants with 

multiple assets were 1.08-1.27 times more likely to be in optimal cardiometabolic health at age 

17 compared to those with 0-1 asset. Each additional asset conferred a 6% greater likelihood of 

optimal cardiometabolic health over time (Relative Risk (RR)=1.06, 95% Confidence Interval 

(CI)=1.01, 1.11).  
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Conclusions: Childhood assets predicted cardiometabolic health by age 17 with seemingly 

cumulative impacts. Identifying early assets may provide novel targets for prevention and 

elucidate pathways to positive adult health.  
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INTRODUCTION 

Cardiovascular disease (CVD) is the leading cause of mortality worldwide, accounting 

for over 30% of global deaths.15 While most children are born with optimal cardiovascular 

health, less than a quarter of individuals possess it by adulthood.16 Research on the childhood 

origins of CVD has found that early life factors influence cardiovascular risk over the life 

course.17 To date, work in this area has explored the negative impact of early adversity,18 while 

less research has investigated the potential protective effect of childhood assets like interpersonal 

resources (e.g., parental warmth) and intrapersonal competencies (e.g., effective emotion 

regulation). Assets reflecting positive cognitive and psychological functioning have been shown 

to predict academic achievement and thriving in adolescence,19,20 but remain understudied with 

regard to the establishment of early trajectories of physical health. 

Prior research indicates that childhood assets like attention regulation and cognitive 

ability are associated with favorable cardiovascular health at midlife, 3,4,21,22 but it is unclear 

whether protective effects are evident prior to adulthood. Research on early life adversity has 

found that it is associated with poorer cardiometabolic profiles in childhood and 

adolescence,18,23,24 suggesting that psychosocial-related biological alterations are observable in 

the first decades of life. Since risk factors in childhood contribute to early health deteriorative 

processes, it is plausible that assets may serve a health-promoting function as youth transition to 

adulthood. Therefore, the goal of this study was to test whether positive childhood assets predict 

a greater likelihood of being in optimal cardiometabolic health by late adolescence.  

 

METHODS 

Sample 
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Data are from the Avon Longitudinal Study of Parents and Children (ALSPAC) in 

England.25-27 Between April 1991 and December 1992, 14,541 pregnant women were enrolled, 

and the health and development of their children was assessed prospectively through age 17.28 

Additional participants were enrolled in the study when children were 7 years old, resulting in 

15,458 total participants. The eligible sample for the present study was a total of 14,181 

singleton live born children who lived past 12 months and did not have an acute infection at ages 

9 or 17 (C-reactive protein [CRP] >10 mg/L). The final analytic sample included 3,074 

participants with available data on at least 4 cardiometabolic measures at age 17. A flowchart 

depicting the sample composition over the study period is provided in Figure 1.1.   

 

Figure 1.1: Flow chart of ALSPAC study sample composition. 
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Data were collected through questionnaires administered periodically to mothers and 

children starting during pregnancy and continuing through age 17. Biological measures on child 

participants were obtained through clinical assessments conducted every two years from ages 9 

to 17. Detailed information on all data can be accessed on the study website 

(http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary). All participants’ parents 

provided written, informed consent for their child to take part in the study and children also 

assented to data collection starting at age 9.28 Research protocols were approved by the ALSPAC 

Law and Ethics Committee and Local Research Ethics Committee.  

 

Measures 

Childhood Assets. Four assets reflecting positive cognitive and psychological 

functioning were considered: (1) strong executive functioning (EF) skills, (2) prosocial 

behaviors, (3) low levels of internalizing problems (e.g. being withdrawn or anxious), and (4) 

low levels of externalizing problems (e.g. being aggressive or hyperactive). EF skills were 

directly measured using tasks assessing children’s cognitive function, while prosocial behavior 

and internalizing and externalizing problems were assessed through maternal report at age 9 

using the validated Strengths and Difficulties Questionnaire (SDQ).29,30  

EF Skills. Participants completed computer-based tasks that assessed five discrete EF 

skills at two points in childhood. At age 8, measures of selective attention, dual attention, and 

attentional control, were obtained using tasks from the validated Tests of Everyday Attention for 

Children assessment tool.31 At age 10, participants’ working memory was assessed using the 

Counting Span Task,22, 32 and, inhibitory control was assessed using the Stop Signal Task. 33-35 

More information on EF tasks is provided in the Appendix.  

http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary
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Since EF comprises several related yet distinct skills,36,37 a composite EF asset measure 

was constructed by combining data on participants’ performance on each task following a 

procedure similar to that used in prior work on childhood self-regulation.38 First, to identify 

participants with a high level of proficiency in each domain, EF measures were dichotomized at 

the quintile of the sample distribution representing the highest level of task performance. The 

number of domains in which children performed well were summed to create an EF score with 

higher scores indicating skill in multiple EF domains. Children who were top performers on ≥3 

domains were considered to have strong EF skills.  

Prosocial Behaviors. At age 9, participants’ mothers completed the 5-item prosocial 

subscale of the SDQ,29,30 endorsing statements about their child’s positive behaviors in the prior 

6 months on a 3-point scale from 0 (not true) to 2 (certainly true). Items were summed to create a 

summary score, with higher values reflecting a stronger prosocial tendency (α = 0.68). 

Participants scoring within the average range defined in the SDQ manual (≥ 6) were defined as 

prosocial. 

Low Internalizing or Externalizing Problems.  Following prior work, internalizing 

behaviors were assessed by summing the emotional problems and peer problems subscales on 

the SDQ (α = 0.73).39 Following SDQ manual criteria, we defined low levels of internalizing 

problems as having scores below the top quintile of the sample distribution (≤4). Externalizing 

behaviors were measured as the sum of conduct problems and hyperactivity subscale scores (α = 

0.77). We defined low levels of externalizing problems as having scores below the top quintile of 

the sample distribution (≤6).  
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Total Childhood Assets. Individual binary assets were summed into a categorical 

measure of total assets (0-1, 2, 3, or 4 assets). This served as the primary predictor in all 

analyses. 

Cardiometabolic Health at 17y. The American Academy of Pediatrics recently 

recommended that clinicians assess youth health profiles based on the presence of elevated levels 

of multiple biological risk markers.40 Therefore, cardiometabolic health was defined by the 

absence of multiple dysregulated cardiometabolic parameters. Data for each parameter was 

collected on-site following standard study protocols28,41 (see Appendix). A composite measure of 

cardiometabolic health was created using continuous data on fasting high-density lipoprotein 

cholesterol [HDL] (mmol/L), fasting non-high-density lipoprotein cholesterol [nHDL] (total 

cholesterol – HDL; mmol/L), systolic blood pressure [SBP] (mm Hg), diastolic blood pressure 

[DBP] (mm Hg), the homeostatic model assessment of insulin resistance [HOMA-IR] ([fasting 

glucose x fasting insulin]/22.5),42 CRP (mg/L), and body mass index [BMI] (kg/m2). First, 

continuous measures were dichotomized to indicate dysregulation based on the unhealthiest 

quintile of the sample distribution for each parameter (e.g., ≥80th percentile for nHDL, SBP, 

DBP, HOMA-IR, CRP, and BMI; ≤20th percentile for HDL). Scores defining the unhealthiest 

quintiles in ALSPAC were largely consistent with thresholds identified in pediatric populations, 

when available (see Supplementary Table S1.1).  Therefore, for each parameter, dysregulation 

captured both clinical and sub-clinical risk. The number of dysregulated parameters was then 

summed to create an overall dysregulation score (0 to 7), with higher scores indicating poorer 

health. Participants were considered to be in optimal cardiometabolic health if they had 

dysregulated levels on 0 or only 1 parameter (i.e., no evidence of clustered dysregulation). More 

information on the derivation of dysregulation scores is provided in the Appendix. 
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Cardiometabolic Health at 9y. At age 9 clinical visits, non-fasting blood samples were 

collected, precluding the assessment of insulin resistance. Therefore, the parameters used to 

construct a measure of cardiometabolic health at age 9 included non-fasting nHDL (mmol/L), 

non-fasting HDL (mmol/L), SBP (mm Hg), DBP (mm Hg), CRP (mg/L), and BMI (kg/m2). 

Using the same procedures described previously, cardiometabolic measures were dichotomized 

to reflect dysregulation based on the unhealthiest quintile of the distribution for each parameter, 

then summed to create an age 9 dysregulation score ranging from 0 to 6.  

Covariates. Child and family level covariates were assessed by maternal-completed 

questionnaires. Child confounders included sex, precise chronological age at the age 9 clinical 

visit, and experiencing puberty by age 10 (Tanner stage 2 or higher, determined by pubic hair 

growth). Family-level confounders included maternal educational attainment (below O-level, O-

level, A-level, university or higher), parental manual labor occupation based on the highest social 

class reported by either parent (categories III-V of the 1991 British Office of Population and 

Census Statistics classification), and living in poverty during the participant’s childhood (weekly 

family income less than £200 at age 3, 4, 7, or 8). Known correlates of future cardiometabolic 

health included the child’s birth weight (g), presence of chronic conditions by age 10 (diabetes, 

asthma, or epilepsy), family history of cardiometabolic disease (i.e., diabetes, coronary heart 

disease, hypertension), and maternal pre-pregnancy BMI (kg/m2). Adolescent health behaviors 

that may serve as pathway variables included youth-reported past 30-day cigarette use and 

weekly alcohol consumption at age 17.  

Statistical Analysis  

We compared the distribution of study covariates among participants in the final analytic 

sample to those lost to follow-up using χ2 tests. Missing data due to participant attrition was 
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accounted for using a combination of multiple imputation (MI) and inverse probability weighting 

(IPW) (see the Appendix for more information).43  

We then examined bivariate associations between total assets and study covariates using 

χ2 tests. Since most participants were healthy at age 17, multivariable associations were assessed 

using Poisson regression models with robust error variances to minimize bias in the estimation of 

risk ratios.44 All results from Poisson regression analyses were exponentiated for interpretation 

as relative risk (RR) (i.e., likelihood) of being in optimal cardiometabolic health at age 17. 

Associations between assets and health were tested using four sets of sequentially adjusted 

regression models, accounting for confounders, correlates of future cardiometabolic health 

including cardiometabolic dysregulation scores at age 9 and adolescent health behaviors that may 

serve as pathway variables. Potential sex differences were evaluated by introducing an 

interaction term and stratification. 

Sensitivity analyses examined whether specific cardiometabolic parameters or specific 

assets accounted for most of the observed relationships. Separate Poisson regression analyses 

evaluated associations between total assets and having healthy levels of each cardiometabolic 

parameter, controlling for confounders and cardiometabolic correlates. Separate adjusted 

analyses also evaluated associations between individual assets and total cardiometabolic health. 

Finally, to assess the robustness of findings, associations between total assets and dysregulation 

scores were examined using linear regression. All analyses were conducted using Stata MP 

v.15.0. 

 

RESULTS 



 14 

Sample Description. The average age of the final analytic sample was 17.8 years. 

Roughly half of participants were female and over 95% were white. When considering childhood 

cardiometabolic-related factors, 11.6% of children had a chronic condition before age 10, and 

nearly half had a family history of cardiometabolic disease. With respect to attrition, participants 

who remained in the sample were more likely to be socially advantaged and in optimal 

cardiometabolic health at age 9 compared to those who were lost to follow-up (see Table 1.1). 
 

 

Table 1.1: Distribution of study variables comparing participants included in the final analytic sample 
(n=3,074) to those who were lost to follow-up (n=11,107) a 
 Participants 
 Final  

Sample  
Lost to  

Follow-Up 
  

 n (%) n (%)  p-value b 

Total Sample 3,074 (21.7) 11,107 
(78.3)  -- 

Child Characteristics     
     Female 1,585 (51.6) 5,315 (47.9)  <0.001 
     White 2,891 (95.1) 9,993 (94.1)  0.006 
     Birthweight <2,500 g 116 (4.0) 468 (4.5)  0.2 
     Childhood Chronic Condition  298 (11.6) 633 (12.8)  0.1 
     Cardiometabolic Dysregulation Score ≥2 at Age 9  681 (32.8) 1,042 (38.5)  <0.001 
     Experienced Puberty by 10y  376 (16.7) 776 (18.5)  0.08 
Family Characteristics     
     Parent History of Cardiometabolic Disease 1,247 (43.8) 3,595 (39.2)  <0.001 
     Mother Overweight or Obese Pre-Pregnancy 501 (19.0) 1,785 (21.3)  0.009 
     Maternal Education     
          Below O-Level 502 (17.6) 3,102 (34.0)  <0.001 
          O-Level 919 (32.3) 3,223 (35.3)   
          A-Level 849 (29.8) 1,860 (20.4)   
          University or Higher 579 (20.3) 952 (10.4)   
     Parental Manual Labor Job  917 (38.5) 3,513 (51.8)  <0.001 
     Experienced Poverty by 9y Clinic 691 (33.7) 2,688 (55.9)  <0.001 
a n’s are based on observed values and may vary due to missing data. 
b Calculated by F2 test.  

 

Table 1.2 shows the characteristics of the sample according to participants’ total 

childhood assets. Assets were common, with 71.8% of participants possessing 3 or more. 
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Table 1.2: Descriptive statistics of ALSPAC sample, by total childhood assets.  
 0-1 Assets 2 Assets 3 Assets 4 Assets  

  n (%) n (%) n (%) n (%) p-value b 

Total Sample 153 (8.4) 359 (19.8) 1,144 (63.0) 159 (8.8) -- 

Child Characteristics      
     Sex      
          Female 63 (6.7) 184 (19.5) 602 (63.7) 96 (10.2) 0.008 
          Male 90 (10.3) 175 (20.1) 542 (62.3) 63 (7.2)  
     Birthweight      
          Less than 2,500 g 7 (10.6) 14 (21.2) 40 (60.6) 5 (7.6) 0.9 
          2,500 g or More  140 (8.4) 327 (19.7) 1,045 (62.9) 149 (9.0)  
     Childhood Chronic Condition       
          Yes 20 (9.3) 40 (18.6) 139 (64.7) 16 (7.4) 0.8 
          No 125 (8.3) 293 (19.5) 947 (63.1) 137 (9.1)  
     Cardiometabolic Dysregulation at Age 9      
          Dysregulation Score of 0 or 1  70 (7.5) 185 (19.8) 598 (64.0) 82 (8.8) 0.7 
          Dysregulation Score ≥ 2 39 (9.2) 78 (18.4) 269 (63.4) 38 (9.0)  
     Experienced Puberty by Age 10       
          Yes 29 (11.4) 46 (18.0) 156 (61.2) 24 (9.4) 0.4 
          No 105 (8.1) 257 (19.9) 817 (63.1) 115 (8.9)  
Family Characteristics      
     Parent History of Cardiometabolic 
Disease 

     

          Yes 62 (8.0) 152 (19.6) 491 (63.4) 69 (8.9) 0.9 
          No 84 (8.8) 190 (19.9) 600 (62.9) 80 (8.4)  
     Maternal BMI Pre-Pregnancy      
          Overweight or Obese  112 (8.5) 260 (19.7) 832 (63.1) 114 (8.7) 0.8 
          Less than 25 kg/m2 21 (6.9) 57 (18.8) 198 (65.1) 28 (9.2)  
     Maternal Education      
          Below O-Level 28 (11.3) 53 (21.5)  150 (60.7)  16 (6.5) 0.2 
          O-Level 49 (9.0) 116 (21.3) 341 (62.5) 40 (7.3)  
          A-Level 41 (7.5) 108 (19.7) 346 (63.0) 54 (9.8)  
          University or Higher 25 (6.5) 65 (17.0) 251 (65.7) 41 (10.7)  
     Parental Occupation      
          Manual Labor Job 48 (9.2) 118 (22.6) 317 (60.7) 39 (7.5) 0.05 
          Non-Manual Labor Job 70 (7.3) 172 (18.0) 621 (65.0) 93 (9.7)  
     Ever Experienced Poverty by Age 9      
          Yes 48 (12.7) 90 (23.9) 213 (56.5) 26 (6.9) <0.001 
          No 71 (7.4) 174 (18.1) 624 (64.9) 93 (9.7)  

Health Behaviors in Adolescence      
     Smoked in Past 30 Days at Age 17      
          Yes 44 (10.8) 93 (22.8) 238 (58.3) 33 (8.1) 0.04 
          No 27 (7.5) 60 (16.6) 242 (66.9) 33 (9.1)  
     Consumed Alcohol Weekly at Age 17      
          Yes 29 (8.4) 60 (17.3) 224 (64.6) 34 (9.8) 0.7 
          No 93 (8.2) 227 (19.9) 721 (63.2) 100 (8.8)  

a n’s are based on observed values and may vary due to missing data. 
b Calculated by F2 test. 
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No appreciable differences were observed by correlates of cardiometabolic health, however 

assets were socially patterned. Having one or no assets was more common among children who 

were male (F2=11.9, p=0.005), with parents in a manual labor job (F2=8.0, p=0.05), and who 

experienced child poverty (F2=20.4, p<0.001). Additionally, participants who reported smoking 

in the past 30 days had fewer assets (F2=18.7, p<0.001).  

With respect to cardiometabolic health, 67.2% of participants were in optimal health at 

age 9, compared to 62.0% at age 17. Half of participants (49.2%) maintained good health from 

childhood to adolescence. 15.2% of participants were in poor health at age 9, but were in optimal 

health by age 17. Controlling for sex, optimal childhood cardiometabolic health was associated 

with a 1.67 times greater likelihood of optimal health in adolescence (95% CI=1.53, 1.82; 

p<0.001). 

 

Childhood Assets and Cardiometabolic Health at 17y 

A positive association between childhood assets and age 17 cardiometabolic health was 

observed across all models, with estimates attenuating slightly with increasing levels of 

adjustment (see Table 1.3). As assets accumulated, participants were increasingly more likely to 

be in optimal health at age 17, even after controlling for all study covariates. Tests for a linear 

trend found that each additional asset conferred a 6% greater likelihood of optimal 

cardiometabolic health over time (95% CI=1.01, 1.11; p=0.01). Associations were robust to 

further adjustment for adolescent health behaviors.  

Formal tests for interaction by sex were null. However, sex stratified analyses appeared 

to yield larger estimates for males (see Supplementary Figure S1). 
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Sensitivity Analyses 

Associations between total childhood assets and individual cardiometabolic parameters 

were in expected directions, with more assets associated with an equal or greater likelihood of 

being within a healthy range for each cardiometabolic parameter (see Table 1.4). The largest 

associations were evident among participants who possessed all four assets. While estimates 

appeared to be comparable across parameters, the strongest protective associations were 

observed in relation to SBP and BMI. Mean levels of cardiometabolic parameters by total assets 

are provided in the Appendix. For all other parameters except nHDL, associations were less 

pronounced, but having four assets was protective. Analyses by individual asset found that EF 

skills (RR=1.15; 95% CI=1.05, 1.26) had the strongest association with cardiometabolic health 

(see Supplementary Table S1.3).   

Associations between assets and health defined by continuous dysregulation scores 

supported our initial findings. Participants with more assets had less cardiometabolic 

dysregulation at age 17 (fully adjusted linear trend β=-0.11, p=0.05; full results provided in 

Supplementary Table S1.2. 
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DISCUSSION 

The goal of this study was to test whether childhood assets predict positive 

cardiometabolic health in adolescence. Considering four psychological and behavioral assets 

measured in childhood, children with multiple assets were more likely to have optimal 

cardiometabolic health at age 17 compared to those with one or fewer. Associations persisted 

after accounting for children’s cardiometabolic health at study baseline and controlling for 

relevant covariates. Our results are consistent with prior research on childhood assets and adult 

cardiovascular health,3,4 but extend that work by demonstrating that protective effects may be 

observed earlier in the life course than previously appreciated. Also consistent with prior 

findings, 3 the accumulation of assets appears to drive positive health additively from childhood 

to adolescence, much like the accumulation of risk factors contributes to health deterioration 

over time. Sensitivity analyses evaluating associations with individual cardiometabolic 

parameters indicated comparable positive associations, suggesting childhood assets may have 

protective effects in multiple physiological systems.  

  This study has some limitations. Given this is observational research, causality cannot be 

determined conclusively. However, we included numerous covariates through a series of nested 

adjustment models, and all models yielded consistent estimates. Selective attrition is also a 

potential concern. Study retention was socially patterned, as disadvantaged children were less 

likely to remain in the study than more advantaged youth. Although prior work suggests 

estimates are only slightly affected by attrition from ALSPAC,45 we adopted a rigorous approach 

to account for missing data, combining MI and IPW techniques. Lastly, assets were only 

assessed between ages 8 and 10. Since repeated measurements were not collected, we were 
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unable to examine the stability of assets or whether acquiring assets during adolescence was 

associated with better cardiometabolic health over time.  

This study also has numerous strengths. Data were from a large, community-based 

sample of parents and children, collected at various time points beginning in fetal life and 

continuing through adolescence. Cardiometabolic measures were obtained during clinical visits 

starting in childhood, with data available at the time assets were assessed. Additionally, a rich 

array of information on health, social factors, and behaviors over the follow-up period was 

available, making it possible to adjust for many potential confounders and correlates of 

cardiometabolic health. 

If replicated, our results could have important policy implications. Of the assets 

examined, EF skills appeared to have the strongest impact on participants’ future health. 

Effective interventions targeting this asset have been developed, and prior work has shown that 

EF skills can be improved in childhood with targeted enrichment.34 Programs that successfully 

improve EF skills include computer-based training, martial arts, and the Tools of the Mind and 

Montessori pre-school curricula.46 While these programs are touted for improving school 

readiness and reducing social disparities in education,47 our findings may suggest that they may 

also contribute to reducing cardiometabolic health disparities early in life. Increasing investments 

in early initiatives to support the development of childhood assets may be a worthwhile future 

direction for the primordial prevention of cardiovascular disease.48  

Our results also have important implications for epidemiologic research. The childhood 

assets included in this study are foundational for developing self-regulation, decision-making 

skills, and emotional well-being, and as a result, may be considered critical to lifelong health.14 

While there is considerable evidence of associations between early psychosocial risk factors and 
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poor cardiometabolic outcomes,18 no cohort studies have prospectively collected substantive data 

on childhood assets to identify protective pathways to positive cardiometabolic health. Few 

studies measure positive functioning, like children’s emotion regulation abilities or positive 

emotional states. Due to data limitations, we defined two assets by the absence of behavior 

problems, which may not fully capture the unique contributions of positive psychological 

functioning to health. Considered in conjunction with emerging research on the health promoting 

(and potentially restorative) impact of positive psychological well-being among adults,49,50 our 

findings indicate a greater need for large-scale studies to monitor positive factors starting in 

childhood. A more comprehensive understanding of the distribution of childhood assets in the 

population and the pathways by which they influence heath and disease over the life course will 

provide a stronger evidence base with which to inform clinical practice.  

 

CONCLUSION 

This study contributes to the growing field of positive cardiovascular health50 and 

primordial prevention.48 While work in this area has historically focused on adults,49 our study 

examined pathways earlier in the life course and with respect to a broader array of 

developmentally informed psychological and behavioral assets. Our findings suggest early 

investment in assets may help youth maintain health and combat the accumulation of health 

damaging behavioral and biological risk factors over time. Identifying novel targets for early 

prevention and developing systems to monitor assets in the population are important future 

directions for pediatric epidemiology. 
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APPENDIX  

Executive Functioning (EF) Measures 

Computer-based tasks completed by participants assessed five discrete EF skills at two 

points in childhood. At age 8, three measures of attention were obtained using tasks from the 

validated Tests of Everyday Attention for Children assessment tool.1 The Sky Search Task was 

used to test children’s selective attention skills by having participants accurately identify 

identical spaceships on a computer screen as quickly as possible. Selective attention scores 

quantified the speed and accuracy with which children identified spaceships, with lower scores 

indicating better performance. Dual attention abilities were assessed using the same task with the 

additional requirement of counting periodic noises that played as participants identified matching 

ships. Dual attention scores reflected the decrement in task performance with and without the 

addition of noises, with lower scores indicating better performance. The Opposite Worlds Task 

was used to assess attentional control by having children verbally contradict a visual cue 

presented on their computer screen. In the “same world” condition, participants viewed a series 

of 24 numbers and were prompted to say “one” or “two” when they saw each number 

respectively. In the “opposite world” condition, participants were prompted to say “two” when 

they saw a one and “one” when they saw a two. Attentional control was measured as the time to 

complete the task in the opposite world condition irrespective of errors, with faster times 

indicating greater task proficiency.  

At age 10, participants’ working memory was assessed using the Counting Span Task,2 

which tests cognitive processing and information storage by having participants view a set of 

visual cues on a computer, and then recall them in the order they were presented. Working 

memory scores were the number of correctly recalled sets, with higher scores indicating better 



 25 

working memory capacities. Finally, inhibitory control was assessed using the Stop Signal Task 

to test children’s ability to stop themselves from reacting to a stimulus.3-5 In accordance with 

ALSPAC protocols, inhibitory control was measured as the number of correct trials completed in 

the condition where the stop signal was administered at a 150 ms delay, with a higher number of 

correct trials indicating better task performance. 

 

Cardiometabolic Data Collection Procedures 

Cardiometabolic data was collected on-site following standard study protocols.6, 7 At age 

17, participants were advised to fast for at least 6 hours before their clinical visit. Fasting blood 

samples were obtained through venipuncture by a trained phlebotomist using standard 

procedures, then spun and frozen at -80ºC. After 3 to 9 months, plasma samples were thawed and 

assayed to obtain glucose, insulin, and lipid measurements. Glucose was quantified using an 

automated hexokinase assay, insulin using an ELISA automated microparticle enzyme assay, and 

lipids in accordance with a modified standard Lipid Research Clinic Protocol using enzymatic 

reagents.8 Reported blood pressure measurements were calculated as the mean of two measures 

obtained using a Dinamap 9301 Vital Signs Monitor. CRP levels were assessed by particle-

enhanced immunoturbidimetric assay. Participants’ height was obtained using a Harpenden 

Stadiometer, which required children to stand straight against an upright backboard as a 

headboard with a 1-kilogram weight was lowered until it touched the participant’s head. Children 

removed all clothing but their undergarments for weight measurements, which were obtained to 

the nearest 50 grams using a Tanita Body Fat Analyser.  

 

Cardiometabolic Dysregulation Score  
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 Biological parameters that directly reflect cardiometabolic functioning9 or are considered 

to be indicators of cardiometabolic risk10 were selected for inclusion. Following prior research on 

allostatic load and physiologic dysregulation,11 we constructed scores by first dichotomizing 

measures based on sample-specific percentile cut-points (i.e., the unhealthiest quintile of the 

distribution), then summing across all cardiometabolic components to indicate participants’ total 

number of dysregulated parameters. For each parameter assessed at ages 9 and 17, scores 

defining the unhealthiest quintiles in ALSPAC were largely consistent with thresholds identified 

in prior literature in pediatric populations.9 For some cardiometabolic parameters included in our 

risk scores (namely, CRP and HOMA-IR), pediatric high risk cut-points have not been 

established, so comparisons were made with thresholds identified in adult populations.12,13 For a 

full list of the threshold values used to create dysregulation scores in comparison with those 

identified in prior literature, see Supplemental Table S1.1.  

 

Missing Data Procedures 

Due to high rates of attrition, the study sample comprised only 20.7% of originally 

recruited participants. To minimize potential bias due to selective drop-out, individuals excluded 

from the sample at age 17 due to incomplete cardiometabolic data (n=11,107) were accounted 

for using a combination of MI and IPW.14 First, among participants eligible to be included in the 

study, missing covariate, outcome, and predictor data were multiply imputed.15 Since 

missingness was common (between 15% and 55% on most study variables, but exceeding 70% 

for self-reported health behaviors at age 17), we generated 100 multiply imputed datasets using 

chained equations in line with recommendations that the number of imputed datasets be equal to 

or greater than the proportion of incomplete cases in the sample.16  Imputed data were then used 
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to generate weights for the entire sample to reflect participants’ inverse probability of remaining 

in the study until age 17. After trimming the imputed weights at the 1st and 99th percentiles,17 

final weighted analyses were conducted only among participants included in the analytic sample 

(n=3,074).



 28 

 
 
 
 
 
 
 
 
 
 

Supplemental Figure 
 
Figure S1.1: Sex-stratified associations between total childhood assets and cardiometabolic 
health at age 17, adjusted for confounders and correlates of cardiometabolic health (n=3,074).   
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I, and num

ber of dysregulated cardiom
etabolic 
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eters at 9y clinic 
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djusted for covariates in M

odels 2 and 3 as w
ell as adolescent health behaviors including sm
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     T
able S1.3: C

rude and adjusted associations betw
een individual childhood assets and cardiom

etabolic 
health at 17 years (n=3,074). a 

 
C

ardiom
etabolic H

ealth at 17y C
linic 

 
M

odel 1 b 
 

M
odel 2 c 

C
hildhood A

sset 
R

R
 (95%

 C
I) 

p-value 
 

R
R

 (95%
 C

I) 
p-value 

Executive Functioning Skills 
1.18 (1.08, 1.30) 

<0.001 
 

1.15 (1.05, 1.26) 
0.002 

Prosocial B
ehaviors 

1.03 (0.93, 1.14) 
0.6 

 
1.05 (0.96, 1.16) 

0.3 
Low

 Internalizing Problem
s 

1.07 (0.97, 1.17) 
0.2 

 
1.01 (0.93, 1.11) 

0.8 
Low

 Externalizing Problem
s   

1.17 (1.05, 1.28) 
0.003 

 
1.12 (1.02, 1.23) 

0.02 
a   Exponentiated relative risks w

ere estim
ated using Poisson regression m

odels w
ith robust error 

variances, and p-values w
ere calculated using F-tests.  

b   U
nadjusted.  

c   A
djusted for sex, age at baseline, pubertal status at age 10, m

aternal education, experiencing poverty 
during childhood, parental m

anual labor occupation, childhood chronic conditions, birthw
eight, 

fam
ily history of coronary heart disease or diabetes, m

aternal pre-pregnancy B
M

I, and num
ber of 

dysregulated cardiom
etabolic param

eters at 9y clinic.  
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       T
able S1.4: M

ean levels of individual cardiom
etabolic param

eters at age 17. a 

 
C

ardiom
etabolic H

ealth Param
eters at 17y C

linic 

T
otal  

C
hildhood 

A
ssets 

nH
D

L 
m

g/dL 
(n=1,815) 

 
 H

D
L

 c 
m

g/dL
  

(n=1,815) 

 
SB

P  
m

m
H

g 
(n=1,710) 

 
D

B
P  

m
m

H
g 

(n=1,710) 

 
C

R
P 

m
g/L   

(n=1,815) 

 
IR

  
(n=1,778) 

 
 B

M
I  b 

kg/m
2 

(n=1,767) 

M
ean (SD

) 
 

M
ean (SD

) 
 

M
ean (SD

) 
 

M
ean (SD

) 
 

M
ean (SD

) 
 

M
ean (SD

)  
M

ean (SD
) 

0-1A
ssets 

97.78 (27.9) 
 

47.68 (11.5) 
 

118.28 (9.0) 
 

64.35 (6.0) 
 

1.18 (1.6) 
 

2.08 (1.6) 
 

 23.13 (4.1) 
2 A

ssets 
94.55 (26.9) 

 
49.52 (11.6) 

 
117.01 (10.1) 

 
63.84 (5.8) 

 
1.07 (1.3) 

 
1.95 (3.4) 

 
 22.90 (4.9) 

3 A
ssets 

95.72 (25.5) 
 

49.76 (11.9) 
 

116.33 (10.3) 
 

63.55 (6.1) 
 

1.11 (1.5) 
 

1.78 (1.3) 
 

 22.42 (3.4) 
4 A

ssets 
96.20 (26.1) 

 
52.18 (11.5) 

 
116.19 (9.6) 

 
63.45 (5.2) 

 
0.88 (1.1) 

 
1.84 (2.1) 

 
22.29 (3.1) 

a D
ifferences in m

ean values assessed using A
N

O
V

A
. 

b p ≤ 0.05 
c p ≤ 0.01 
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ABSTRACT 

 

Background: Poor mental health in childhood is associated with a greater risk of 

cardiometabolic disease in adulthood, but less is known about when these associations begin to 

emerge. This study tests whether poor mental health indexed by emotional and behavioral 

problems in early childhood predicts changes in cardiometabolic dysregulation over 4 years of 

follow-up. 

 

Methods: Data are from 4,327 participants in the ongoing Generation R Study, a Dutch birth 

cohort initiated in 2005. Child emotional and behavioral problems were reported by mothers 

using the Child Behavior Checklist at age 5 years, while repeated measurements of 6 

cardiometabolic parameters were collected at ages 5 and 9 years. To capture the continuum of 

children’s biological functioning, standardized measures of high-density lipoprotein cholesterol 

(HDL-C), non-HDL-C, systolic and diastolic blood pressure, C-reactive protein, and body mass 

index were used to create continuous cardiometabolic dysregulation scores at ages 5 and 9 years. 

Changes in dysregulation were defined as the difference in sum scores at each age, with positive 

values indicating increases over time. 

 

We tested baseline associations as well as prospective associations with change in 

cardiometabolic dysregulation scores using linear regression, sequentially adjusting for 

sociodemographic confounders and health-related factors. Sensitivity analyses were additionally 

conducted to examine whether prospective relationships were robust to adjustment for baseline 

levels of dysregulation.  
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Results: Cross-sectional associations between child emotional and behavioral problems and 

cardiometabolic dysregulation at age 5 years were small and not statistically significant. In fully 

adjusted prospective analyses, higher levels of emotional and behavioral problems predicted 

increases in cardiometabolic dysregulation (ß=0.14, 95% Confidence Interval (CI)=0.02, 0.25). 

Associations were slightly attenuated after baseline adjustment, but largely consistent with fully 

adjusted results (ß=0.11, 95% CI=0.01, 0.21).  

 

Conclusions: Worse child mental health was associated with increases in cardiometabolic 

dysregulation later in childhood. These findings provide evidence that mental health early in life 

may be informative about future cardiometabolic functioning. To our knowledge, this is the first 

study to demonstrate that adverse physiologic effects of psychological distress identified in adult 

populations may be observed as early as childhood. 
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INTRODUCTION 

 
A growing body of research indicates that children’s social environments and emotional 

experiences can influence their risk of experiencing chronic disease in adulthood.51 While 

numerous studies find early adversity predicts greater likelihood of developing heart disease,52 

considerably less work has examined the longitudinal impact of children’s psychological well-

being on this outcome. Some evidence suggests that psychological distress (e.g., anger, anxiety, 

and depression) predicts an increased risk for poor cardiometabolic health among adults,13,53-57 

but it is unclear whether early distress may predict altered cardiometabolic functioning prior to 

adulthood. Determining how early in life children’s mental health begins to influence their 

cardiometabolic health will allow researchers to identify new developmental windows for 

chronic disease prevention.58 Therefore, the goal of this study is to test whether poor mental 

health at age 5 years predicts increases in cardiometabolic dysregulation from ages 5 to 9 years.  

To date, only two studies have prospectively examined the impact of children’s 

psychological well-being on their cardiometabolic functioning in adulthood.59,12 In 2013, 

Appleton and colleagues found that emotional distress assessed by psychologists at age 7 years 

predicted a 17%-31% greater risk of developing cardiovascular disease at midlife.12 More 

recently, a study of 6,714 children in the British Birth Cohort found that those who exhibited 

childhood psychological distress at ages 7, 11, or 16 years had significantly higher levels of 

cardiometabolic risk measured using a composite of 9 markers of immune, cardiovascular, and 

metabolic function when participants were aged 45 years.13 In both studies, investigators 

accounted for childhood health conditions and body mass index in their analyses, but since 

neither study directly measured markers of cardiometabolic function in childhood, they were 

unable to assess when biological alterations in relevant parameters might begin to manifest. 
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In this study, we use repeated measures of cardiometabolic functioning from the ongoing 

Generation R birth cohort in the Netherlands to investigate whether associations between child 

mental health and subsequent levels of cardiometabolic dysregulation may be evident in the first 

decade of life. Child mental health was indexed by emotional and behavioral problems reported 

by mothers when children were 5 years old, while cardiometabolic dysregulation was assessed 

using direct measures of cholesterol, blood pressure, inflammation, and adiposity collected when 

children were aged 5 and 9 years. Analyses controlled for sociodemographic factors as well as 

relevant maternal correlates of child health (e.g., adiposity prior to pregnancy) and child health 

factors (e.g., low birthweight, asthma diagnosis) identified in previous literature.13 Informed by 

work examining outcomes among adults,13 we hypothesized that poor mental health would 

predict increases in cardiometabolic dysregulation over time even at this relatively young age.  

 

METHODS 

Sample  

Participants are from the Generation R Study, an on-going population-based birth cohort 

from Rotterdam, The Netherlands.60,61 Between April 2002 and January 2006, 9,778 pregnant 

women were recruited into the study (61% participation rate), and their children have been 

followed from fetal life through childhood to assess early determinants of health and 

development.62 Data on participating children were collected through blood draws and physical 

examinations completed during clinic visits at ages 5 and 9 years, as well as through 

questionnaires administered periodically to mothers. Generation R was approved by the Medical 

Ethical Committee of the Erasmus Medical Center, Rotterdam, and written informed parental 

consent was obtained for all participants.  
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At age 5 years, parents of 8,305 children provided consent for their child’s continued 

participation in the study. Among those who consented, 6,690 attended the 5-year (Focus@5) 

clinical visit. The total eligible sample for the present study was comprised of 6,532 children 

who did not have an acute infection at the 5- or 9-year (Focus@9) clinic visit (indicated by a C-

reactive protein [CRP] level >10 mg/L). A flowchart depicting the sample composition over the 

study period is provided in Figure 2.1. Eligible participants were excluded from our study if they 

were missing mental health data at baseline or the majority of our six cardiometabolic measures 

of interest at either age 5 or 9 years, yielding a final analytic sample of 4,327 children.  

 

 

Figure 2.1: Flow chart of Generation R participants in the final 
analytic sample. 
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Measures 

Cardiometabolic Functioning. In order to examine both broad changes in risk factor 

clustering and incremental changes in physiologic function, we used two different composite 

cardiometabolic measures. Ordinal scores indicating clustered dysregulation on multiple 

cardiometabolic parameters at ages 5 and 9 years were created using direct assessments of non-

fasting high-density lipoprotein cholesterol [HDL] (mmol/L), non-fasting non-high-density 

lipoprotein cholesterol [nHDL] (total cholesterol – HDL; mmol/L), systolic blood pressure 

[SBP] (mm Hg), diastolic blood pressure [DBP] (mm Hg), CRP (mg/L), and body mass index 

[BMI] (kg/m2). Following research on physiologic dysregulation,11 continuous values of 

individual parameters were first dichotomized to indicate whether a child’s measurement was in 

the unhealthiest quintile of the sample distribution (e.g., ≥80th percentile for nHDL, SBP, DBP, 

CRP, and BMI; ≤20th percentile for HDL), then summed to create a count score ranging from 0 

to 6, with higher values indicating more dysregulated parameters. At ages 5 and 9 years, children 

who were dysregulated on ≤1 parameter were classified as being in optimal (versus sub-optimal) 

health. We then classified children into 4 categories based on the change in clustered 

cardiometabolic dysregulation they underwent over the study period: (1) maintained optimal 

health; (2) health improved; (3) health declined; and (4) maintained sub-optimal health.    

To capture more information on the precise degree of physiologic change children 

experienced over time, we also constructed continuous cardiometabolic dysregulation scores. 

Following prior pediatric research,40 standardized values of the six measures described 

previously were used to create a cardiometabolic dysregulation sum score at ages 5 and 9, 

respectively: -1*z(HDL) + z(nHDL) + z(SBP) + z(DBP) + z(CRP) + z(BMI). Change in 

dysregulation was defined as the difference in scores between ages 5 and 9 (mean=-0.040, 
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SD=2.9, range=-10.4, 15.7), with positive values indicating increases in dysregulation over time. 

Data for each parameter was collected on-site following standard study protocols (see 

Appendix).  

Child Mental Health. Children’s emotional and behavioral problems were assessed 

through maternal report at age 5 years using the 99-item Child Behavior Checklist (CBCL/1.5-

5).63 Mothers indicated whether their child displayed a range of behaviors in the prior 6 months, 

rating each on a 3-point Likert scale ranging from 0 (“not true”) to 2 (“very true or often true”). 

Items were summed to generate a problem behavior score with higher values indicating poorer 

mental health. Prior work has shown that the CBCL is both valid and reliable for use in the 

Netherlands,64-66 and the Cronbach’s alpha for the problem behavior score indicated excellent 

internal consistency reliability in this sample (α=0.94). Standardized scores were used as the 

primary exposure variable in all analyses, however a binary measure was also created identifying 

children with borderline high levels of problem behaviors, following criteria defined in the 

CBCL manual.67 If more than 25% of individual items had incomplete responses, the overall 

measure was classified as missing. For those who were missing ≤25% of items, scores were 

weighted to account for missingness. 

Covariates. Information on covariates was collected through maternal questionnaires 

administered during pregnancy and when the child was 3 years old. Sociodemographic 

covariates included the child’s age at baseline (months), sex (male/female), ethnicity 

(Dutch/non-Dutch), maternal education (secondary school or lower/university or higher), and 

monthly family income reported at age 3 (<€2,000, €2,000-€3,999, ≥€4,000). Additional 

maternal covariates included maternal age at the child’s birth (years), and self-reported BMI 

prior to pregnancy (overweight or obese/healthy). Maternal mental health was also examined as a 
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predictor of study non-response. Past week depressive symptoms were assessed at mid-

pregnancy using the 6-item depression subscale of the Brief Symptom Inventory (BSI).68 Total 

scores ranging from 0 to 4.0 were created following the BSI manual,69 and mothers were 

classified as experiencing depression (yes/no) if they scored above the clinical threshold of 

0.80.69 Finally, newborn and child-level covariates identified in prior literature as predictive of 

future cardiometabolic health included being born with a low birthweight (<2,500 g), being born 

preterm (<37 week gestation), and having a history of asthma.13,70 

 

Statistical Analyses  

Missing Data.  We examined differences in the distribution of study covariates among 

participants who were included in our analytic sample and those who were excluded due to 

missing exposure or outcome data using χ2 tests. To minimize the possibility of selection bias, we 

used a combination of multiple imputation (MI)15 and inverse probability weighting (IPW)14 to 

account for missing data. In the total eligible sample (n=6,532), missing child problem behavior 

data at age 5 years, cardiometabolic parameters at ages 5 years and 9 years, and covariate data 

were multiply imputed in 85 datasets using chained equations.16 Imputed data were then used to 

generate weights reflecting participants’ inverse probability of meeting the study inclusion 

criteria. All regression analyses were weighted and conducted only among participants in the 

final analytic sample (n=4,327). 

Primary Analyses. First, we carried out exploratory analyses examining bivariate 

associations between high levels of child problem behaviors and study covariates using χ2 tests. 

We also assessed whether mean standardized levels of problem behaviors differed across 

children in our 4-category measure of change in clustered cardiometabolic dysregulation using 
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ANOVA. Post-hoc pairwise comparisons of group means were conducted using a Tukey-Kramer 

adjustment.71   

Next, we examined associations with continuous levels of cardiometabolic dysregulation 

using sequentially adjusted multivariable linear regression models. Cross-sectional analyses were 

carried out at baseline to determine if problem behaviors were associated with children’s health 

at 5 years of age, followed by prospective analyses with cardiometabolic dysregulation change 

scores to examine longitudinal associations. Model 1 was unadjusted, while Model 2 controlled 

for sociodemographic factors and maternal characteristics (sex, ethnicity, monthly family 

income, maternal age at birth, and maternal overweight or obesity). Since family income was 

strongly correlated with maternal education, income was used as the primary socioeconomic 

status control variable in our models due to its greater variability in the sample. Model 3 

additionally controlled for newborn and child-level correlates of cardiometabolic health 

(birthweight, gestational age at birth, and history of asthma). To determine if children’s health at 

baseline influenced our prospective findings, we conducted a sensitivity analysis examining 

whether longitudinal associations with cardiometabolic dysregulation change scores were robust 

to further adjustment for cardiometabolic dysregulation at age 5 years. Differences by sex or 

ethnicity were also examined by introducing an interaction term and by stratification. Lastly, six 

different models were run with change scores in standardized levels of individual 

cardiometabolic parameters as separate outcomes to determine whether associations were driven 

by specific health factors.  

Since some children had siblings in the study, all regression models used a clustered 

sandwich estimator to calculate standard errors that accounted for potential non-independence 
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among study participants.72 All analyses were conducted using Stata MP v.15.1, and statistical 

significance was identified as a 2-tailed p-value ≤0.05. 

 

RESULTS  

Sample Description. On average, participants were 6.1 years old (SD=0.4) at baseline 

and 9.8 years old (SD=0.3) at follow-up. Approximately half of participants were female, 36.2% 

were non-Dutch, and 59.7% had a mother with a university level education or higher (see Table 

2.1). Compared to those who were excluded due to missing data, study participants were slightly 

younger at baseline, more likely to be Dutch and socioeconomically advantaged, and less likely 

to have a mother with a history of depression (see Supplemental Table S2.1). A detailed 

description of the distribution of missing data in our sample is provided in the Appendix.  

At age 5 years, approximately 6.8% of children experienced high levels of problem 

behaviors. Compared to those with fewer problem behaviors, children with high levels were 

more likely to be male, non-Dutch, socioeconomically disadvantaged, and to have a mother who 

was overweight or obese prior to pregnancy (see Table 2.1). With respect to cardiometabolic 

functioning, 32.4% of participants maintained optimal health from early to middle childhood, 

32.1% experienced health improvements over time, 28.4% experienced declines, and 7.1% 

experienced persistent sub-optimal health throughout the study period. 
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Table 2.1: Descriptive statistics of Generation R sample, by child problem behaviors. a 

 
Total 

Sample 

 Child Problem Behaviors  

  Low High  

 n (%)  n (%) n (%) p-value b 

Total Sample 4,327 (100.0)  4,035 (100.0) 292 (100.0) -- 
Sociodemographic Factors      
     Sex      
          Female 2,166 (50.1)  2,053 (50.9) 113 (38.7) <0.001 
          Male 2,161 (49.9)  1,982 (49.1) 179 (61.3)  
     Ethnicity      
          Dutch 2,761 (63.9)  2,629 (65.2) 132 (45.2) <0.001 
          Non-Dutch 1,563 (36.2)  1,403 (34.8) 160 (54.8)  
     Maternal Education      
          Secondary or Lower 1,742 (40.3)  1,568 (38.9) 174 (59.6) <0.001 
          University or Higher 2,579 (59.7)  2,461 (61.1) 118 (40.4)  
     Monthly Family Income at 5y      
          More than €4,000  1,499 (35.7)   1,446 (36.9) 53 (38.9) <0.001 
          €2,000-€3,999 1,828 (43.5)  1,710 (43.6) 118 (42.1)  
          Less than €2,000 871 (20.8)  762 (19.5) 109 (18.9)  
Maternal Characteristics      
     Maternal Age at Child’s Birth      
          35 Years or Older 1,058 (24.5)  995 (24.7) 63 (21.6) 0.2 
          Younger than 35 Years 3,269 (75.6)  3,040 (75.3) 229 (78.4)  
     Pre-Pregnancy BMI       
          Overweight or Obese (i.e., ≥25) 817 (24.9)  747 (24.3) 70 (33.3) 0.003 
          Healthy (i.e., <25) 2,466 (75.1)  2,326 (75.7) 140 (66.7)  
Child Health Factors      
    Birthweight      
         Less than 2,500 g 237 (5.5)  221 (5.5) 16 (5.5) 0.9 
         2,500 g or More 4,090 (94.5)  3,814 (94.5) 276 (94.5)  
    Gestational Age at Birth      
         < 37 Weeks 257 (5.9)  238 (5.9) 19 (6.5) 0.7 
         ≥ 37 Weeks  4,070 (94.1)  3,797 (94.1) 273 (93.5)  
    History of Asthma      
         Yes 250 (7.0)  230 (6.9) 20 (9.1) 0.2 
         No 3,304 (93.0)  3,105 (93.1) 199 (90.9)  
a n’s may vary due to missing data. 
b Calculated using χ2 test 
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Child Mental Health and Cardiometabolic Dysregulation. Figure 2.2 illustrates 

differences in mean standardized behavior problem scores by child health profiles (F=3.6, 

p=0.01). Children in persistently sub-optimal health had the highest levels of behavior problems 

(mean=0.087, SD=1.0), followed by those whose health declined (mean=0.052, SD=1.1). 

Pairwise comparisons found evidence of two differences that nearly reached statistical 

significance. Children whose health declined had a 0.14-standard deviation higher problem 

behavior score compared to both those who maintained optimal health (t=2.5; p=0.06) and those 

whose health improved (t=2.5; p=0.06). 

 
Figure 2.2: Mean standardized problem behavior scores by categories 
of change in cardiometabolic health from age 5 to 9 years. a 

 

 
 

        Cardiometabolic Health Profiles Over the Study Period 
 

Cross-sectional analyses at baseline found no evidence of an association between child 

problem behaviors and cardiometabolic dysregulation in unadjusted (ß=0.01, 95% CI=-0.09, 

0.12) or fully adjusted models (ß=-0.06, 95% CI=-0.16, 0.05). Results from prospective analyses 

are provided in Table 2.2.
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  Table 2.2: Sequentially adjusted associations betw
een problem

 behaviors at age 5 years and w
ithin-person change in cardiom

etabolic 
dysregulation from

 age 5 to 9 years (N
=4,327).  a,b  
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     H
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 of six Z-scored 
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issing data w
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Prospective associations were consistent across models, but somewhat attenuated with increasing 

adjustment. After controlling for all study covariates, each standard deviation increase in child 

problem behaviors predicted a 0.14-unit increase in cardiometabolic dysregulation over time 

(95% CI=0.02, 0.25, p=0.02). This association was robust to adjustment for baseline levels of 

dysregulation (ß=0.11, 95% CI=0.01, 0.21, p=0.03).  

There was no evidence of sex differences. With respect to ethnicity, the interaction term 

was not statistically significant, but stratified results hinted at a stronger association for children 

of non-Dutch ethnicities (ß=0.16, 95% CI=0.00, 0.31, p=0.05) than for native Dutch children 

(ß=0.06, 95% CI=-0.06, 0.19, p=0.3). Sensitivity analyses indicated that higher levels of problem 

behaviors predicted small increases in dysregulation across all cardiometabolic parameters (see 

Supplementary Table S2).  

 

DISCUSSION 

This study found that associations between child mental health and elevated 

cardiometabolic risk previously documented among adults may be observed as early as the first 

decade of life. In a large, population-based cohort of children, we found evidence that 

deterioration in cardiometabolic functioning over time was associated with worse mental health. 

In preliminary analyses, we found that children who experienced increases in clustered 

dysregulation over time tended to have worse mental health at age 5. To quantify more precisely 

the degree of physiologic change children experienced, we examined associations with 

continuous cardiometabolic dysregulation scores. Results indicated that high levels of problem 

behaviors were not associated with cardiometabolic dysregulation at baseline, but predicted 

increases by age 9 years. Although the alterations in children’s cardiometabolic functioning we 
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identified were incremental, they provide evidence that the early childhood period may be a 

developmental window during which emotion-related health deteriorative processes are 

beginning to manifest. In light of prior work linking poor mental health in childhood and adult 

cardiometabolic risk, it is possible that these increases in dysregulation may accrue over decades 

to predispose children to chronic disease in adulthood.12,73,74  

Research on the life course impact of psychological distress provides some insight into 

underlying mechanisms that might explain our findings. Prior studies suggest that poor mental 

health early in life can exert negative impacts on cardiometabolic outcomes through both 

behavioral pathways (e.g., the adoption of risk behaviors) and physiological pathways (e.g., by 

triggering direct biological alterations to stress response systems).7 Since our study was 

conducted in early childhood – before health behaviors like smoking and unhealthy diets are 

fully established – a behavioral pathway may be less probable. However, evidence suggests that 

physical activity in childhood is associated with lower levels of cardiometabolic risk and 

therefore may be a contributing factor.75 Altered biological responses to stress may also play a 

role. Prior work has demonstrated that psychological distress can lead to the over-activation of 

the hypothalamic-pituitary-adrenal axis and sympathetic nervous system, which in turn can affect 

cardiovascular, immune, and metabolic function.76 Over time, persistent over-activation may 

cause biological damage and ultimately disease. In this study, we observed physiological 

alterations in multiple systems over time, with increased dysregulation noted across measures of 

cholesterol, blood pressure, inflammation, and adiposity. Future research should determine 

whether these alterations might track from childhood through adulthood to gain a stronger 

understanding of the mechanisms underlying disease development over the life course. 
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This study has some limitations. Since our findings are based on observational data, 

causality cannot be conclusively ascertained. However, we accounted for many potential 

confounders and health correlates. Furthermore, since biological measurements were directly 

assessed and collected starting in early childhood, we were also able to examine change in 

dysregulation over time, which mitigated the threat of confounding by baseline health. Lastly, 

our study was ethnically diverse but disproportionately comprised of socioeconomically 

advantaged children, all of whom resided in a large, urban center in western Europe, and 

therefore may not be generalizable to other populations in different geographic regions.  

Our findings may have important implications for pediatric care. In a past policy 

statement, the American Academy of Pediatrics argued for incorporating mental health 

competencies more comprehensively into current practice.77 Recommended strategies for 

improving care include screening children for early signs of emotional and behavioral 

difficulties, connecting families with resources to address their children’s behavioral needs, and 

greater coordination of care with mental health specialists.77 More recent evidence suggests that 

integrating mental health services into pediatric practice through collaborative care models may 

be an effective systems-based strategy to reduce the burden of emotional and behavioral 

problems in childhood.78 While these recommendations were initially developed to address 

undiagnosed and sub-clinical mental health disorders among youth, our findings suggest that 

these efforts may also provide the additional benefit of reducing children’s risk of developing 

chronic disease as adults. Researchers should consider examining the longitudinal impact of 

integrated pediatric care on cardiometabolic health as children transition to adulthood to 

determine its effectiveness as a potential strategy for primordial prevention.48  

 



 50 

CONCLUSION 

Although substantial research has investigated emotion-related factors in relation to 

chronic disease risk among adults,49 this is the first study to examine whether emotional factors 

are linked to cardiometabolic changes occurring from early to middle childhood, when lifelong 

health trajectories may be established.14 Using prospective data from a large, population-based 

birth cohort, we found that poor mental health in early childhood predicted increases in 

cardiometabolic dysregulation over a 4-year follow-up period. In light of prior work indicating 

that the biological effects of early psychological distress develop over the life course,13 our 

results indicate that risk accumulation may begin earlier than previously appreciated. Whether 

integrated models of pediatric care can address children’s emotional and behavioral needs, and 

also mitigate the potential for subsequent adverse cardiometabolic effects is a critical issue that 

deserves more attention. 



 51 

APPENDIX 

Cardiometabolic Data Collection Procedures 

Cardiometabolic data was collected at ages 5 and 9 following standard study protocols. 

Measures of total cholesterol and high-density lipoprotein cholesterol were collected from 30-

minute fasting blood samples obtained through antecubital venous puncture and stored for no 

more than 4 hours at 4°C before transport to a lab facility in Rotterdam for analysis using a 

Cobas 8000 analyser. Blood pressure assessments were conducted at the right brachial artery 4 

times in 1-minute intervals using a validated automatic sphygmomanometer. Systolic and 

diastolic blood pressure measurements were calculated as the mean of the last 3 readings 

obtained. C-reactive protein levels were obtained from blood samples analyzed using an 

immunoturbidimetric assay. Body mass index (the ratio of weight [kg] to height squared [m2]) 

was calculated during physical examinations at clinical visits by study staff using weight and 

height measurements obtained without shoes or heavy clothes.  

 

Missing Data 

Roughly 16% of eligible participants were excluded due to missing child problem 

behavior data, while 3.8% were missing data on the majority of cardiometabolic parameters (i.e., 

≥4) at age 5 years and 22% at age 9 years. With respect to study covariates, missingness ranged 

from 0% to 31%, with the highest levels observed with respect to maternal pre-pregnancy BMI 

(26%), maternal depression (27%), and child history of asthma (31%).
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Supplementary Tables 
 
 
Table S2.1: Distribution of study variables comparing participants included in the 
final analytic sample (N=4,327) to those who were excluded due to missing predictor 
or outcome data (N=2,205). a 

 Study Participants  

 Final Sample 
(N=4,327) 

Excluded  
(N=2,205) 

 

 n (%) n (%) p-value b 

Sociodemographic Factors    
     Female  2,166 (50.1) 1,082 (49.1) 0.5 
     Non-Dutch 1,563 (36.2) 1,166 (57.1) <0.001 
     Low Maternal Education 1,742 (40.3) 1,313 (65.9) <0.001 
     Monthly Family Income at 5y    
          Less than €2,000 871 (20.8) 539 (38.4) <0.001 
          €2,000-€3,999 1,828 (43.5) 528 (37.6)  
          More than €4,000 1,499 (35.7) 337 (24.0)  
Maternal Characteristics    
     Advanced Maternal Age  1,058 (24.4) 351 (15.9) <0.001 
     Overweight or Obese Pre-Pregnancy  817 (24.9) 509 (32.2) <0.001 
     Experienced Depression 233 (7.0) 216 (15.1) <0.001 
Child Characteristics    
     Low Birthweight 237 (5.5) 133 (6.0) 0.4 
     Preterm Birth 257 (5.9) 139 (6.3) 0.6 
     History of Asthma 250 (7.0) 78 (8.2) 0.2 
a n’s may vary due to missing data. 
b Calculated using χ2 tests.  
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ABSTRACT 

 

Objective: In societies around the world, increased international migration has contributed to 

heightened perceptions of intergroup threat (social tension characterized by discrimination and 

perceived out-group hostility), yet no research has examined its public health impact. This study 

tested whether high levels of intergroup threat experienced by mothers exerts negative 

intergenerational effects on their children’s mental health. 

 

Methods: Data are from 4,025 mother-child pairs in the Generation R Study, a multi-ethnic 

Dutch birth cohort initiated in 2005. Mothers’ perceptions of intergroup threat were assessed 

during pregnancy. Child mental health was indexed by problem behavior reported by parents and 

teachers using the Child Behavior Checklist. Linear mixed effects models tested longitudinal 

associations with child problem behavior reported by mothers at ages 3, 5, and 9 years, 

considering a range of potential confounders. Sensitivity analyses then examined whether results 

were replicated using child data reported by fathers and teachers. All analyses were stratified by 

ethnic minority status (Dutch vs. non-Dutch). 

 

Results: In standardized, fully adjusted models, higher levels of maternal intergroup threat 

reported during pregnancy predicted more problem behavior pooled across childhood for both 

non-Dutch (B=0.095, 95% CI=0.051, 0.14) and Dutch youth (B=0.13, 95% CI=0.090, 0.16). 

Sensitivity analyses with teacher and father-reported child data largely supported primary 

findings.  
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Conclusion: Adverse intergenerational effects on mental health were observed among children 

whose mothers experienced a strong sense of intergroup threat. Notably, results were comparable 

for Dutch and non-Dutch participants, suggesting ethnically-divisive social contexts can be 

harmful to children regardless of their minority group status.  
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INTRODUCTION  

 
 With the rise of international migration, societies around the world have become more 

diverse and unequal.79 Over the past 20 years, this changing cultural landscape has resulted in 

greater social discord and heightened intergroup threat.80 Intergroup threat is a psychological 

phenomenon in which individuals perceive people outside of their social group (out-group 

members) as hostile to their physical or emotional well-being.81 In conditions of elevated threat, 

contact between members of different groups can be highly stressful and individuals may 

experience a sense of ongoing hypervigilance.82 Considering previous findings documenting the 

negative intergenerational impact of psychosocial stress on children’s psychological well-

being,83 it is plausible that intergroup threat may confer similar mental health risks, yet no 

empirical research has investigated this association. Therefore, our study examines whether 

mothers’ threat perceptions predict more problem behavior in their children over a six-year 

period spanning early to middle childhood. 

Although no prior work has examined intergroup threat from a mental health perspective, 

research on the psychological impact of parent-reported discrimination provides insight into 

plausible associations.84-92 Experiences of discrimination are emotionally and/or physically 

threatening encounters one may face on the basis of their social identity, and therefore can be 

considered a measure of directly experienced threat. Previous research on the intergenerational 

impact of discrimination finds that children whose parents experience high levels tend to have 

poorer mental health than those whose parents experience lower levels.84 Most work in this area 

is cross-sectional,84 however a recent prospective study of 1608 ethnic minority youth in the 

United Kingdom investigated discrimination reported by mothers when their children were 5 

years old in relation to child mental health at age 11 years, and found evidence of a longitudinal 
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association.92 The mechanisms linking parent experiences of discrimination and child mental 

health remain poorly understood, but investigators have hypothesized that the stress associated 

with such encounters may contribute to poor parental mental health and an increased likelihood 

of harsh parenting practices, with lasting impacts on children’s emotional well-being.90-92  

Studies on discrimination provide some evidence of the possible population impact of 

intergroup threat, but also elucidate critical questions. First, since ethnic discrimination is 

predominantly experienced by minority groups and infrequently encountered by those in the 

majority, it is unclear whether it alone captures the full spectrum of intergroup threat perceptions 

in the population. Assessments that address threatening encounters with out-group members (i.e., 

discrimination) as well as perceptions of out-group member attitudes may result in more nuanced 

measures that are salient to both minority and majority populations. Secondly, since previous 

studies of parent-reported discrimination and child mental health are largely cross-sectional,84 

longitudinal research is needed to examine long-term impacts on children. Finally, most prior 

work relies on mothers reporting both their threat exposure and child outcomes, which may bias 

results, particularly among mothers struggling with mental health problems. Controlling for 

maternal psychiatric symptoms and considering associations across multiple informants can 

mitigate reporter bias and provide a stronger evidence base for future intervention.     

 In this study, we examined the longitudinal impact of maternal-reported intergroup threat 

on mental health across three time points in childhood separately among ethnic minority and 

majority group children. Following prior findings on discrimination,84 we hypothesized that high 

levels of maternal-reported intergroup threat would predict worse mental health among minority 

children due to their social group’s poor treatment in society. On the other hand, we expected 

that threat would have less of an impact on majority group children given their privileged status 
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as members of the dominant ethnic group. To test these hypotheses, we used data from the 

Generation R birth cohort in the Netherlands, where there is both a high prevalence of intergroup 

threat93 and striking ethnic disparities in child mental health.94,95 To ensure that our assessment 

of intergroup threat was relevant to both minority and majority group members, we measured it 

with respect to two domains: experiences of ethnic discrimination and perceptions of out-group 

hostility. Following prior research,64,66 child mental health was indexed by observational reports 

of problem behavior. To minimize reporter bias, analyses adjusted for a robust array of mother- 

and child-level covariates,94,95 including maternal depressive symptoms experienced at the time 

mothers were reporting their threat exposure. To our knowledge, this is the first study to 

investigate an intergenerational association between parent-reported intergroup threat and 

repeated measures of children’s mental health in majority and minority group children. 

 

METHODS 

Sample  

Participants are from the Generation R Study, an on-going Dutch birth cohort.60,61 

Between April 2002 and January 2006, 9,778 pregnant women in Rotterdam were recruited into 

the study (61% participation rate), and their children have been followed since fetal life to assess 

early determinants of health and development.62 Data on participating children were collected 

through questionnaires administered periodically to primary caregivers (primarily mothers), their 

partners (primarily fathers), and teachers. Generation R was approved by the Medical Ethical 

Committee of the Erasmus Medical Center, Rotterdam, and written informed parental consent 

was obtained from all participants.  
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A flowchart depicting the sample composition over the study period is provided in Figure 

3.1. At age 3 years, parents of 7,094 children provided consent for their child’s continued 

participation in the study. From this group, we excluded 276 children who did not have maternal 

ethnicity data available and 2,320 children whose mothers did not respond to any intergroup 

threat survey items during pregnancy. This yielded a total eligible sample of 4,498 participants. 

Children who were missing behavioral data at all assessments were then excluded (n=473, 10.5% 

lost to follow-up), resulting in a final analytic sample of 4,025 children.  

 

Figure 3.1: Flow chart of Generation R participants included in the final 
analytic sample. 
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Measures 

 Child Mental Health. Mothers indicated whether their child engaged in a range of 

problem behaviors at ages 3, 5, and 9 years by completing the validated Dutch version of the 

Child Behavior Checklist (CBCL).63,96 Responses were recorded on a 3-point Likert scale 

ranging from 0 (“not true”) to 2 (“very true or often true”). A 99-item version of the instrument 

was administered at ages 3 years (n=3,373) and 5 years (n=3,580),63 while a 118-item instrument 

was administered at age 9 years (n=2,906).96 If more than 25% of individual CBCL items had 

incomplete responses, the overall measure was classified as missing. For those who were missing 

≤25% of items, scores were weighted to account for missingness. In this sample, the instrument’s 

Cronbach’s alpha at each assessment indicated excellent internal consistency reliability (3 years 

α=0.93, 5 years α=0.94, 9 years α=0.94). Since different versions of the CBCL were used at 

different ages, scores were transformed onto a common scale with higher scores denoting more 

problem behavior, then root transformed to approximate a normal distribution. Scores were also 

standardized within ethnic group for the estimation of standardized coefficients in stratified 

analyses. Following prior work, separate subscales scores assessing internalizing behaviors (e.g., 

emotionally reactive, anxious/depressed) and externalizing behaviors (e.g., hyperactivity, 

aggression) were also constructed to examine differences in associations by problem behavior 

subtype.64,66  

Problem behaviors were additionally assessed by fathers and teachers at one time point 

each, using the father-rated CBCL at age 9 years (n=2,221; α=0.89) and teacher-rated CBCL at 

age 7 years (n=2,223; α=0.96). Scores reported by fathers and teachers were standardized within 

ethnic group. 
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Intergroup Threat. In the third trimester of pregnancy, mothers completed a series of 

questions developed specifically for Generation R regarding their experiences living in a 

multicultural society. Intergroup threat was assessed using 4 items for which mothers endorsed 

statements about their experiences ever facing ethnic discrimination (“I have been taunted or 

insulted due to my ethnic background,” “I have been threatened or attacked due to my ethnic 

background”) and their perceptions of hostility from ethnic out-group members (“I do not feel 

accepted by [Dutch people/people of other ethnic groups],” “I feel that [Dutch people/people of 

other ethnic groups] have something against me”). All items were rated on a 5-point Likert scale 

ranging from 0 (“totally disagree”) to 4 (“totally agree”). Since hostility measures were based on 

different items for Dutch and non-Dutch mothers (see Supplementary Table S1), separate threat 

measures were constructed by ethnic minority status. For each group, separate overall intergroup 

threat scores were derived by summing mothers’ responses, yielding total scores that ranged 

from 0 to 16, with higher values indicating perceptions of out-group members as being more 

threatening. Continuous intergroup threat scores were then standardized within ethnic group and 

used as the main exposure in all analyses. A three-category measure indicating no (0), low (1-4), 

and high threat (>5) was also used to examine differences in associations with specific threat 

levels, with cut-points determined by the sample median. For sensitivity analyses, subscale 

measures of ethnic discrimination and perceived out-group hostility were constructed by 

summing mothers’ ratings on the two items corresponding to each domain, then standardizing 

within ethnic group.  

Psychometric analyses of the intergroup threat scale found that it was reliable in this 

sample, with Cronbach’s alpha indicating acceptable internal consistency (non-Dutch α=0.75, 

Dutch α=0.77). Construct validity was assessed by confirmatory factor analysis using iterated 



 63 

principal axis factoring with a promax rotation.97 Results confirmed that the instrument adhered 

to a one-factor structure, which accounted for 68.3% of the variance in responses among non-

Dutch mothers, and 85.7% of the variance in responses among Dutch mothers (non-Dutch 

eigenvalue=1.87; Dutch eigenvalue=2.34). Convergent validity was assessed by examining 

differences in intergroup threat by mothers’ self-reported social network composition, since 

lower levels of intergroup threat are more commonly reported in ethnically diverse social 

networks.98 During pregnancy, mothers were asked how many people they spent leisure time 

with who were Dutch or from other ethnic groups. Responses were reported on a 5-point Likert 

scale ranging from 0 (“none”) to 4 (“many”). As expected, participants who reported spending 

leisure time with many ethnic out-group friends had lower intergroup threat scores compared to 

those who had no ethnic out-group friends (Non-Dutch: 2.08 vs. 3.52, p<0.001; Dutch: 2.56 vs. 

3.05, p<0.001). Divergent validity was assessed by testing associations between threat and the 

likelihood of having a female child, and no significant trends were observed.  

Covariates. Information on covariates was collected through maternal questionnaires 

administered during pregnancy and when the child was 3 years old. Sociodemographic 

covariates included the child’s sex, advanced maternal age at the child’s birth (≥ 35 years), 

maternal education reported during pregnancy (secondary school or lower/university or higher), 

and monthly family income reported at age 3 (less than €2,000, €2,000-€3,999, more than 

€4,000). Additional maternal covariates included ethnicity (Dutch, Caribbean, Turkish or 

Moroccan, African, Asian, other European, or other), native language (Dutch/non-Dutch), and 

generational status (first generation Dutch/second generation Dutch or later). Finally, maternal 

mental health was assessed at mid-pregnancy using the 6-item depression subscale of the Brief 

Symptom Inventory (BSI).68 Mothers reported depressive symptoms experienced in the past 
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week (e.g., feeling suicidal, lonely, and worthless), and total scores ranging from 0 to 4.0 were 

created following the BSI manual,69 and were classified as experiencing depression (yes/no) if 

they scored above the clinical threshold of 0.80.69 

 

Statistical Analyses 

Missing Data. A series of non-response analyses were conducted to examine predictors 

of missingness on intergroup threat survey items using χ2 tests. First, the distribution of study 

covariates among mothers who did not respond to any items (n=2,320) were compared to those 

with complete or partial responses (n=4,498). Next, analyses were conducted only in the total 

eligible sample to compare mothers with partial threat data (n=465) to those with complete data 

(n=3,560). Missing intergroup threat items as well as missing data on study covariates were 

multiply imputed in 50 datasets using chained equations.99,100  

Primary Analyses. Differences in mean intergroup threat scores by study covariates were 

tested using ANOVA. Longitudinal analyses were then conducted using linear mixed effects 

models with random intercepts. First, we examined secular time trends (denoted by ß) to quantify 

within-individual change in raw problem behavior scores over time. We then used sequentially 

adjusted models to evaluate standardized associations (denoted by B) between intergroup threat 

scores reported during pregnancy and child problem behavior averaged across all time points in 

the follow-up period. Minimally adjusted models controlled for sex and ethnicity only, followed 

by fully adjusted models, which controlled for all study covariates (i.e., mother’s ethnicity, 

child’s sex, advanced maternal age at child’s birth, maternal education, monthly family income 

at age 3 years, maternal depression during pregnancy, mother’s native language, and mother’s 

generational status). Finally, we considered trajectories in CBCL scores by continuous levels of 
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threat and introduced an interaction term with time to formally test whether threat was associated 

with changes in problem behavior over the study period. Repeated measures were modelled 

using an autoregressive variance-covariance structure,101 and all longitudinal models utilized 

restricted maximum likelihood estimators.102  

The main exposure in all analyses were continuous standardized intergroup threat scores, 

however, we also assessed potential discontinuity of effects by testing associations with 

categorized threat levels (none, low, high). In supplementary analyses, internalizing and 

externalizing subscales were examined as separate outcomes to examine potential differences in 

associations by child behavior domains. Additional analyses were also conducted with domain-

specific measures of threat as separate exposures to determine whether observed relationships 

might be driven more strongly by ethnic discrimination or perceived out-group hostility. Since 

our exposure measure was constructed using different survey items for non-Dutch and Dutch 

participants, all analyses were stratified by ethnic minority status.  

Sensitivity Analyses. To test the robustness of our findings, we also investigated maternal 

reported threat levels in relation to problem behavior rated by different informants. Since 

repeated measures were not available from all informants, linear regression analyses were used 

to compare associations between threat levels and standardized child problem behavior reported 

by participants’ mothers at age 9 years versus by fathers at age 9 years versus by teachers at age 

7 years. All analyses were conducted in Stata MP v.15.1.  

 

RESULTS  

Sample Characteristics 
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The ethnic composition of the sample reflected the diversity of Rotterdam’s population, 

with 39.9% participants reporting non-Dutch ethnicity. Among non-Dutch participants, the 

largest proportion of minorities were of Turkish or Moroccan descent (25.9%) followed by 

Caribbean (22.3%) and other European (21.8%). Mothers included in the study were more likely 

to be Dutch, socioeconomically disadvantaged, and younger at the time of their child’s birth than 

those who were excluded due to missing data. A detailed description of trends in missing data is 

provided in the Appendix.  

Table 3.1 describes the non-Dutch and Dutch subsamples, which reflected quite different 

socioeconomic profiles. Among non-Dutch participants, 61% had a mother who received a 

secondary school level education or lower (compared to 32.6% of Dutch), 29% reported a 

monthly family income of less than €2,000 (compared to 12.5% of Dutch), and 12.5% had 

mothers who met criteria for depression during pregnancy (compared to 4.2% of Dutch). Only 

one third of ethnic minority mothers reported speaking Dutch as their native language, and 

nearly two-thirds were first generation citizens of the Netherlands.  

 

Correlates of Intergroup Threat  

Mean intergroup threat scores by study covariates are provided in Table 3.2. There was 

substantial variation in reported threat by ethnicity, with Turkish or Moroccan mothers 

perceiving the highest levels (mean=3.48), followed by Dutch (mean=2.71), and Caribbean 

mothers (mean=2.69). However, when ethnic groups were combined to examine mean levels of 

threat by minority status, a larger proportion of non-Dutch mothers reported perceiving no 

intergroup threat (47.7%) compared to Dutch mothers (35.7%).  For non-Dutch mothers, 

speaking a non-Dutch native language and being a first-generation Dutch citizen predicted higher 



 67 

levels of threat, while low levels of education and income, and experiencing depressive 

symptoms during pregnancy were all associated with higher threat levels for both non-Dutch and 

Dutch participants.  

 
 
Table 3.1: Sample description, stratified by ethnic minority status. a   
 Non-Dutch 

(N=1,607)  
 Dutch 

(N=2,418) 
 n (%)  n (%) 

Mother’s Ethnicity    
     Dutch --  2,418 (100.0) 
     Caribbean  358 (22.3)  -- 
     Turkish or Moroccan 416 (25.9)  -- 
     African 164 (10.2)  -- 
     Asian 251 (15.6)  -- 
     Other European 351 (21.8)  -- 
     Other  67 (4.2)  -- 
Female 817 (50.8)  1,183 (48.9) 
Advanced Maternal Age at Child’s Birth  296 (18.4)  586 (24.2) 
Maternal Education    
     Secondary or Lower 942 (61.1)  779 (32.6) 
     University or Higher 600 (38.9)  1,610 (67.4) 
Monthly Family Income at 3y    
     Less than €2,000 455 (39.4)  257 (12.5) 
     €2,000-€3,999 497 (43.1)  1,012 (49.1) 
     More than €4,000 202 (17.5)  793 (38.5) 
Maternal Depression in Pregnancy 175 (12.5)  93 (4.2)  
First Generation Dutch Mother 989 (63.5)  44 (1.8) 
Dutch Native Language  442 (33.6)   2,187 (99.8) 
a n’s may vary due to missing data. 
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Table 3.2: Distribution of maternal intergroup threat level by study covariates.  
 Intergroup Threat Scores 
 Non-Dutch  

(N=1,607) 
 

 Dutch 
(N=2,418) 

 Mean (SD) p-value a  Mean (SD) p-value a 

Mother’s Ethnicity      
     Dutch -- --  2.71 (2.9) -- 
     Caribbean  2.69 (3.2)   --  
     Turkish or Moroccan 3.48 (3.5)   --  
     African 2.44 (3.3)   --  
     Asian 2.00 (3.1)   --  
     Other European 1.49 (2.6)   --  
     Other  1.52 (3.1)   --  
Child’s Gender      
     Female 2.48 (3.2) 0.8  2.70 (2.9) 0.9 
     Male 2.43 (3.2)   2.71 (2.9)  
Advanced Maternal Age at Child’s Birth      
      35 Years or Older 2.52 (3.3) 0.1  2.74 (2.9) 0.4 
      Younger than 35 Years 2.17 (3.1)   2.60 (2.9)  
Maternal Education      
     Secondary or Lower 2.82 (3.3) <0.001  3.27 (3.3) <0.001 
     University or Higher 1.85 (3.0)   2.45 (2.7)  
Monthly Family Income at 3y      
     Less than €2,000 3.12 (3.3) <0.001  3.38 (3.1) <0.001 
     €2,000-€3,999 1.98 (2.9)   2.74 (2.9)  
     More than €4,000 1.05 (2.1)   2.30 (2.6)  
Maternal Depression in Pregnancy      
     No 2.26 (3.2) <0.001  2.67 (2.9) <0.001 
     Yes 3.63 (3.5)   3.82 (3.2)  
Mother’s Generational Status      
     Second Generation Dutch or Later      1.92 (3.0) <0.001  2.71 (2.9) 0.2 
     First Generation Dutch 2.76 (3.3)   2.03 (2.6)  
Mother’s Native Language       
     Non-Dutch 2.84 (3.4) <0.001  2.68 (2.6) 0.8 
     Dutch 1.62 (2.9)   2.40 (2.9)  
a Calculated using ANOVA. 
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When intergroup threat was disaggregated into ethnic discrimination and perceived out-

group hostility, a somewhat different picture emerged. A greater proportion of Dutch mothers 

reported experiencing no discrimination compared non-Dutch mothers (86.9% vs. 71.1%; 

p<0.001). However, this trend was reversed with respect to perceived out-group hostility, as 

fewer non-Dutch mothers reported perceiving no hostility compared to Dutch mothers (54.4% 

vs. 34.4%; p<0.001). Socioeconomic disadvantage also predicted higher levels of ethnic 

discrimination and perceived out-group hostility, mirroring trends observed with intergroup 

threat broadly.  

 

The Longitudinal Impact of Intergroup Threat on Child Mental Health 

In the total sample, child problem behavior significantly decreased over time after 

minimally adjusting for sex and ethnicity (β=-0.013, 95% CI=-0.014, -0.012). When analyses 

were stratified by ethnic minority status, problem behavior decreased at a faster rate for non-

Dutch (β=-0.021, 95% CI=-0.023, -0.019) than Dutch children (β=-0.0096, 95% CI=-0.011, -

0.0085). A formal test showed that this difference by ethnic minority status was statistically 

significant (β of interaction=-0.011, 95% CI=-0.013, -0.0091). 

Intergroup threat was positively associated with more child problem behavior pooled 

across the six-year follow-up period for both non-Dutch (B=0.12, 95% CI=0.078, 0.16, p<0.001) 

and Dutch (B=0.15, 95% CI=0.11, 0.19, p<0.001) children in analyses adjusted for sex and 

ethnicity. This association was only slightly attenuated after additionally adjusting for study 

covariates (non-Dutch B=0.095, 95% CI=0.051, 0.14, p<0.001; Dutch B=0.13, 95% CI=0.090, 

0.16, p<0.001). Table 3.3 provides the results of fully adjusted stratified models testing the 

association between categorical levels of intergroup threat and standardized problem behaviors.  
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Table 3.3: Standardized, fully adjusted longitudinal associations betw
een levels of m

aternal intergroup threat and child problem
 

behavior standardized scores pooled across the follow
-up period, stratified by ethnic m

inority status. a, b 
 

N
on-D

utch 
(N

=1,607)  
D

utch 
(N

=2,418) 

 
β (95%

 CI) 
p-value 

 
β (95%

 CI) 
p-value 

Intergroup Threat 
 

 
 

 
 

     N
o Threat 

R
eference 

-- 
 

R
eference 

-- 
     Low

 Threat 
0.19 (0.078, 0.29) 

0.001 
 

0.16 (0.070, 0.24) 
<0.001 

     H
igh Threat 

0.24 (0.13, 0.34) 
<0.001 

 
0.27 (0.18, 0.35) 

<0.001 
Tim

e  
-0.0042 (-0.015, 0.0070) 

0.5 
 

0.0018 (-0.0053, 0.0089) 
0.6 

M
ale  

-0.20 (-0.28, -0.11) 
<0.001 

 
-0.16 (-0.23, -0.096) 

<0.001 
M

other’s Ethnicity 
 

 
 

 
 

     C
aribbean  

R
eference 

-- 
 

-- 
-- 

     Turkish or M
oroccan 

-0.11 (-0.24, 0.014) 
0.08 

 
 

 
     A

frican 
0.14 (-0.019, 0.30) 

0.08 
 

 
 

     A
sian 

0.11 (-0.031, 0.25) 
0.1 

 
 

 
     O

ther European 
-0.080 (-0.21, 0.053) 

0.2 
 

 
 

     O
ther  

-0.060 (-0.28, 0.16) 
0.6 

 
 

 
A

dvanced M
aternal A

ge at C
hild’s Birth  

-0.13 (-0.24, -0.023) 
0.02 

 
-0.066 (-0.15, 0.013) 

0.1 
M

aternal Secondary Level Education or Low
er 

0.037 (-0.069, 0.14) 
0.5 

 
0.11 (0.31, 0.19) 

0.007 
M

onthly Fam
ily Incom

e at 3y 
 

 
 

 
 

     M
ore than €4,000 

R
eference 

-- 
 

R
eference 

-- 
     €2,000-€3,999 

0.15 (0.016, 0.29) 
0.03 

 
0.13 (0.045, 0.21) 

0.002 
     Less than €2,000 

0.26 (0.092, 0.42) 
0.002 

 
0.26 (0.13, 0.40) 

<0.001 
D

epression in Pregnancy 
0.29 (0.14, 0.43) 

<0.001 
 

0.60 (0.41, 0.79) 
<0.001 

First G
eneration D

utch M
other 

-0.054 (-0.017, 0.060) 
0.4 

 
0.25 (-0.018, 0.51) 

0.07 
D

utch N
ative Language 

0.011 (-0.12, 0.14) 
0.9 

 
-0.16 (-0.68, 0.35) 

0.5 

a Estim
ates based on linear m

ixed effects m
odels using restricted m

axim
um

 likelihood estim
ators w

ith an autoregressive variance-
covariance structure, and p-values w

ere calculated using t-tests. 
b C

hild problem
 behavior scores w

ere standardized w
ithin ethnic group at each tim

e point over the follow
-up period. 
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Associations were similar for both groups and indicated a linear trend. To put the magnitude of 

the observed association into perspective, the impact of high versus low levels of intergroup 

threat on child behavior problems was on par with the impact of having a low versus high family 

income (see Table 3.3). Figure 3.2 illustrates trends across childhood comparing participants 

whose mothers experienced no intergroup threat to those who experienced low and high levels of 

threat. For all children, regardless of ethnic minority status, higher threat levels were associated 

with more problem behavior at every time point.  

 

Figure 3.2: Raw child emotional and behavioral problem scores over the follow-up 
period by levels of maternal intergroup threat among non-Dutch (N=700) and Dutch 
(N=1,383) participants. 
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Among non-Dutch participants, the rate of decline in problem behavior did not vary by level of 

threat. In contrast, the rate of decline for Dutch participants whose mothers reported no threat 

(β=-0.012, 95% CI=-0.014, -0.0096) was larger than those whose mothers reported low threat 

(β=-0.0097, 95% CI=-0.012, -0.0074) and high threat (β=-0.0082, 95% CI=-0.010, -0.0060). 

Formal tests of the association between continuous intergroup threat and the rate of decline were 

significant for Dutch participants only (time interaction β=0.0011; p=0.05). When considering 

internalizing and externalizing behaviors as separate outcomes in fully adjusted models, 

associations largely mirrored findings with total problem behaviors (See Supplementary Table 

S2).  

 

Sensitivity Analyses by Domains of Threat  

Continuous levels of threat sub-types were each associated with more problem behavior 

pooled across childhood for all study participants, regardless of ethnic minority status. Among 

non-Dutch participants, maternal perceptions of ethnic discrimination (B=0.10, 95% CI=0.058, 

0.14, p<0.001) appeared somewhat more strongly associated with problem behavior than 

perceived out-group hostility (B=0.061, 95% CI=0.016, 0.11, p=0.008). In contrast, for Dutch 

participants, the magnitude of effect for perceived hostility was somewhat greater (B=0.12, 95% 

CI=0.083, 0.15, p<0.001) than ethnic discrimination (B=0.077, 95% CI=0.041, 0.11, p<0.001).  

 

Prospective Analyses Across Multiple Informants 

 Results from prospective analyses using child behavior data reported by different 

informants are provided in Supplementary Table S3. Among non-Dutch participants, a 

statistically significant association between intergroup threat and child problem behavior was 



 73 

observed only with maternal-reported behavior, but associations with paternal- and teacher-rated 

behavior were in the expected directions. Among Dutch participants, statistically significant 

associations were observed with both maternal-reported and teacher-reported behavior, and the 

association with paternal-rated problems was in the same direction.   

 

DISCUSSION 

Numerous studies have identified factors in children’s immediate social environments 

that confer elevated psychiatric risk,103-106 but less research has focused on the impact of more 

structural exposures like intergroup threat. Although children who persistently face threats to 

their physical well-being tend to experience higher rates of anxiety and adjustment problems,107 

no studies have investigated threat from an intergroup and intergenerational perspective. In a 

large, diverse, community-based sample, we found that higher levels of threat reported by 

mothers during pregnancy were associated with poorer child mental health over a 6-year period. 

Moreover, findings were independent of mother’s experience of depression during pregnancy. 

Although we hypothesized that intergroup threat would be less impactful for the ethnic majority 

population due to their privileged status in society, our results found associations were 

remarkably comparable for non-Dutch and Dutch children, suggesting that threat exerts harmful 

effects regardless of a child’s social standing. This finding is consistent with prior research on 

social inequality among adults, which demonstrates negative psychological effects among both 

higher and lower status populations.108  

In our sample, intergroup threat exposure was moderately common, with over half of 

Dutch and over one third of non-Dutch mothers reporting some form of threat. Higher levels of 

threat were associated with indicators of low socioeconomic status among all participants. 



 74 

Notably, stratified analyses found that the average level of intergroup threat experienced by non-

Dutch mothers was quite similar to the average level reported by Dutch mothers. This result is 

somewhat counterintuitive since the Dutch sub-sample were, on average, more highly educated 

and reported higher levels of family income. Intergroup threat among the Dutch appeared to be 

driven by perceptions of out-group hostility, which were reported by nearly two thirds of 

mothers (compared to 14% who reported experiencing some form of ethnic discrimination). 

Comparisons of threat subtype by ethnic minority status found perceptions of out-group hostility 

were reported more frequently by Dutch mothers, while experiences of discrimination were more 

common among non-Dutch mothers.  

When intergroup threat was examined according to the subdomains of ethnic 

discrimination and perceived out-group hostility, we found that high levels of both forms of 

threat predicted worse mental health, regardless of ethnic minority status. However, there were 

some differences in the strength of observed associations. Although differences were not 

statistically significant, it is interesting to note trends in the findings that may be worth exploring 

in future work, namely that ethnic discrimination tended to have a stronger effect estimate than 

perceived out-group hostility among ethnic minorities, while effect estimates for perceived 

hostility were more sizeable among majority group members. Prior research on racial 

discrimination and health may help explain this apparent difference in the impact of perceived 

hostility.109 While minority and majority groups are both subject to cultural ideologies that 

privilege certain races and ethnicities over others, some evidence suggests that minority 

communities are more likely to respond to such ideologies with empowering counter-narratives 

that may serve as a psychological buffer.109,110 Majority group members, on the other hand, may 

have less capacity to cope with social stressors that threaten their status since their privilege 
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largely shields them from experiencing such adversities in the first place.109,111 Therefore, 

although members of the majority tend to be more socially advantaged than minority group 

members, that may be less well-equipped to handle the psychological stress of intergroup threat.   

Also worth noting is the fact that observed trends in perceived hostility may be due to 

different factors that shape attitudes among ethnic minority populations compared to majority 

populations. Research in social psychology finds that minorities’ perceptions of out-group 

hostility are largely informed by their differential treatment in society and negative public 

sentiment directed towards their social group,112-114 while majority group perceptions are often 

derived from normative prejudicial attitudes towards out-group members.115 This distinction may 

be particularly relevant in the Netherlands, where ethnic discrimination is frequently experienced 

by citizens of non-Dutch ethnicities, and negative attitudes towards ethnic minorities are 

commonly reported by the native Dutch population.116,117 Interestingly, these trends appear to be 

mirrored in our data, as non-Dutch mothers reported higher levels of discrimination than the 

Dutch, while Dutch mothers reported higher levels of perceived out-group hostility than the non-

Dutch.   

When threat was assessed as a categorical measure distinguishing high and low levels 

from no threat exposure, both were comparably associated with more problem behaviors in 

Dutch and non-Dutch children, suggesting that negative impacts on children’s mental health may 

be experienced even when parental exposure is less severe. From a public health perspective, this 

is noteworthy because it suggests that even small shifts in threat at the population level may lead 

to improvements in children’s mental health. Prior work suggests that increased positive contact 

between groups can reduce perceptions of threat,118 and if findings from the present study hold, 

such reductions may also lead to a lower prevalence of child problem behavior. Among youth, 
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positive contact can be promoted through diverse friendship networks, which may be particularly 

influential in reducing perceptions of threat as young people begin to form social relationships 

outside of the home.119  Future research should consider examining the mental health impact of 

socially inclusive policies that facilitate positive contact between diverse groups.  

 This study has some limitations. The measure of intergroup threat was based on items 

derived for Generation R and not previously validated. However, psychometric analyses of data 

within the cohort found that it was reliable and appeared to have convergent and divergent 

validity. Another potential limitation relates to participant non-response since participants who 

were included in our final sample were more likely to be Dutch, and also tended to be more 

socially advantaged than those who were excluded. Although we were unable to account for this 

in our analyses, it is possible that the non-Dutch mothers who remained in our study might 

represent a particularly resilient sub-sample of the overall population, making our findings a 

somewhat conservative estimate of the impact of inter-group threat on non-Dutch children. 

Finally, this study was based on youth in a diverse urban center in western Europe, and therefore 

may not be generalizable to different sociopolitical contexts.  

 This study also has numerous strengths. First, by expanding our focus beyond 

discrimination to also consider the psychological dimension of perceived out-group hostility, we 

were able to measure features of intergroup threat that are as relevant to majority populations as 

they are to minorities. Secondly, prior research on the impact of parent-reported discrimination 

on child mental health is largely cross-sectional,84 but our findings were based on prospective 

analyses of child problem behavior measured at three time points across childhood. Lastly, since 

our study was conducted in a large, multi-ethnic cohort there was a sizeable number of ethnic 
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minority participants included in the sample, which provided sufficient statistical power for 

examining associations of interest.  

 

CONCLUSION 

Despite recent escalations in social tensions observed in multicultural societies around 

the world, no studies have longitudinally investigated the intergenerational impact of intergroup 

threat on children’s mental health. In this study, we found social discord characterized by 

heightened perceptions of threat reported by mothers significantly predicted more problem 

behavior over a 6-year period among both non-Dutch and Dutch youth. Overall associations 

were remarkably similar for both groups, suggesting that divisive social contexts can take a 

psychological toll on ethnic minority children, as well as on those in the dominant majority 

group. Furthermore, associations with child problem behavior were observed even at low levels 

of threat. Future research should consider examining socially inclusive policies and programs as 

potential targets for prevention efforts.
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APPENDIX 

 
Missing Data   

The mothers of roughly one third of mothers (n=2,320) did not respond to any survey 

items on intergroup threat, and were therefore excluded from the total eligible sample. Compared 

to mothers who responded to at least one intergroup threat item (n=4,498), those with incomplete 

data were more likely to be non-Dutch (46.3% vs. 43.2%; p=0.02), to have a secondary school or 

lower level of education (55.4% vs. 45.8%; p<0.001), to report a monthly family income less 

than €2,000 (25.7% vs. 22.3%; p=0.08), and to be over the age of 35 years at the time of their 

child’s birth (23.7% vs. 20.2%; p=0.001). Notably, maternal depression during pregnancy was 

not associated with non-response.   

Although our final analytic sample excluded participants who were missing data on all 

four intergroup threat items, 465 mothers (11.6%) had complete data on less than four items. 

Maternal non-response to individual intergroup threat items was not significantly associated with 

child behavior at follow-up assessments. However, when compared to those with complete 

responses, those who were missing data on intergroup threat items were more likely to be Dutch 

(87.1% vs. 56.5%, p<0.001), report a monthly family income more than €4,000 (34.4% vs. 

30.4%, p=0.002) and be over 35 years of age at the time of the child’s birth (26.5% vs. 21.3%; 

p=0.01).  Mothers with partial threat data were also less likely to experience depression during 

pregnancy (4.3% vs. 7.9%, p=0.01).  

Among participants who were eligible for inclusion in the analytic sample, missing data 

on individual study covariates ranged from 4.4% to 23.4%, with maternal depression and family 

income measures having the highest proportion of missingness (23.4% and 22.3%, respectively). 

With regard to child problem behavior data, 59.3% of the final analytic sample had 
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measurements available at all three assessments, 26.4% had data from two assessments, and 

14.3% had data from only one assessment. In the final analytic sample, only missing intergroup 

threat items and covariate data were multiply imputed following the procedures described 

previously.   
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Supplem
entary T

ables 
 T

able S3.1: Survey item
s used to construct the intergroup threat scale for non-D

utch and D
utch participants.  

 
T

hreat D
om

ain 
N

on-D
utch 

(α=0.75) 
D

utch 
(α=0.77) 

Item
 1 

Perceived out-group hostility 
I do not feel accepted by D

utch people. 
I do not feel accepted by people of other 
ethnic groups. 

Item
 2 

Perceived out-group hostility 
I feel that D

utch people have som
ething 

against m
e. 

I feel that people of other ethnic groups 
have som

ething against m
e. 

Item
 3 

Ethnic discrim
ination 

I have been taunted or insulted due to 
m

y ethnic background. 
I have been taunted or insulted due to m

y 
ethnic background. 

Item
 4 

Ethnic discrim
ination 

I have been threatened or attacked due 
to m

y ethnic background. 
I have been threatened or attacked due to 
m

y ethnic background. 
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 T
able S3.2: Fully adjusted longitudinal associations betw

een m
aternal intergroup threat levels and m

ean standardized 
internalizing and externalizing behavior problem

 scores pooled across the follow
-up period. a,b 

 
N

on-D
utch 

(n=1,607) 

 
z(T

otal B
ehavior Problem

s) 
 

z(Internalizing B
ehavior) 

 
z(E

xternalizing B
ehavior) 

 
β (95%

 C
I) 

p-value 
 

β (95%
 C

I) 
p-value 

 
β (95%

 C
I) 

p-value 

Intergroup Threat 
 

 
 

 
 

 
 

 

     N
o Threat 

R
eference 

-- 
 

R
eference 

-- 
 

R
eference 

-- 
     Low

 Threat 
0.19 (0.078, 0.29) 

0.001 
 

0.17 (0.067, 0.28) 
0.001 

 
0.16 (0.054, 0.27) 

0.003 
     H

igh Threat 
0.24 (0.13, 0.34) 

<0.001 
 

0.28 (0.18, 0.39) 
<0.001 

 
0.14 (0.040, 0.25) 

0.007 
 

D
utch 

(n=2,418) 
  

z(T
otal B

ehavior Problem
s) 

 
z(Internalizing B

ehavior) 
 

z(E
xternalizing B

ehavior) 
 

β (95%
 C

I) 
p-value 

 
β (95%

 C
I) 

p-value 
 

β (95%
 C

I) 
p-value 

Intergroup Threat 
 

 
 

 
 

 
 

 
     N

o Threat 
R

eference 
-- 

 
R

eference 
-- 

 
R

eference 
-- 

     Low
 Threat 

0.16 (0.070, 0.24) 
<0.001 

 
0.15 (0.064, 0.23) 

0.001 
 

0.14 (0.053, 0.23) 
0.002 

     H
igh Threat 

0.27 (0.18, 0.35) 
<0.001 

 
0.27 (0.20, 0.35) 

<0.001 
 

0.21 (0.12, 0.29) 
<0.001 

a Estim
ates based on linear m

ixed effects m
odels using restricted m

axim
um

 likelihood estim
ators w

ith an 
autoregressive variance-covariance structure, and p-values w

ere calculated using t-tests. 
b Fully adjusted m

odels controlled for child’s sex, m
aternal ethnicity, m

aternal age at birth, m
aternal education, 

fam
ily incom

e at age 3, m
aternal depression in pregnancy, m

aternal generational status, and m
aternal native 

language. 
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       Table S3.3: Fully adjusted, prospective associations betw
een standardized m

aternal intergroup threat scores and standardized em
otional and 

behavior problem
 scores based on m

aternal rating at age 9, partner rating at age 9, and teacher rating at age 7. a, b 

 
N

on-D
utch 

 
D

utch 

 
n 

β (95%
 CI) 

p-value c 
 

n 
β (95%

 CI) 
p-value c 

z(Em
otional and B

ehavior Problem
 Scores) 

 
 

 
 

 
 

 
     M

aternal-R
eport at A

ge 9 
1,003 

0.12 (0.050, 0.18) 
0.001 

 
1,903 

0.13 (0.089, 0.18) 
<0.001 

     Partner-R
eport at A

ge 9 
679 

0.080 (-0.0092, 0.17) 
0.08 

 
1,542 

0.019 (-0.031, 0.070) 
0.5 

     Teacher R
eport at A

ge 7 
937 

0.031 (-0.033, 0.095) 
0.3 

 
1,286 

0.092 (0.037, 0.15) 
0.001 

a Estim
ates based on linear regression m

odels, w
ith p-values calculated using t-tests.  

b Fully adjusted m
odel controlled for child’s sex, m

aternal ethnicity, m
other’s age at child’s birth, m

aternal education, fam
ily incom

e at age 3, 
m

other’s generational status, and m
other’s native language.  
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CONCLUSION 

 

 A growing body of research suggests that the origins of cardiometabolic disease may 

trace back to childhood, with psychosocial pathways of risk and resilience emerging early in life. 

While most studies that have investigated these pathways focus on adult outcomes, my 

dissertation examined alterations in health prior to adulthood to identify new targets for the 

primordial prevention of chronic disease (i.e., the prevention of risk factors).48 Paper 1 explored 

pathways to positive health, and found that children who possess multiple psychological and 

behavioral assets are more likely to be in optimal cardiometabolic health by age 17 years 

compared to those with fewer assets. Paper 2 examined whether an association between 

psychological distress and cardiometabolic risk may manifest as early as childhood, and results 

indicated that high levels of emotional and behavioral problems at age 5 years predicted declines 

in cardiometabolic functioning over 4 years of follow-up. Finally, Paper 3 explored the role 

social environments play in influencing youth mental health, and found that the children of 

mothers who perceived high levels of intergroup threat had more emotional and behavioral 

problems compared to those whose mothers perceived less threat. Together, these three studies 

suggest psychosocial factors in childhood are visibly associated with early alterations in mental 

and physical health, which may help explain how and why these risk and resilience factors 

contribute to the development of cardiometabolic disease over time (see Figure 0.1). 

Although these findings provide important insights into the biological mechanisms 

linking psychosocial factors in childhood and physical health, their clinical relevance should be 

interpreted with caution. In conducting this research, new approaches to studying pediatric 

cardiometabolic functioning were used to quantify physiologic changes among samples of 
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predominantly healthy children and adolescents. Since most young people do not reach clinically 

relevant levels of cardiometabolic risk factors, two sample-specific measures were constructed to 

assess sub-clinical biological functioning. Continuous dysregulation scores were created by 

summing participants’ standardized levels of multiple cardiometabolic parameters in order to 

capture a broad spectrum of cardiometabolic health and identify incremental changes that may 

occur over relatively short follow-up periods (see Paper 2). Clustered dysregulation scores were 

also constructed by summing participants’ total number of dysregulated cardiometabolic 

parameters, with dysregulation on each parameter defined as exceeding the top quintile of risk in 

the sample. Since this measure is based on parameters that met a high-risk threshold, it captures 

more substantive changes in risk factor clustering, which may be a more relevant measure of 

change in cardiometabolic functioning over longer follow-up periods (see Paper 1). In the case 

of both of these measures, it is important to note that each was used to identify early physiologic 

alterations that may precede poor cardiometabolic outcomes in adulthood. As a result, neither are 

indicative of childhood disease, but rather provide evidence of sub-clinical changes that have the 

potential to accumulate over decades to predispose young people to chronic disease risk as they 

age. 

The findings from my dissertation elucidate important unanswered questions for future 

research to examine. In Gallo & Matthews’ reserve capacity model (see adapted model in Figure 

0.1),6,7 reserve capacity is believed to mediate or modify the impact of emotion-related pathways 

linking adversity and poor cardiometabolic health, yet my studies examined distinct relationships 

within this model without considering potential indirect or interactive effects. In order to better 

inform health interventions for vulnerable youth, future work should consider the early interplay 

between social conditions, emotional well-being, and reserve capacity, and particularly whether 
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assets might buffer children against the negative health effects of psychosocial stress. Another 

important future direction for this field of study relates to whether the adverse longitudinal 

effects of poor mental health in childhood or maternal intergroup threat may be reversed or 

mitigated later in life. Life course research hypothesizes that early factors predispose adult 

disease through an accumulation of risk over time or by altering biological mechanisms during 

sensitive periods in development.73 In my three papers, mental health problems and declines in 

cardiometabolic functioning were identified in young, non-clinical samples, so it is plausible that 

these early indicators of poor health may be harbingers of future disease development. It is 

currently unclear whether these changes, if left unchecked, will track into adulthood or if they 

can be reversed. Future cohort studies should assess whether preclinical associations in youth 

translate to clinical outcomes in later in life.  

It is widely acknowledged that primordial prevention efforts aimed at children and youth 

are critical to stem the rising tide of cardiometabolic disease.120 Current recommendations for 

children focus on the promotion of healthy behaviors,120 but the three studies included in my 

dissertation contribute to a growing body of literature that suggest psychosocial factors in 

childhood – including psychological and behavioral assets, mental health, and social 

environments – may also play an important role in establishing health trajectories starting in the 

first decades of life. These factors should be examined more comprehensively in future work to 

determine whether interventions that enhance childhood assets and mitigate early life risks can 

successfully delay the onset of cardiometabolic disease in adulthood or prevent it altogether. 
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