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BRIEF SUMMARY 
In the Canadian National Population Health Survey, we demonstrate a positive association 

between childhood adversity and cardiovascular disease. The association was strongest in 

women and those with 3+ stressful events during adulthood. We further identified partial 

mediators of the association: smoking, poor diet, and depression; however, these factors did 

not explain the observed sex differences. The findings support the stress amplification 

hypothesis as well as biological source of sex differences in coping with stressful events.  
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ABSTRACT 

BACKGROUND: Childhood adversity increases risk for cardiovascular disease (CVD) in 

adulthood. Previously proposed mechanisms suggest the association is mediated by stress 

reactivity—known to be higher in women—and is aggravated by adult stress, but this has not 

yet been confirmed. Therefore, we investigated sex differences to better understand possible 

pathways from childhood adversity to CVD.  

METHODS: The National Population Health Survey, a fifteen-year cohort study of 

Canadians aged 18-49 at baseline was used. Logistics regressions with interaction terms for 

sex and stressful life events were used to assess the risk of CVD following childhood 

adversity. In secondary analyses we assessed mediation effects of depression, smoking, 

alcohol, exercise, and diet using the product of coefficient approach. Mediated moderation 

was subsequently used to explain sex-moderated effects.  

RESULTS: There was a strong association between childhood adversity and CVD (OR=2.14; 

95%CI : 1.56, 2.94) for 3+ childhood adversities). The association was stronger with 

increasing stressful events, and females with 3+ stressful events exhibited the highest risk of 

CVD (OR=4.40; 95%CI: 1.98, 9.75). No association was found in men. Depression, smoking, 

and poor diet partially mediated the relationship between childhood adversity and CVD (14%, 

9%, 9% respectively), but differences in these behaviours did not fully explain the sex-

specific differences in the mediated moderation analysis.  

CONCLUSIONS: The effect of childhood adverse events on CVD is heightened among 

women, particularly women with stressful adulthoods, and this difference is not mediated by 

depression, smoking or poor diet. These findings have important implications for 

understanding sex differences in CVD risk. 
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INTRODUCTION 

Adverse childhood experiences have been repeatedly linked to increased risk for 

cardiovascular disease (CVD).1, 2 Extensive preclinical and epidemiological evidence suggests 

a maladapted stress response mediates the relationship: experiencing adversity in childhood 

has been associated with permanent changes in the hypothalamic-pituitary-adrenal axis, 3, 4 

increased baseline cortisol levels, hyperactive stress responses, and increased perceived stress 

lasting into adulthood.1, 5 These consequences have long-term health effects: higher perceived 

stress is prospectively associated with CVD6 and increased cortisol can affect the 

development of CVD.7 

A hyperactive stress response is further thought to exacerbate the consequences of 

stressful events in adulthood. Life stressors such as marital dissolution and chronic work 

stress have been associated with cardiovascular morbidity and mortality8 and hypersensitivity 

to these events is thought to increase risk of adult illness.9 The ‘stress amplification’ theory is 

demonstrated in psychology, where childhood adversity is associated with lower tolerance to 

stressful stimuli, resulting in increased risk of later mental illnesses such as depression and 

heavy drinking.9-11 Stressful life events may also moderate the association between childhood 

adversity and CVD.  

The association between childhood adversity and adult health outcomes is further 

marked by sex differences. Post traumatic stress disorder occurs at a lower threshold of 

childhood abuse in women (1-2 major events) versus men (3+ major events) 9 and women’s 

heart disease has been prospectively associated with more childhood adversities (financial 

difficulties, longstanding illness, and interpersonal conflicts) than men (only longstanding 

illness).12 The marked sex differences support the stress amplification hypothesis. Women 

show consistently higher stress reactivity, specifically to chronic stresses common to 
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childhood adversity, which suggests they are more vulnerable to developing maladaptive 

stress responses.6, 12-14 However, no study has explicitly tested this interaction. 

The mechanism by which sex differences occur is not well understood. One 

hypothesis is differential engagement in poor diet, low levels of physical activity, smoking, 

alcohol abuse, or exhibition of depression, which are associated with both childhood adversity 

and adult CVD 4, 11, 15-18 as well as with coping mechanisms.19 Differential engagement as a 

means of coping has previously been shown in smoking studies: stressful stimuli elicited 

more smoking cravings and subjective stress in women than men.20 

The objectives of this study were to confirm an association between childhood 

adversity and CVD in a representative population, investigate the moderating effects of adult 

stressful life events and sex, and identify possible mediators. We expected that the association 

between childhood adversity and CVD would be strongest in women and those with stressful 

adult lives, and that any sex differences might be attributed to engagement in risky health 

behaviours.  
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MATERIALS AND METHODS 

Sample� 

Data for this study came from Statistics Canada’s National Population Health Survey (NPHS), 

a prospective, nationally representative cohort of Canadians followed every two years from 

1994/95 to 2008/09. Individuals aged 18-49 were asked about childhood and teenage adverse 

events at baseline until 2008. To reduce potential recall bias, individuals were excluded if 

their report of childhood adversity varied between cycle 1 and cycle 8 (n=1156).21 Individuals 

with no data on cardiovascular outcomes (n=2833) were further excluded, and were broadly 

similar to those with complete follow-up data (Supplemental Table 1). The final sample size 

was 4048 subjects. 

Measures 

Childhood adversity � 

The primary exposure for this study was childhood adversity reported at baseline. Participants 

were asked whether they had experienced any of seven adverse experiences before age 18:  

spending two weeks or more in a hospital; parental divorce; parental unemployment; a 

frightening experience that was thought about for years after; being sent away from home for 

wrongdoing; family problems due to substance abuse; and/or physical abuse by someone 

close.22 Childhood adversities were subsequently recoded into a categorical variable: no 

adversity, 1-2 adverse experiences, or 3+ adverse experiences. These thresholds were used to 

accommodate the frequent comorbidity of adverse experiences 23 while separating those who 

report 3+ childhood adversities as they have shown greater risk for illness in adulthood than 

those with one or two.12, 19, 23  

Cardiovascular Disease � 

The primary outcome was the cumulative incidence of CVD between 1994/95 and 2008/09. A 

composite binary measure of self-reports of heart disease, self-reported use of heart 
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medication, and deaths due to CVD was used. Participants were asked for physician-

diagnosed chronic illnesses and were specifically prompted with, “do you have heart disease?” 

and “in the past month, did you take medicine for the heart?24 Cardiovascular mortality was 

assessed from the Canadian Vital Statistics Database using ICD-10 codes for ischemic heart 

disease (I20-25) and heart failure (I20-I25).25  

Moderators, Mediators, and Covariates 

Stressful life events in adulthood were ascertained by self-report of marital dissolution 

(widowed, separated or divorced), unemployment, high work stress and high chronic stress at 

baseline. High work stress was defined as >90th percentile on a 12-item index assessing 

aspects of work such as the physical effort required, autonomy, job security and social support. 

High chronic stress was defined as >90th percentile on an 11 item questionnaire of financial 

difficulties, an overload of responsibilities and interpersonal problems.11, 26, 27 A categorical 

measure was created corresponding to 0, 1, or 2+ stressful events in adulthood.11  

Possible mediators were assessed at baseline. Physical activity was based on past 3-month 

engagement in 26 different physical activities such as swimming, and converted to energy 

expenditure by Statistics Canada (active, ≥1.5+ kcal/kg/day versus inactive, <1.5 

kcal/kg/day).28 Average daily alcohol consumption was dichotomized at baseline into non-

heavy and heavy drinking (2 drinks/day for men, 1 drink/day for women).29 Smoking was 

defined as those who reported smoking daily or occasionally at baseline. Baseline diet was 

assessed by self-perceived eating habits and dichotomized into “poor” and “fair or better.” 30 

Depression was assessed at baseline by the Composite International Diagnostic Interview 

Short Form for Major Depression.31 

Socioeconomic status was included as a covariate and was a dichotomous score of 

education and income. Low socioeconomic status was defined as no university attendance and 
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an average income of less than $30, 000 for a household size of 5+ people, less than $20, 000 

for 3-4 people and less than $15, 000 for 1-2 people.27  

 

Statistical analyses 

The association between childhood adversity and the cumulative incidence of CVD was 

assessed using logistic regression adjusted for age and socioeconomic status. All analyses 

were weighted with sampling weights provided by Statistics Canada to account for the 

complex sampling design and for nonresponse. A bootstrap  weighting procedure with 499 

degrees of freedom was used to estimate standard errors, coefficients of variation, and 95% 

confidence intervals32. 

 The regressions were stratified by sex and stressful life events in adulthood and then 

repeated using interaction terms of sex and stressful life events. Stress can influence a 

negative memory bias 33, 34. It has been previously reported that participants in the National 

Population Health Survey with increasing levels of stress were more likely to newly report 

childhood adversity that they hadn't reported 12 years earlier (i.e., those experiencing stress in 

adulthood were less consistent in their reporting of childhood adversity)21. In order to reduce 

possible reporting bias of childhood traumatic events due to experiences of stressful life 

events in adulthood, inconsistent reporters of childhood traumatic events were excluded from 

the sample. 

 In the secondary analysis, the product of coefficient approach was used to assess 

mediation effects of depression, physical inactivity, poor diet, heavy drinking, and smoking.  

Mediators were considered meaningful if the indirect effect of the mediator on CVD was 

statistically significant (p<0.05). 

To investigate whether the identified mediators explained any sex-specific effects of 

childhood adversity, mediated moderation was performed with logistic regression. Mediation 
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moderation was assumed when either (1) there was a significant interaction between sex and 

childhood adversity on a mediator and a direct effect of the mediator on CVD, or (2) there 

was a direct effect between childhood adversity on a mediator and a significant interaction 

between sex and the mediator on CVD (Figure 1). 35 

Stata 11 (Stata Corp, College Station, TX) was used to conduct the analyses. 

Ethical Considerations  

This study was approved by the Health Research Ethics Board Panel at the University of 

Alberta. 
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RESULTS  

Baseline Characteristics 

The cumulative incidence of CVD between 1994 and 2009 was 14.1%. Fourteen percent 

experienced 3+ childhood adversities and 36.2% reported 1-2 childhood adversities. At 

baseline, 34.2% were smokers, 3.7% had a poor diet, 19.2% were heavy drinkers, 60.1% were 

physically inactive and 6.8% of the sample reported being depressed. At least one stressful 

life event in adulthood was reported by 45.4% of the sample (Table 1). 

 

Childhood Adversity and CVD 

Childhood adverse events were associated with increased odds of CVD, particularly among 

those who reported three or more childhood events (OR=2.14; 95%CI: 1.56, 2.94). Only those 

who reported 2+ stressful life events and women demonstrated a significant correlation 

between childhood adversity and CVD (Table 2). When three or more childhood adversities 

were experienced, there was a significant interaction of childhood adversity with 2+ adult 

stressful events (p=0.027) and sex (p=0.036).   

 

Mediation by Risky Health Behaviours and Depression 

Both the indirect and direct effects for poor diet, smoking and depression were significant, 

suggesting that these variables partially mediate the association between childhood adversity 

and CVD (Table 3). Mediation of poor diet, smoking and depression accounted for 8.98%, 

9.43%, or 14.11% of the total effect respectively. No significant contribution was found for 

drinking or physical activity. 

 Of these three mediators, none predicted cardiovascular risk through either of the two 

indirect pathways in the mediated moderation model (Table 4). There were significant 

interactions for one association in the pathway, but in each case, the second association was 
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non significant. Thus there is no evidence that these mediators explain the moderation effect 

of sex in the relationship between childhood adversity and CVD. 
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DISCUSSION 

The results of this study demonstrated that childhood adversity is associated with increased 

odds of CVD in adulthood, consistent with existing research.12, 23 A dose-response 

relationship was observed, with risk of CVD more than doubled in individuals who reported 

three or more indicators of childhood adversity. Moreover, we confirmed a moderation effect 

of sex on the association: women, but not men, who reported three or more childhood 

adversities were three times more likely to have CVD than those without childhood adversity. 

When stratified by adult stressful life events, the association was strongest in women. We also 

demonstrated an independent moderation effect of adult stressful life events: the association 

between childhood adversity and CVD was present only in those with two or more adulthood 

stressful life events.   

This is the first study to our knowledge that has assessed the moderation effect of 

stressful life events on the relationship between childhood adversity and CVD. Our results 

support both the stress amplification hypothesis by demonstrating adult stressful events 

exacerbate cardiovascular risk in those with early life adversity, and the hypothesis that 

women exhibit higher stress sensitivity compared to men by showing adverse risks only in 

women.5, 365,33 Our results support a study of sex-stratified risk of CVD following perceived 

stress in adulthood6, where the effect of stress on CVD was stronger in women than men but 

was not statistically demonstrated. 

Our secondary analysis demonstrated that depression, smoking, and poor diet were 

partial mediators of the association between childhood adversity and CVD, consistent with a 

previous study demonstrating mediating effects of mental health problems, smoking, and 

obesity on childhood abuse and overall adult health.37 Importantly, the mediated pathway 

observed in this study did not interact with sex and therefore the identified mediators do not 

explain the observed sex differences. Thus, the exact mechanism of sex differences is unclear. 
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Past hypotheses suggest estrogen influences hypothalamic functioning. Estrogen has 

previously shown to influence stress sensitivity by impeding glucocorticoid-dependent 

negative feedback on the HPA axis.14, 38 The ensuing perceived stress can contribute to CVD 

risk by increasing blood pressure and/or heart rate.6, 39 These hypotheses are consistent with 

our mediation and moderation analyses; since the heightened effect of childhood trauma in 

women was not explained by common behavioural factors such as smoking or poor diet, 

biological mechanisms may be a likely explanation.  

  The results of this study should be interpreted in the context of some limitations. The 

cumulative attrition rate over fifteen years was 42%27 and there is a potential selection bias, 

given those with CVD or increased childhood adversity may have been more likely to drop 

out of the cohort. We partially accounted for this limitation by using the death registry to find 

outcomes for lost-to-follow up individuals. Additionally, those who dropped out were broadly 

similar on baseline factors compared to those who remained in the study. Moreover, this 

attrition only renders our results more conservative. A second limitation is the retrospective 

reporting of adverse childhood experiences, which can vary with stress and depression in 

adulthood 21 and cause overestimation of the presented odds ratio. Consequently, we limited 

our analysis to only those who consistently reported the same adverse childhood experiences 

twelve years apart.  

 Another limitation is the heterogeneity of the effect that stressors may have on mental 

and physical health outcomes. For example, interpersonal stressful life events (e.g., divorce) 

have been found to lead to a higher risk of suicidal behaviour when compared to non-

interpersonal stressful life events (e.g., work stress) 40. The assessment of stressful life events 

for the purposes of this study may not capture such heterogeneity in the effect of life stressors. 

However, evidence also suggests that cumulative trauma over time has a greater effect on 

mental health outcomes than exposure to a single traumatic event 41.  
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 Additionally, we lacked statistical power to examine impact on CVD mortality. It has 

been suggested that the association between stress and CVD mortality may be stronger in 

women and men6, however we did not observe enough deaths during the follow-up period to 

investigate this association. 

 Lastly, the external validity of the study is limited by the NPHS exclusion criteria. For 

example, populations on reserves are excluded, and Aboriginal individuals experience many 

childhood adverse experiences42, and death rates due to CVD are higher among Aboriginal 

women than women in the general Canadian population.43 However, the excluded population 

represents only 4% of the entire population, and thus our results are still generalizable to the 

majority of Canadians. 

These limitations were offset by notable strengths. The study used a large, nationally 

representative sample with repeated measure of both our exposure and outcome. We were 

able to use three measures of CVD over a fifteen-year follow-up period, and were able to 

account for numerous potential confounders, mediators, and moderators.  

  
CONCLUSIONS 

In this study we demonstrate the heightened impact of childhood adversity on CVD among 

women. Depression, smoking, and diet partially mediated the relationship between childhood 

adversity and CVD, but did not explain the observed sex differences. This implies that sex 

differences may be influenced by differing physiological responses to stress experienced by 

women, rather than these behaviours.  Secondly, we demonstrate that adulthood stress 

moderates the association between childhood adversity and CVD, suggesting that the stress 

amplification hypothesis may be expanded from mental illness to include CVD. 

Our results present insight into the mechanism for the disproportionate declining risk 

of CVD in women, and identify moderators that can be targets for intervention and 

prevention.44 Women are less likely to identify cardiovascular symptoms;45-47 raising 
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awareness of the high risk associated with childhood adversity may encourage women, 

particularly those with stressful adult lives, to get appropriate help. 
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TABLES 
 
 
Table 1 Baseline (1994/95) characteristics of study participants in Statistic Canada’s 

National Population Health Survey, 1994-2008 

  
Total CVD* No CVD* 

(n=4048) (n= 572) (n= 3476) 
Age       
18-25 17.5% 6.2% 93.8% 
26-31 17.7% 8.0% 92.0% 
32-37 25.0% 13.5% 86.5% 
38-43 21.9% 17.4% 82.6% 
44-49 18.1% 24.9% 75.1% 
Sex       
Male 49.2% 16.4% 83.6% 
Female 50.8% 11.9% 88.1% 
Low SES        
No 95.4% 13.7% 86.3% 
Yes 4.6% 23.1% 76.9% 
Smoker       
No 65.8% 12.2% 87.8% 
Yes 34.2% 17.9% 82.1% 
Poor Diet        
No 96.4% 14.0% 86.0% 
Yes 3.7% 18.1% 81.9% 
Heavy Drinker       
No 80.8% 14.5% 85.5% 
Yes 19.2% 12.4% 87.6% 
Physically Inactive       
No  39.9% 12.7% 87.3% 
Yes 60.1% 15.1% 84.9% 
Depressed        
No 93.2% 13.8% 86.2% 
Yes 6.8% 19.1% 80.9% 
Stressful Life Events        
0 54.6% 12.0% 88.0% 
1 20.5% 16.6% 83.4% 
>=2 24.9% 16.8% 83.2% 
Childhood Adversity       
0 50.0% 11.7% 88.3% 
1 or 2 36.2% 15.6% 84.4% 
>=3 14.0% 19.2% 80.8% 

*Note: CVD = Cardiovascular Disease.  

Proportions are weighted with sampling weights provided by Statistics Canada to account for 

the complex sampling design and for nonresponse  
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Table 2 Odds Ratios (OR) with 95% confidence intervals for the impact of childhood adversity on cardiovascular disease (CVD), and CVD 

stratified by number of stressful life events and sex among study participants in Statistic Canada’s National Population Health Survey, 1994-2008 

 

3+ 1.50 
 

0.92, 2.44 
 

0.71 
 

0.23, 2.19 0.88 
 

0.31, 2.56 1.79 
 

0.66, 4.86 

Women         
0 --- --- --- --- --- --- --- --- 
1-2 **1.96 

 
1.26, 3.06 

 
1.42 

 
0.73, 2.76 2.03 

 
0.73, 5.60 **2.95 

 
1.40, 6.41 

3+ **3.02 
 

1.87, 4.88 
 

1.56 
 

0.54, 4.50 **4.09 
 

1.50, 11.20 **4.40 
 

1.98, 9.76 

*P < 0.05 
** P < 0.01 

 

 Overall  Stratified by Stressful Life Events in Adulthood 
Number of 

Childhood Adverse 
Events 

(n=4048) 0 Events (n=2210) 1 Event (n=830) 2+ Events (n=1008) 

 OR 95% CI OR 95% CI OR 95% CI OR 95% CI 
Overall         
0 --- --- --- --- --- --- --- --- 
1-2 **1.50 1.13, 1.99 1.45 

 
0.99, 2.11 0.98 0.49, 1.95 1.77 0.99, 3.15 

3+ **2.14 
 

1.56, 2.94 
 

1.12 
 

0.56, 2.26 0.98 
 

0.90, 3.61 **3.00 
 

1.74, 5.20 

Men         
0 --- --- --- --- --- --- --- --- 
1-2 1.26 

 
0.86, 1.86 

 
1.47 

 
0.90, 2.40 0.70 

 
0.29, 1.71 0.92 

 
0.31, 2.73 
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Table 3 Beta coefficient values with 95% confidence intervals for the effect of risky health behaviours and depression as mediators for the 

association between childhood adversity and CVD among study participants in the Statistic Canada’s National Population Health Survey, 1994-

2008 

*P < 0.05 
** P < 0.01 

  

 Indirect Effect 
 

Direct Effect  Total Effect 

 Beta  95% CI Beta 95% CI Beta 95% CI 

       
Depression  **0.024 

 
0.009, 0.040 **0.145 

 
0.094, 0.197 **0.170 

 
0.117, 0.223 

Physical Inactivity  -0.0007 
 

-0.002, 0.001 **0.157 
 

0.107, 0.207 **0.156 
 

0.106, 0.207 

Poor Diet  *0.015 
 

0.001, 0.029 **0.152 
 

0.097, 0.207 **0.167 
 

0.111, 0.223 

Smoking **0.015 
 

0.006, 0.024 **0.144 
 

0.093, 0.196 **0.159 
 

0.108, 0.211 

Heavy Drinking - 0.001 -0.005, 0.002 **0.154 0.098, 0.210 **0.153 
 

0.100, 0.208 
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Table 4 Odds ratios (OR) with 95% confidence intervals for mediated moderation in the relationship between childhood trauma and 

cardiovascular disease (CVD) among study participants in Statistic Canada’s National Population Health Survey, 1994-2008. 

 

Number of Childhood Traumatic Events Smoking Poor Diet Depression 
 OR 95% CI OR 95% CI OR 95% CI 

Pathway 1       
Effect of childhood adversity on mediator **1.54 1.26, 1.87 1.28 0.63, 2.59 **2.46 1.58, 3.85 
Interaction effect between sex and mediator on CVD  0.85 

 
0.52, 1.39 0.99 

 
0.31, 3.20 1.07 

 
0.39, 2.95 

Pathway 2       
Interaction effect between sex and childhood adversity on mediator  **1.46 1.12, 1.90 *3.32 1.33, 8.30 1.29 0.75, 2.21 
Effect of the mediator on CVD 1.84 0.84, 4.05 1.51 0.23, 9.89 1.27 0.19, 8.38 

*P < 0.05 
** P < 0.01
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Figure 1  
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(a) Sex mediates association between childhood adversity and a mediator 

(b) Sex mediates association between a mediator and cardiovascular disease (CVD) 


