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Research on predictors of cardiovascular disease (CVD) 
has increasingly focused on exposures to risk factors other 

than the conventional behavioral (ie, smoking, heavy alcohol 
use, physical inactivity, and unhealthy diet) and biological (eg, 
hypertension, dyslipidemia, diabetes mellitus, and obesity)  
factors.1 One of the potential predictors beyond the conventional 
risks is exposure to childhood psychosocial adversities such as 
financial difficulties, serious conflicts, and long-term disease in 
the family. In a recent longitudinal study of 1089 participants, 
childhood psychosocial adversity was associated with poorer 
cardiovascular health as defined by American Heart Association 
metrics.2 Studies have also reported associations between child-
hood adversity and adulthood CVD risk factors3–8 and cardio-
vascular morbidity,9–12 although the underlying mechanisms 
linking childhood exposure to adult disease remain unclear.
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It is possible that childhood adversity sets an individual 
on a risk pathway leading to adverse future exposures. Those 
exposed to psychosocial adversity in childhood not only may 
be at an increased risk of experiencing various adversities in 
adulthood but also may perceive these events as more burden-
some.13 Thus, adult neighborhood disadvantage may drive the 
link between childhood experiences and adult health, repre-
senting a pathway model. An important source of adversity 
experienced in adulthood is residence in a socioeconomically 
disadvantaged neighborhood, which has been shown to be 
associated with CVD risk factors or morbidities such as obe-
sity,14,15 ischemic heart disease,16 myocardial infarction,17–19 
and cerebrovascular diseases.20–22 In our prior cross-sectional 

Background—Childhood adverse psychosocial factors (eg, parental divorce, long-term financial difficulties) and adult 
neighborhood disadvantage have both been linked to increased cardiovascular disease (CVD). However, their combined 
effects on disease risk are not known.

Methods and Results—Participants were 37 699 adults from the Finnish Public Sector study whose data were linked to a 
national neighborhood disadvantage grid with the use of residential addresses between the years 2000 and 2008 and who 
responded to a survey on childhood psychosocial adversities and adult CVD risk behaviors in 2008 to 2009. Survey data 
were also linked to national registers on hospitalization, mortality, and prescriptions to assess CVD risk factors in 2008 to 
2009 and to ascertain incident CVD (coronary heart disease or cerebrovascular disease) between the survey and the end 
of December 2011 (mean follow-up, 2.94 years; SD=0.44 years). Combined exposure to high childhood adversity and 
high adult disadvantage was associated with CVD risk factors (hypertension, dyslipidemia, diabetes mellitus, obesity, 
smoking, heavy alcohol use, and physical inactivity) and with a 2.25-fold (95% confidence interval, 1.39–3.63) hazard 
of incident CVD compared with a low childhood adversity and low adult disadvantage. This hazard ratio was attenuated 
by 16.6% but remained statistically significant after adjustment for the CVD risk factors (1.96; 95% confidence interval, 
1.22–3.16). Exposure to high childhood adversity or high adult neighborhood disadvantage alone was not significantly 
associated with CVD in fully adjusted models.

Conclusions—These findings suggest that individuals with both childhood psychosocial adversity and adult 
neighborhood disadvantage are at an increased risk of CVD. In contrast, those with only 1 of these exposures 
have little or no excess risk after controlling for conventional risk factors.   (Circulation. 2015;132:371-379.  
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analyses, childhood psychosocial adversity and adult neigh-
borhood disadvantage, in combination, were associated with 
the co-occurrence of adult CVD risk behaviors such as smok-
ing, heavy alcohol use, and physical inactivity.23,24 However, 
we are aware of no longitudinal studies on the combined effect 
of childhood psychosocial adversity and adult neighborhood 
disadvantage on CVD end points such as fatal and nonfatal 
coronary heart disease or cerebrovascular diseases.

In this longitudinal study, we used survey and register data 
to examine whether exposures to certain adverse psychoso-
cial factors in childhood and to neighborhood disadvantage in 
adulthood are associated with an increased risk of CVD in a 
large adult population. In accordance with the pathway model 
(Figure 1), we hypothesized that the effects of the 2 exposures 
are such that individuals with both psychosocial adversity in 
childhood and neighborhood adversity in adulthood would 
have a higher CVD risk than those with only 1 exposure or 
no such exposures. We also hypothesized that these associa-
tions are only partially accounted for by conventional CVD 
risk factors.

Methods
Study Population
Participants were from the Finnish Public Sector study (FPSS).25 The 
register cohort of the FPSS includes all employees of 10 towns and 6 
hospital districts who had a minimum of 6 months of employment in 
the participating organizations between 1991 and 2005 (n=151 901). 
These employees are in a wide range of occupations, from city admin-
istrators and doctors to semiskilled cleaners. The survey cohorts of 
the FPSS comprise employees with a job contract at the time of the 
survey, as indicated by the employers’ registers, with responding being 
voluntary.

Figure 2 shows a flowchart of the sample selection for the present 
study. We obtained the latitude and longitude coordinates of the resi-
dential addresses for the register cohort from the Population Register 
Center for dates between January 1, 2000 and the date of administration 
of our survey (hereafter called the 2008/09 survey), which took place 
between September 1, 2008, and November 30, 2009. For 1462 partici-
pants, the addresses were unknown. Of the register cohort, 60 061 par-
ticipants were eligible for the 2008/09 survey on childhood adversities, 
whereas 60 370 were not eligible because they were no longer employed 
by the organizations at the time of the survey(s). Furthermore, some of 
the questionnaires did not include items on childhood adversity, leav-
ing an additional 26 053 participants out of the analytical cohort. We 
excluded from the cohort 18 653 nonresponders (response rate, 69%) 
and those participants with a CVD event (coronary heart disease or 
cerebrovascular disease) 5 years before the 2008/09 survey (n=374), 
with an incomplete residential history (n=2883), or with missing data 
on childhood psychosocial adversities (n=452), leading to a final sam-
ple size of 37 699 participants with detailed information on exposure 
to neighborhood disadvantage between 2000 and the 2008/09 survey. 
This sample was followed up for major coronary heart and cerebro-
vascular events from the 2008/2009 survey until December 31, 2011, 

and for all-cause mortality until June 30, 2014, through national health 
registers. Register and cohort data were linked by use of personal iden-
tification codes that for confidentiality purposes were then recoded 
into research identification codes to be used in the analyses. The ana-
lyzed sample did not differ markedly from the eligible survey cohort 
of 60 061 participants in terms of mean age (50 years in the sample 
versus 49 years in the eligible cohort), sex (78% versus 78% female), or 
level of education (10% versus 11% low; 36% versus 38% intermedi-
ate; 54% versus 50% high). The Ethics Committee of the Helsinki and 
Uusimaa Hospital District approved the study.

Measures of Exposure

Childhood Psychosocial Adversity
In the 2008/09 survey, childhood psychosocial adversity was assessed 
retrospectively with 6 questions modified from the Survey of Living 
Conditions developed by Statistics Finland,26 as in earlier studies.10,13 
The respondents were asked whether they had experienced the fol-
lowing in their childhood: divorce/separation of the parents, long-
term financial difficulties in the family, serious conflicts in the family, 
frequent fear of a family member, serious or chronic illness of a fam-
ily member, and alcohol problem of a family member. Response cat-
egories for each item were as follows: no=0, yes=1, or “cannot say,” 
which was coded as missing data. We calculated a summary variable 
for childhood psychosocial adversity (range, 0–6).

Adult Neighborhood Disadvantage
Data for adult neighborhood disadvantage were obtained from the 
Statistics Finland’s grid database for the years 2000 and 2008. This 
database contains information for all Finnish residents on social and 
economic characteristics shown at the level of 250×250-m grids 
at the time of data collection.27 We used information on income 
(coded inversely) and unemployment rates and the proportion of 
those with a low level of education as the determinants of neighbor-
hood (ie, for each 250×250-m grid) disadvantage. For each of the 
3 variables, we derived a standardized z score (mean=0, SD=1).  
A total disadvantage score was then calculated by taking the mean 
value across all z scores23; the mean of the score in the study popula-
tion was −0.297 (range, −2.03 to 6.78), with a higher score indicating 
a higher disadvantage. We linked these data to the cohort participants’ 
home addresses between 2000 and the date of survey completion 
using the latitude and longitude coordinates. The participants had 
lived in 14 885 different neighborhoods between 2000 and the sur-
vey date; the average total population per neighborhood was 153.5; 
and there were on average 4.9 participants per grid. For the analyses, 
we calculated exposure to neighborhood disadvantage as a residen-
tial time-weighted disadvantage score over a minimum of 3200 days  
(8.9 years) preceding the 2008/09 survey.

Outcome Measures

Cardiovascular Risk Factors in Adulthood
Using national registers and standard questionnaire measurements in 
the 2008/09 survey, we measured the following CVD risk factors28: 
hypertension, dyslipidemia, diabetes mellitus, obesity, smoking, high 
alcohol intake, and physical inactivity. To identify cases of hyperten-
sion, dyslipidemia, and diabetes mellitus, we used data on prescription 
purchases for antihypertensive medication, lipid-lowering medication 
(statins), and antidiabetes medication. In Finland, drugs for the treat-
ment of these conditions are available by prescription only. National 
health insurance provides coverage for the prescription drugs to all 
residents living in the community, and all the reimbursed prescrip-
tions are registered in the Finnish Prescription Register managed by 
the Social Insurance Institution. For each drug prescription, the dis-
pensing date, the World Health Organization Anatomic Therapeutic 
Chemical code,29 and the quantity dispensed are recorded. For anti-
hypertensive medication, we used Anatomic Therapeutic Chemical 
codes C02, C03, C07, C08, and C09; for statins, the code C10AA; 
and for antidiabetes drugs, the code A10. As in our earlier stud-
ies, participants having hypertension or type 2 diabetes mellitus 
were additionally identified on the basis of eligibility for special 

Figure 1. Childhood psychosocial adversity and adult neighborhood 
disadvantage as distal risk factors for cardiovascular disease (CVD).
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medication reimbursement for these conditions.30 From the Finnish 
national sickness insurance scheme, we obtained data on all patients 
who had been granted special reimbursement for medications, includ-
ing antihypertensive and antidiabetes drugs. To be eligible for this 
reimbursement owing to hypertension, the patient needs to have a 
severe (at least stage 2) or complicated form of hypertension. The 
corresponding eligibility criteria for reimbursement for antidiabetes 
medication are diabetes-specific symptoms and repeated plasma glu-
cose levels >7.0 mmol/L.

Participants who in the 5 years before the 2008/09 survey were 
eligible for special reimbursement for an antihypertensive drug 
or had at least 1 prescription for antihypertensive medication for a 
minimum of 3 months (>90 average daily doses) were counted as 
prevalent cases of hypertension. Correspondingly, the definition of 
prevalent case of diabetes mellitus was any participant who was eli-
gible for special reimbursement for diabetes treatment or had at least 
1 prescription for diabetes medication for a minimum of 3 months, 
and a prevalent case of dyslipidemia was any participant who had at 
least 1 statin prescription for a minimum of 3 months in the 5 years 
before the 2008/09 survey. Incident cases of these conditions were 
determined correspondingly from the date of granting special reim-
bursement or the date of the first purchase of a prescribed drug after 
the 2008/09 survey until the occurrence of a CVD outcome or until 
December 31, 2011.

In the 2008/09 survey, we measured the following CVD risk fac-
tors: obesity, smoking, alcohol intake, and physical inactivity.23–25 
Participants’ weight and height were requested to determine whether 
they were obese (body mass index ≥30 kg/m2), and smoking status 
was used to identify current smokers. High alcohol intake was indi-
cated by self-reported average consumption of >210 g/wk (of pure 
alcohol) or having passed out as a result of heavy alcohol consump-
tion at least once during the past 12 months. Physical inactivity was 
assessed with the following questions: “How much did you exercise 
per week on average during the past year?” and “Estimate whether 
the level of intensity of the exercise corresponded to walking, vig-
orous walking, jogging, or running.” The time spent on activity at 
each intensity level in hours per week was multiplied by the average 
energy expenditure of each activity, expressed in metabolic equiva-
lent task (MET) hours; <2 MET hours per day was scored as indicat-
ing physical inactivity.

Cardiovascular Outcomes
The primary outcome was incident definite CVD events, including 
definite angina or myocardial infarction (International Classification 
of Diseases, 10th Revision codes I20.0, I21, and I22 for causes of hos-
pitalization and codes I20–I25 for causes of death) and cerebrovascu-
lar disease (codes I60–I69 for causes of hospitalizations and deaths). 

Our secondary outcomes were any CVD events (coronary heart dis-
ease [International Classification of Diseases, 10th Revision codes 
I20–I25] and cerebrovascular disease [codes I60–I 69] for causes of 
hospitalization and death) and all-cause mortality, which was used 
as an unbiased marker of outcome. Data on hospital admissions as 
a result of CVD events were obtained from the National Hospital 
Discharge Register; records on fatal CVD events were obtained from 
Statistics Finland; and records of all-cause mortality were obtained 
from the Population Register Center.

Covariates
The age and sex of the participants were obtained from the employers’ 
registers. Information about the participants’ highest educational degree 
was obtained from Statistics Finland and was used as a 3-class proxy 
variable for individual socioeconomic status (high=university degree, 
intermediate=high school or vocational school, low=comprehensive 
school). Marital status (living alone versus married/cohabiting) was 
requested in the survey.

Statistical Analyses
Using dichotomized variables for childhood psychosocial adver-
sity (low=0–1, high=2–6) and for adult neighborhood disadvantage 
(low=standardized mean below 0, high=above 0), we classified the 
participants into 4 exposure categories: low childhood adversity/low 
adult disadvantage, low childhood adversity/high adult disadvantage, 
high childhood adversity/low adult disadvantage, and high childhood 
adversity/high adult disadvantage. To examine the pathway model, 
we assessed the associations between this combined exposure and 
conventional adult CVD risk factors (hypertension, dyslipidemia, 
diabetes mellitus, obesity, smoking, high alcohol consumption, and 
physical inactivity) using log-binomial regression models with gen-
eralized estimating equations. The findings are presented as risk 
ratios and their 95% confidence intervals (CIs) for each combination 
category of the exposure variable for which the combination of low 
childhood psychosocial adversity and low adult neighborhood disad-
vantage was used as the reference. Generalized estimating equations 
were used to take into account the intracluster dependence of indi-
viduals residing within the same municipalities.

To examine whether expected associations between CVD risk 
factors (hypertension, dyslipidemia, diabetes mellitus, obesity, smok-
ing, high alcohol intake, and physical inactivity) and the 3 outcomes 
(definite CVD event, any CVD event, all-cause mortality) were seen 
in these data, we used time-dependent marginal Cox proportional 
hazard models. We treated CVD risk factors as time-dependent pre-
dictors and followed up participants until the outcome of interest, 
death, or end of follow-up (December 31, 2011), whichever occurred 

Figure 2. Flowchart of the selection of the analyzed sample.
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first. The results were reported as age- and sex-adjusted hazard ratios 
and their 95% CIs. In a preliminary analysis, we confirmed that pro-
portional hazards assumptions were not violated. We adopted a gen-
eralized estimating equation–like marginal approach to account for 
the intracluster dependence, and we estimated regression parameters 
in the Cox model using the maximum partial likelihood estimates 
under an independent working assumption with a robust sandwich 
covariance matrix estimate.

In the main analysis, the association between combined expo-
sure to high adversity and high disadvantage and the risk of incident 
definite CVD event was examined with the use of time-dependent 
Cox proportional hazard models. We first estimated the effect with 
adjustment for demographic characteristics (age, sex, education, 
marital status). We then added the CVD risk factors to the model and 
calculated the percentage attenuation in the β coefficient as: 100× 
(β

ref model
−β

ref model+risk factors
)/β

ref model
. This proportion provides an esti-

mate of the extent to which the association between the combined 
exposure and incident definite CVD event is mediated by adulthood 
CVD risk factors. Similar analyses were performed for the secondary 
outcomes, any CVD event, and all-cause mortality. All analyses were 
performed with the statistical package SAS version 9.3.

Results
The mean age of the 37 699 healthy participants at the time 
of the 2008/09 survey was 49.9 years (SD=10.4 years). Other 
descriptive statistics of the study population by the 4 exposure 
categories are presented in Table 1. During the mean follow-
up of 2.94 years (SD=0.44 years), there were 201 definite 
CVD events. For all-cause mortality (n=381), the follow-up 
time was 5.43 years (SD=0.50 years).

Exposure to either high childhood adversity or high adult 
disadvantage was associated with adult CVD risk factors 
(Table 2). The highest age- and sex-adjusted risk ratios for 
those exposed only to high childhood adversity were 1.28 
(95% CI, 1.21–1.36) for heavy alcohol use and 1.24 (95% CI, 
1.19–1.30) for smoking (Table 2). The highest risk ratios for 
exposure to high adult disadvantage only were 1.66 (95% CI, 
1.56–1.76) for smoking and 1.36 (95% CI, 1.26–1.47) for obe-
sity. Being exposed to high childhood adversity and high adult 
disadvantage was associated with all CVD risk factors, with 
risk ratios ranging from 1.10 (95% CI, 1.02–1.18) for dyslip-
idemia to 2.16 (95% CI, 2.06–2.27) for smoking.

In the age- and sex-adjusted models, the combination of 
high childhood adversity and high adult disadvantage was 
associated with a doubling of the risk of a definite CVD event 
at follow-up; the hazard ratio for the high/high versus the low/
low exposure category was 2.53 (95% CI, 1.72–3.74; Table 3). 
As expected, all CVD risk factors were also associated with an 
increased risk of CVD, the only exception being heavy alco-
hol consumption (Table 3). These results were similar when 
the CVD risk factors were mutually adjusted (Table I in the 
online-only Data Supplement). All CVD risk factors were 
associated with all-cause mortality, with the hazard ratios 
ranging from 1.32 (95% CI, 1.04–1.69) for obesity to 2.57 
(95% CI, 1.94–3.39) for diabetes mellitus (Table 3).

In models adjusted for age, sex, education, and marital 
status, being in the high/high exposure category was associ-
ated with a 2.25-fold (95% CI, 1.39–3.63) hazard for a definite 
CVD event (Table 4). For all-cause mortality, the correspond-
ing hazard ratio was 1.24 (95% CI, 0.98–1.57; data not shown). 
Adjustments for the CVD risk factors attenuated the associa-
tion for definite CVD event by 16.6%, but it remained highly 

significant, with a hazard ratio of 1.96 (95% CI, 1.22–3.16). 
An analysis using any CVD event as the outcome replicated 
these results (Table 4). Figure 3 shows cumulative hazards 
for definite and any CVD events by exposure category. The 
risk difference between exposure category groups increased 
across the entire follow-up period, suggesting the highest risk 
for those with a combined exposure.

Discussion
We found that exposure to high childhood psychosocial adver-
sity and high adult neighborhood disadvantage was associated 
with a doubling of the risk of incident CVD in adulthood com-
pared with the absence of such exposures. This association was 
not explained by factors included in conventional CVD risk 
assessment such as smoking, hypertension, dyslipidemia, or 
diabetes mellitus. Neither childhood psychosocial adversity nor 
adult neighborhood disadvantage alone was significantly asso-
ciated with incident CVD in the fully adjusted models, although 
these exposures were associated with CVD risk factors.

Our findings on childhood psychosocial adversity and 
CVD are in agreement with the prior literature.11 In Finland, 
poor psychosocial and socioeconomic circumstances in child-
hood have been found to be associated with poor heart health 
as defined by the American Heart Association2 and with an 
increased risk of acute ischemic heart or cerebrovascular dis-
ease in men.10 Elsewhere, a 3-fold risk of stroke was found 
among men who had experienced parental divorce compared 

Figure 3. Cumulative hazard of definite (International 
Classification of Diseases, 10th Revision codes I20.1, I21–I22, 
and I60–I69; A) and any (International Classification of Diseases, 
10th Revision codes I20–I25 and I60–I69; B) cardiovascular 
disease events by the level of childhood psychosocial adversity 
and adult neighbourhood disadvantage.
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Table 1. Demographic Characteristics of the Sample by Childhood Psychosocial Adversity and Adult Neighborhood Disadvantage

n (%)

Low Childhood  
Adversity,  
Low Adult  

Disadvantage
(n=17 089), %

Low Childhood  
Adversity,  
High Adult  

Disadvantage
(n=6743), %

High childhood  
Adversity, Low Adult  

Disadvantage
(n=9460), %

High Childhood  
Adversity,  
High Adult  

Disadvantage
(n=4407),%

Sex

  Men 8031 (21.3) 22.5 22.7 19.6 18.3

  Women 29 668 (78.7) 77.5 77.3 80.4 81.7

Age group, y

  22–55 25 009 (66.3) 66.9 61.4 68.4 67.2

  56–78 12 690 (33.7) 33.1 38.6 31.6 32.8

Education

  High 20 445 (54.2) 62.1 42.9 56.0 37.6

  Intermediate 13 551 (36.0) 30.5 43.5 34.9 47.5

  Low 3703 (9.8) 7.4 13.6 9.1 14.9

Married or cohabiting

  Yes 28 084 (74.9) 81.1 65.3 77.5 59.6

  No 9412 (25.1) 18.9 34.7 22.5 40.4

Table 2. Risk Ratios* (95% CIs) for Age- and Sex-Adjusted Associations of Childhood Psychosocial Adversity and Adult 
Neighborhood Disadvantage With Cardiovascular Risk Factors

Childhood
Adversity, Adult
Disadvantage

Hypertension†
(n=9516, 25.2%)

Dyslipidemia†
(n=3412, 9.1%)

Diabetes Mellitus†
(n=1916, 5.1%)

Obesity
(n=6217, 16.9%)

Smoking
(n=5216, 13.9%)

Heavy Alcohol Use
(n=5152, 13.7%)

Physical Inactivity 
(n=10 106, 26.9%)

Low-low (n=17 089) 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Low-high (n=6743) 1.11 (1.07–1.15) 1.06 (1.01–1.11) 1.26 (1.14–1.39) 1.36 (1.26–1.47) 1.66 (1.56–1.76) 1.10 (1.03–1.18) 1.17 (1.12–1.22)

High-low (n=9460) 1.07 (1.03–1.11) 1.06 (1.00–1.14) 1.08 (0.96–1.22) 1.20 (1.11–1.30) 1.24 (1.19–1.30) 1.28 (1.21–1.36) 1.07 (1.03–1.11)

High-high (n=4407) 1.15 (1.09–1.20) 1.10 (1.02–1.18) 1.53 (1.37–1.70) 1.55 (1.40–1.72) 2.16 (2.06–2.27) 1.42 (1.35–1.51) 1.29 (1.21–1.37)

CI indicates confidence interval.
*Based on log-binomial regression models with generalized estimating equations estimation taking into account the intracluster dependence of individuals residing 

within the same municipalities.
†Based on prescription registers.

with those whose parents had not divorced.9 Associations 
between early-life adverse psychosocial experiences and CVD 
at ≥50 years of age12 and a dose-response relationship between 
exposure to adverse childhood psychosocial factors and isch-
emic heart disease31 have also been reported. However, only 
1 cross-sectional study has reported the combined effects of 
childhood psychosocial adversity and neighborhood disad-
vantage, suggesting that living in an affluent neighborhood 
may protect against any negative health effects resulting from 
childhood psychosocial exposures.6

Except for our study on the co-occurrence of poor health 
behaviors,24 we are not aware of studies that have examined 
the effect of neighborhood disadvantage on CVD while 
taking into account childhood psychosocial exposures. 
However, there is evidence to support an association between 
neighborhood disadvantage and increased cardiovascu-
lar health risk. In an Australian study,15 for example, area-
level deprivation was associated with obesity and smoking, 
although no statistically significant association was apparent 
with diabetes mellitus, at-risk alcohol use, physical activ-
ity, or CVD itself. At least 1 study of disease outcomes has 
reported an increased risk of stroke among whites ≥65 years 

of age in neighborhoods with the lowest compared with 
those in neighborhoods with the highest socioeconomic sta-
tus21; 2 independent ecological studies suggest associations 
between aspects of neighborhood disadvantage and the risk 
of stroke20,22; and several studies have shown a link between 
neighborhood disadvantage and an increased risk of CVD, 
often independently of adult individual-level socioeconomic 
status.16–18

Several plausible mechanisms may link these 2 exposures 
with health. Financial difficulties or parental distress, for exam-
ple, may decrease health-promoting parenting, thus adversely 
affecting children’s health behaviors.32 Disadvantaged neigh-
borhoods characterized by a high prevalence of smoking or 
public drinking may reduce motivation to initiate and main-
tain healthy behaviors.33 Common pathways such as social 
stress may partly explain the observed strong link for child-
hood psychosocial adversity and adult neighborhood disad-
vantage with 1 health behavior, namely smoking. This finding 
is consistent with the hypothesis that psychosocial and socio-
economic exposures from across the life course and at indi-
vidual and neighborhood levels play an important role in  
smoking habits.
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Table 3. Age- and Sex-Adjusted Associations of Childhood Psychosocial Adversity, Adult Neighborhood Disadvantage, and 
Cardiovascular Risk Factors With Incident CVD and All-Cause Mortality*

Definite CVD Event† Any CVD Event‡ All-Cause Mortality

Participants, n Events, n Hazard ratio (95% CI) Events, n Hazard Ratio (95% CI) Events, n Hazard Ratio (95% CI)

Childhood adversity

  Low 23 832 110 1.00 159 1.00 238 1.00

  High 13 867 91 1.53 (1.16–2.03) 121 1.41 (1.11–1.79) 143 1.09 (0.89–1.34)

Adult disadvantage

  Low 26 549 118 1.00 176 1.00 241 1.00

  High 11 150 83 1.65 (1.24–2.18) 104 1.37 (1.08–1.75) 140 1.32 (1.07–1.63)

Childhood adversity
Adult disadvantage

  Low-low 17 089 68 1.00 108 1.00 152 1.00

  Low-high 6743 42 1.50 (1.02–2.20) 51 1.13 (0.81–1.58) 86 1.34 (1.03–1.74)

  High-low 9460 50 1.40 (0.97–2.03) 68 1.20 (0.89–1.63) 89 1.10 (0.85–1.43)

  High-high 4407 41 2.53 (1.72–3.74) 53 2.05 (1.48–2.85) 54 1.41 (1.04–1.93)

Biological risk factors

  Hypertension*

   No 28 183 113 1.00 141 1.00 202 1.00

   Yes 9516 88 1.73 (1.29–2.33) 139 2.14 (1.67–2.74) 179 1.71 (1.39–2.11)

  Dyslipidemia*

   No 34 286 158 1.00 195 1.00 306 1.00

   Yes 3413 43 1.84 (1.29–2.62) 85 2.94 (2.23–3.87) 75 1.39 (1.07–1.81)

  Diabetes mellitus*

   No 35 783 173 1.00 234 1.00 319 1.00

   Yes 1916 28 2.42 (1.60–3.68) 46 2.88 (2.06–4.00) 62 2.57 (1.94–3.39)

  Obesity

   No 30 545 147 1.00 210 1.00 286 1.00

   Yes 6217 49 1.51 (1.09–2.08) 65 1.40 (1.06–1.85) 83 1.32 (1.04–1.69)

Behavioral risk factors

  Smoking

   No 32 291 132 1.00 200 1.00 289 1.00

   Yes 5216 68 3.47 (2.57–4.68) 79 2.72 (2.09–3.54) 89 2.29 (1.79–2.91)

  Heavy alcohol use

   No 32 440 164 1.00 234 1.00 292 1.00

   Yes 5152 37 1.13 (0.78–1.64) 45 0.96 (0.69–1.33) 87 1.81 (1.41–2.32)

  Physical inactivity

   No 27 424 107 1.00 146 1.00 206 1.00

   Yes 10 106 92 2.00 (1.51–2.64) 131 2.07 (1.63–2.62) 173 1.96 (1.60–2.40)

CI indicates confidence interval; and CVD, cardiovascular disease. 
*From marginal Cox model approach taking into account the intracluster dependence of individuals residing within the same municipalities.
†Cardiovascular disease International Classification of Diseases, 10th Revision codes I20.1, I21 to I22, and I60 to I69.
‡Cardiovascular disease International Classification of Diseases, 10th Revision codes I20 to I25 and I60 to I69.

Policy implications of the present findings should be 
drawn cautiously. Factors included in a conventional CVD 
risk assessment did not explain the association between 
childhood psychosocial adversity, adult neighborhood 
disadvantage, and incident CVD, suggesting that tackling 
conventional risk factors might not remove the excess 
CVD risk among individuals exposed to childhood adver-
sity and adult disadvantage. Setting childhood adversity 
and adult disadvantage as targets of CVD prevention is 

premature at this stage because we have little evidence 
of the potential benefits and harms of such interventions, 
and it is unknown whether these factors can realistically 
be modified in clinical settings in a cost-effective man-
ner. Although further research is needed to increase our 
understanding of the nature of these associations in terms 
of CVD pathogenesis, reducing childhood adversity and 
adult disadvantage remains an important goal for health 
policies.
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Study Limitations
Childhood psychosocial adversity was assessed retrospec-
tively at the individual level, whereas the measure of adult 
neighborhood disadvantage was an aggregate measure based 
on the population living in the same small area. The first mea-
sure is subject to reporting and recall biases, which may both 
underestimate and overestimate associations34; area-based 
measures can be imprecise, potentially leading to an under-
estimation of associations. To improve accuracy, we defined 
neighborhood disadvantage using a long and detailed residen-
tial history (location in 250×250-m grids over nearly 9 years). 
There is also a chance of differential misclassification error 
because we used a retrospective measure for childhood adver-
sity, which may limit the validity of the data. There is some 
evidence that the reliability of the self-reported measure of 
childhood adversity is good35; however, the validity of self-
reported adversity can be assessed only by means of prospec-
tive studies beginning from childhood. The data came from 
a society based on a strong welfare state and a study popu-
lation that was dominated by white female participants. The 
cohort is likely to have excluded those who suffered the most 
from childhood adversities because they might be less suc-
cessful in finding a job. In combination, these facts may have 
resulted in the exclusion of those who are the worst off. Thus, 
the results need to be confirmed in other general populations 
and in locations where the social security through life varies 
and neighborhood-level socioeconomic differences are larger. 
The strengths of this longitudinal study include the large study 
population, the comprehensive and valid register data for the 
outcomes, and the control for conventional CVD risk factors 
and for individual-level education. A further advantage was 
the use of accurate data for characterizing the accumulation of 
neighborhood-level exposure.

Conclusions
We found that combined exposure to high childhood psycho-
social adversity and high adult neighborhood disadvantage 
was associated with an increased risk of major cardiovascu-
lar events such as coronary heart disease and cerebrovascular 
disease. The magnitude of this association was comparable 
to that for major CVD risk factors, but further research is 
needed to assess whether the association is replicable in other 
populations and whether it is causal or only indicative of 
other risk factors

Sources of Funding
This study was supported by the participating organizations 
and by the Academy of Finland (projects 264944 and 267727  
[Dr Vahtera] and 286294 [Dr Stenholm]. Dr Kivimäki is sup-
ported by the UK Medical Research Council (K013351), the 
Finnish Work Environment Fund, NordForsk, the Nordic Council 
of Ministers (grant 75021), and a professorial fellowship from 
the Economic and Social Research Council. Dr Subramanian is 
supported thru the Robert Wood Johnson Investigator Award in 
Health Policy Research. The funders had no role in the study 
design; in the collection, analyses, or interpretation of the data; 
in the writing of the manuscript; or in the decision to submit 
the report.

Disclosures
None.

References
 1. World Health Statistics 2012, Part II. Highlighted Topics. Geneva, 

Switzerland: World Health Organization; 2012.
 2. Pulkki-Råback L, Elovainio M, Hakulinen C, Lipsanen J, Hintsanen M, 

Jokela M, Kubzansky LD, Hintsa T, Serlachius A, Laitinen TT, Laitinen T, 
Pahkala K, Mikkilä V, Nevalainen J, Hutri-Kähönen N, Juonala M, Viikari 
J, Raitakari OT, Keltikangas-Järvinen L. Cumulative effect of psycho-
social factors in youth on ideal cardiovascular health in adulthood: the 

Table 4. Sequentially Adjusted Associations of Combined Childhood Psychosocial Adversity and Adult Neighborhood Disadvantage 
With Incident Cardiovascular Disease*

Hazard Ratio (95% CI) Adjusted for

Childhood Adversity, Adult 
Disadvantage

Participants  
(Events), n

Demographic 
Characteristics†

Demographics+Biological  
Risk Factors†

Demographics+Behavioral  
Risk Factors†

Demographics+Biological 
and Behavioral Risk 

Factors

Attenuation, %

Outcome: definite CVD event‡

  Low-low 16 460 (66) 1.00 1.00 1.00 1.00 …

  Low-high 6452 (40) 1.34 (1.01–1.77) 1.32 (1.01–1.74) 1.24 (0.92–1.68) 1.22 (0.93–1.61) 30.5

  High-low 9150 (46) 1.29 (0.93–1.79) 1.27 (0.92–1.77) 1.31 (0.93–1.84) 1.28 (0.92–1.77) 3.6

  High-high 4231 (40) 2.25 (1.39–3.63) 2.13 (1.33–3.43) 1.98 (1.20–3.25) 1.96 (1.22–3.16) 16.6

Outcome: any CVD event§

  Low-low 16 460 (104) 1.00 1.00 1.00 1.00 …

  Low-high 6452 (48) 1.04 (0.81–1.33) 1.01 (0.79–1.29) 0.98 (0.75–1.29) 0.96 (0.76–1.23) 199.2

  High-low 9150 (64) 1.14 (0.87–1.51) 1.13 (0.87–1.47) 1.16 (0.87–1.54) 1.14 (0.86–1.48) 3.7

  High-high 4231 (52) 1.92 (1.26–2.94) 1.81 (1.19–2.76) 1.74 (1.12–2.71) 1.73 (1.14–2.62) 16.4

CI indicates confidence interval; and CVD, cardiovascular disease. 
*From marginal Cox-model approach taking into account the intracluster dependence of individuals residing within the same municipalities.
†Demographic characteristics are age, sex, marital status, and education. Biological risk factors are hypertension, dyslipidemia, diabetes mellitus, and obesity. Behavioral 

risk factors are smoking, high alcohol consumption, and physical inactivity.
‡Cardiovascular disease International Classification of Diseases, 10th Revision codes I20.1, I21 to I22, and I60 to I69.
§Cardiovascular disease International Classification of Diseases, 10th Revision codes I20 to I25 and I60 to I69.

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 28, 2019



378  Circulation  August 4, 2015

Cardiovascular Risk in Young Finns Study. Circulation. 2015;131:245–253.  
doi: 10.1161/CIRCULATIONAHA.113.007104.

 3. Poulton R, Caspi A, Milne BJ, Thomson WM, Taylor A, Sears MR, Moffitt TE.  
Association between children’s experience of socioeconomic disadvan-
tage and adult health: a life-course study. Lancet. 2002;360:1640–1645.  
doi: 10.1016/S0140-6736(02)11602-3.

 4. Kestilä L, Koskinen S, Martelin T, Rahkonen O, Pensola T,  
Pirkola S, Patja K, Aromaa A. Influence of parental education, child-
hood adversities, and current living conditions on daily smoking in 
early adulthood. Eur J Public Health. 2006;16:617–626. doi: 10.1093/
eurpub/ckl054.

 5. Tamayo T, Christian H, Rathmann W. Impact of early psychosocial factors 
(childhood socioeconomic factors and adversities) on future risk of type 
2 diabetes, metabolic disturbances and obesity: a systematic review. BMC 
Public Health. 2010;10:525. doi: 10.1186/1471-2458-10-525.

 6. Slopen N, Non A, Williams DR, Roberts AL, Albert MA. Childhood 
adversity, adult neighborhood context, and cumulative biological risk 
for chronic diseases in adulthood. Psychosom Med. 2014;76:481–489.  
doi: 10.1097/PSY.0000000000000081.

 7. Kivimäki M, Smith GD, Elovainio M, Pulkki L, Keltikangas-Järvinen L, 
Talttonen L, Raitakari OT, Viikari JS. Socioeconomic circumstances in 
childhood and blood pressure in adulthood: the Cardiovascular Risk in 
Young Finns Study. Ann Epidemiol. 2006;16:737–742. doi: 10.1016/j.
annepidem.2006.01.004.

 8. Lawlor DA, Ebrahim S, Davey Smith G; British Women’s Heart and 
Health Study. Socioeconomic position in childhood and adulthood and 
insulin resistance: cross sectional survey using data from British Women’s 
Heart and Health Study. BMJ. 2002;325:805.

 9. Fuller-Thomson E, Dalton AD. Gender differences in the association 
between parental divorce during childhood and stroke in adulthood: find-
ings from a population-based survey. Int J Stroke. 2012;11:1747–4949.

 10. Korkeila J, Vahtera J, Korkeila K, Kivimäki M, Sumanen M, Koskenvuo K,  
Koskenvuo M. Childhood adversities as predictors of incident coronary 
heart disease and cerebrovascular disease. Heart. 2010;96:298–303.  
doi: 10.1136/hrt.2009.188250.

 11. Galobardes B, Smith GD, Lynch JW. Systematic review of the influence 
of childhood socioeconomic circumstances on risk for cardiovascular 
disease in adulthood. Ann Epidemiol. 2006;16:91–104. doi: 10.1016/j.
annepidem.2005.06.053.

 12. Nandi A, Glymour MM, Kawachi I, VanderWeele TJ. Using marginal 
structural models to estimate the direct effect of adverse childhood social 
conditions on onset of heart disease, diabetes, and stroke. Epidemiology. 
2012;23:223–232. doi: 10.1097/EDE.0b013e31824570bd.

 13. Korkeila J, Vahtera J, Nabi H, Kivimäki M, Korkeila K, Sumanen M, 
Koskenvuo K, Koskenvuo M. Childhood adversities, adulthood life 
events and depression. J Affect Disord. 2010;127:130–138. doi: 10.1016/j.
jad.2010.04.031.

 14. Stafford M, Brunner EJ, Head J, Ross NA. Deprivation and the develop-
ment of obesity a multilevel, longitudinal study in England. Am J Prev 
Med. 2010;39:130–139. doi: 10.1016/j.amepre.2010.03.021.

 15. Adams RJ, Howard N, Tucker G, Appleton S, Taylor AW, Chittleborough C,  
Gill T, Ruffin RE, Wilson DH. Effects of area deprivation on health risks 
and outcomes: a multilevel, cross-sectional, Australian population study. 
Int J Public Health. 2009;54:183–192. doi: 10.1007/s00038-009-7113-x.

 16. Merlo J, Ohlsson H, Chaix B, Lichtenstein P, Kawachi I, Subramanian SV.  
Revisiting causal neighborhood effects on individual ischemic heart dis-
ease risk: a quasi-experimental multilevel analysis among Swedish sib-
lings. Soc Sci Med. 2013;76:39–46. doi: 10.1016/j.socscimed.2012.08.034.

 17. Stjärne MK, Fritzell J, De Leon AP, Hallqvist J; SHEEP Study Group. 
Neighborhood socioeconomic context, individual income and myocardial 
infarction. Epidemiology. 2006;17:14–23.

 18. Koopman C, van Oeffelen AA, Bots ML, Engelfriet PM, Verschuren WM,  
van Rossem L, van Dis I, Capewell S, Vaartjes I. Neighbourhood socioeco-
nomic inequalities in incidence of acute myocardial infarction: a cohort study 
quantifying age- and gender-specific differences in relative and absolute 
terms. BMC Public Health. 2012;12:617. doi: 10.1186/1471-2458-12-617.

 19. Deguen S, Lalloue B, Bard D, Havard S, Arveiler D, Zmirou-Navier D.  
A small-area ecologic study of myocardial infarction, neighborhood dep-
rivation, and sex: a Bayesian modeling approach. Epidemiology. 2010;21: 
459–466. doi: 10.1097/EDE.0b013e3181e09925.

 20. Domínguez-Berjón MF, Gandarillas A, Segura del Pozo J, Zorrilla B,  
Soto MJ, López L, Duque I, Marta MI, Abad I. Census tract socioeco-
nomic and physical environment and cardiovascular mortality in the region 
of Madrid (Spain). J Epidemiol Community Health. 2010;64:1086–1093.  
doi: 10.1136/jech.2008.085621.

 21. Brown AF, Liang LJ, Vassar SD, Stein-Merkin S, Longstreth WT Jr, 
Ovbiagele B, Yan T, Escarce JJ. Neighborhood disadvantage and ischemic 
stroke: the Cardiovascular Health Study (CHS). Stroke. 2011;42:3363–
3368. doi: 10.1161/STROKEAHA.111.622134.

 22. Grimaud O, Béjot Y, Heritage Z, Vallée J, Durier J, Cadot E, Giroud M,  
Chauvin P. Incidence of stroke and socioeconomic neighborhood char-
acteristics: an ecological analysis of Dijon stroke registry. Stroke. 
2011;42:1201–1206. doi: 10.1161/STROKEAHA.110.596429.

 23. Halonen JI, Kivimäki M, Pentti J, Kawachi I, Virtanen M, Martikainen P, 
Subramanian SV, Vahtera J. Quantifying neighbourhood socioeconomic 
effects in clustering of behaviour-related risk factors: a multilevel analysis. 
PLoS One. 2012;7:e32937. doi: 10.1371/journal.pone.0032937.

 24. Halonen JI, Vahtera J, Kivimäki M, Pentti J, Kawachi I, Subramanian SV. 
Adverse experiences in childhood, adulthood neighbourhood disadvantage 
and health behaviours. J Epidemiol Community Health. 2014;68:741–746. 
doi: 10.1136/jech-2013-203441.

 25. Kivimäki M, Lawlor DA, Davey Smith G, Kouvonen A, Virtanen M, Elovainio 
M, Vahtera J. Socioeconomic position, co-occurrence of behavior-related 
risk factors, and coronary heart disease: the Finnish Public Sector study. Am 
J Public Health. 2007;97:874–879. doi: 10.2105/AJPH.2005.078691.

 26. Rahkonen O, Lahelma E, Huuhka M. Past or present? Childhood living 
conditions and current socioeconomic status as determinants of adult 
health. Soc Sci Med. 1997;44:327–336.

 27. Statistics Finland. Grid database 2013. http://www.tilastokeskus.fi/tup/
ruututietokanta/index_en.html. Accessed  June 21, 2015.

 28. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, 
Amann M, Anderson HR, Andrews KG, Aryee M, Atkinson C, Bacchus LJ,  
Bahalim AN, Balakrishnan K, Balmes J, Barker-Collo S, Baxter A, Bell ML, 
Blore JD, Blyth F, Bonner C, Borges G, Bourne R, Boussinesq M, Brauer M,  
Brooks P, Bruce NG, Brunekreef B, Bryan-Hancock C, Bucello C,  
Buchbinder R, Bull F, Burnett RT, Byers TE, Calabria B, Carapetis J, 
Carnahan E, Chafe Z, Charlson F, Chen H, Chen JS, Cheng AT, Child JC, 
Cohen A, Colson KE, Cowie BC, Darby S, Darling S, Davis A, Degenhardt L,  
Dentener F, Des Jarlais DC, Devries K, Dherani M, Ding EL, Dorsey ER, 
Driscoll T, Edmond K, Ali SE, Engell RE, Erwin PJ, Fahimi S, Falder G, 
Farzadfar F, Ferrari A, Finucane MM, Flaxman S, Fowkes FG, Freedman G,  
Freeman MK, Gakidou E, Ghosh S, Giovannucci E, Gmel G, Graham K, 
Grainger R, Grant B, Gunnell D, Gutierrez HR, Hall W, Hoek HW, Hogan A,  
Hosgood HD 3rd, Hoy D, Hu H, Hubbell BJ, Hutchings SJ, Ibeanusi SE, 
Jacklyn GL, Jasrasaria R, Jonas JB, Kan H, Kanis JA, Kassebaum N, 
Kawakami N, Khang YH, Khatibzadeh S, Khoo JP, Kok C, Laden F, Lalloo R,  
Lan Q, Lathlean T, Leasher JL, Leigh J, Li Y, Lin JK, Lipshultz SE, London S,  
Lozano R, Lu Y, Mak J, Malekzadeh R, Mallinger L, Marcenes W,  
March L, Marks R, Martin R, McGale P, McGrath J, Mehta S, Mensah GA,  
Merriman TR, Micha R, Michaud C, Mishra V, Mohd Hanafiah K, Mokdad AA,  
Morawska L, Mozaffarian D, Murphy T, Naghavi M, Neal B, Nelson PK,  
Nolla JM, Norman R, Olives C, Omer SB, Orchard J, Osborne R,  
Ostro B, Page A, Pandey KD, Parry CD, Passmore E, Patra J, Pearce N, 
Pelizzari PM, Petzold M, Phillips MR, Pope D, Pope CA 3rd, Powles J, 
Rao M, Razavi H, Rehfuess EA, Rehm JT, Ritz B, Rivara FP, Roberts T, 
Robinson C, Rodriguez-Portales JA, Romieu I, Room R, Rosenfeld LC, 
Roy A, Rushton L, Salomon JA, Sampson U, Sanchez-Riera L, Sanman E,  
Sapkota A, Seedat S, Shi P, Shield K, Shivakoti R, Singh GM, Sleet DA, 
Smith E, Smith KR, Stapelberg NJ, Steenland K, Stöckl H, Stovner LJ, Straif 
K, Straney L, Thurston GD, Tran JH, Van Dingenen R, van Donkelaar A,  
Veerman JL, Vijayakumar L, Weintraub R, Weissman MM, White RA, 
Whiteford H, Wiersma ST, Wilkinson JD, Williams HC, Williams W,  
Wilson N, Woolf AD, Yip P, Zielinski JM, Lopez AD, Murray CJ,  
Ezzati M, AlMazroa MA, Memish ZA. A comparative risk assessment 
of burden of disease and injury attributable to 67 risk factors and risk 
factor clusters in 21 regions, 1990-2010: a systematic analysis for the 
Global Burden of Disease Study 2010. Lancet. 2012;380:2224–2260.  
doi: 10.1016/S0140-6736(12)61766-8.

 29. Guidelines for ATC Classification and DDD Assignment 2012. Oslo, 
Norway: WHO Collaborating Centre for Drug Statistics Methodology; 
2011.

 30. Kivimäki M, Batty GD, Hamer M, Nabi H, Korhonen M, Huupponen R,  
Pentti J, Oksanen T, Kawachi I, Virtanen M, Westerlund H, Vahtera J.  
Influence of retirement on nonadherence to medication for hyper-
tension and diabetes. CMAJ. 2013;185:E784–E790. doi: 10.1503/
cmaj.122010.

 31. Dong M, Giles WH, Felitti VJ, Dube SR, Williams JE, Chapman DP, Anda 
RF. Insights into causal pathways for ischemic heart disease: adverse child-
hood experiences study. Circulation. 2004;110:1761–1766. doi: 10.1161/01.
CIR.0000143074.54995.7F.

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 28, 2019

http://www.tilastokeskus.fi/tup/ruututietokanta/index_en.html
http://www.tilastokeskus.fi/tup/ruututietokanta/index_en.html


Halonen et al  Social Predictors of Cardiovascular Disease  379

 32. Park H, Walton-Moss B. Parenting style, parenting stress, and chil-
dren’s health-related behaviors. J Dev Behav Pediatr. 2012;33:495–503.  
doi: 10.1097/DBP.0b013e318258bdb8.

 33. Nettle D. Large differences in publicly visible health behaviours across 
two neighbourhoods of the same city. PLoS One. 2011;6:e21051.  
doi: 10.1371/journal.pone.0021051.

 34. Hardt J, Rutter M. Validity of adult retrospective reports of adverse child-
hood experiences: review of the evidence. J Child Psychol Psychiatry. 
2004;45:260–273.

 35. Sumanen M, Koskenvuo M, Sillanmäki L, Mattila K. Childhood adver-
sities experienced by working-aged coronary heart disease patients.  
J Psychosom Res. 2005;59:331–335. doi: 10.1016/j.jpsychores.2005.04.005.

CLINICAL PERSPECTIvE
Both adverse childhood experiences (eg, parental divorce, long-term financial difficulties) and adult neighborhood disadvan-
tage have been linked to increased risk of cardiovascular disease. This study found that although childhood adversity and 
adult disadvantage are independently associated with cardiovascular risk factors (eg, smoking, obesity, and hypertension), 
only individuals exposed to both circumstances are at an increased risk of incident cardiovascular disease. This association 
was not fully accounted for by conventional risk factors.
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