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Abstract 

Background: Cardiometabolic health in adulthood is associated with socioeconomic position (SEP) in childhood. 
Although this has been studied by previous research several questions need to be addressed. E.g. knowledge about 
the association with timing, extent of the exposure as well as lifestyle and adult SEP, is essential to address the increas-
ing social gradient in cardiometabolic diseases.

Methods: This study included a sub-sample (N = 264, 50% women, age 28–30) from an ongoing cohort study. We 
used a combination of national registers, longitudinal questionnaire data and clinical data. We examined the associa-
tion between childhood SEP and cardiometabolic risk, measured by a score of multiple risk markers in young adult-
hood. SEP-indicators included mother’s educational level and household income. The association was evaluated by 
four different life course models; the latent effects model, the pathway model, the cumulative model and the social 
mobility model.

Results: We found an inverse association between mother’s educational level and cardiometabolic risk. The associa-
tion was statistically significant evaluated by the pathway and cumulative life course models, however statistically 
insignificant evaluated by the latent effects model. No specific association with social mobility was observed. How-
ever, high adult educational level seems to have a protecting impact on the association. No association was found 
between household income and cardiometabolic risk in any of the applied life course models.

Conclusion: Low childhood SEP, represented by mother’s educational level but not household income, is associated 
with increased cardiometabolic risk in young adulthood. The accumulation of exposure, lifestyle and adult educa-
tional attainment are important for the association. In contrast, intergenerational social mobility does not seem to 
have a specific impact on the association and we find no evidence for a particular timing in childhood.

Keywords: Socioeconomic position, Social mobility, Lifestyle, Life course models, Cardiometabolic diseases, 
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Background
Several studies have found an inverse association 
between socioeconomic position (SEP) in childhood 
and cardiometabolic diseases in adulthood [1–4]. 
However, many studies are cross-sectional, measur-
ing SEP in adulthood at one time-point and assessing 
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childhood SEP by retrospective self-reporting [4–7]. 
Moreover, SEP is a wide-ranging concept measured by 
various indicators, e.g. household income, educational 
attainment or occupation, with different impact and 
potentials for intervention. None of these indicators 
are stationary, and the influence of duration, timing and 
modifiability in the association with later health out-
comes are not fully understood [8].

Four different frameworks try to capture this in life 
course research [9–11]. Investigating multiple life 
course models simultaneously utilizing the same data 
allows for a better comparison of how well each model 
describes the observed association. A simplified illus-
tration of the four life course models are presented in 
Fig. 1.

The latent effects model evaluates certain critical/sensi-
tive periods believed to have either irreversible or highly 
profound impact on the outcome of interest [12, 13]. 
Both early, middle and late childhood are mentioned as 
powerful periods due to neurobiological and social devel-
opmental processes that might influence the individual 
for life [14, 15].

The pathway model evaluates a continuity of circum-
stances from early life onwards. The life course is seen as 
a path where one life circumstance leads to the next as a 
trajectory of (dis) advantage [12, 16]. Not only the initial 
exposure but also later experiences are of interest. All ele-
ments on the path, including behavioural factors, should 
be included when empirically examining this model [9].

The cumulative model evaluates the overall accumula-
tion of exposure across the lifespan, regardless of timing. 

Some researchers describe it as “health capital” that 
influences current and future disease risk [13, 17].

The social mobility model evaluates the effects of inter-
generational social mobility, i.e. moving upwards or 
downwards on the social ladder from one position at 
origin to another at destination. Studies are inconsistent 
and four conflicting theories exist with regard to health 
effects of social mobility; The first suggests negative 
effects of any kind of mobility from increased psychologi-
cal stress due to transition from one position in society 
to another [18]. The second suggests positive effects of 
upward social mobility due to a new sense of control and 
boosting of well-being [19]. The third suggests negative 
health effects of downward mobility due to the stress and 
feeling of unjust that emerge when accepting a new lower 
position [20]. The fourth is the “acculturation thesis” that 
focuses on the ability of mobile individuals to adapt to 
new environments rather than any additional effects of 
mobility per se [21].

The four frameworks thus focus on different conse-
quences of the exposure to low childhood SEP: Specific 
timing of exposure with lasting impact independent of 
later experiences (evaluated by the latent effects model), 
the duration of the exposure independent of timing (eval-
uated by the cumulative model), and the later effects of 
the exposure (evaluated by the pathway model and social 
mobility model). These frameworks are often seen as 
competing models but prior research suggests an inter-
dependent nature of the models and encourages the 
inclusion of multiple models when analysing life course 
perspectives in health [9, 22].

Fig. 1 Simplified illustration of the four life course models
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Furthermore, there is an ongoing debate regarding 
the best way to define measures of cardiometabolic risk 
in young individuals prior to manifest disease [23, 24]. 
Most agree that clusters of specific cardiometabolic 
risk markers tend to co-exist. Consequently, recent 
work recommends the use of multiple risk markers and 
continuous scales to avoid specific thresholds and to 
account for the interplay between different pathologi-
cal domains (e.g. related to inflammation, metabolism, 
dyslipidaemia and thrombosis) [23–25].

In order to fill in gaps in the knowledge identified 
by prior research, this study was conducted to investi-
gate the association between childhood SEP, measured 
prospectively by different indicators, and cardiometa-
bolic disease risk, measured by multiple risk markers 
in young adulthood, within each of the four life course 
frameworks.

Methods
Study population
This study included a sub-sample (N = 264, 50% women, 
age 28–30 years) from the ongoing West Jutland Cohort 
Study (N = 3681). The West Jutland Cohort consists of 
all individuals born in 1989, living in a specific county 
in Denmark in 2004. Participants were invited to fill in 
questionnaires at ages 15, 18, 21 and 28 years. In the lat-
est questionnaire the participants had the opportunity to 
indicate interest in a health examination. If interest was 
indicated, and they had also filled in the initial question-
naire, they were invited into the sub-sample. They were 
invited based on sex and latest self-reported Body Mass 
Index (BMI) to obtain similar numbers in each sex- and 
BMI-group of individuals with normal weight, over-
weight and obesity (BMI < 25, 25–30 and > 30 kg/m2), 
until a total of 264 participants were included (Fig.  2). 
Questionnaire- and clinical data were linked to high-
quality national register data from Statistics Denmark, 

Fig. 2 Flowchart of study population
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to supplement with parental disease history, birth weight 
and different indicators of SEP.

Assessment of socioeconomic position
Childhood SEP was evaluated by two different indica-
tors; mother’s highest level of education and house-
hold income, representing psychosocial and material 
resources, respectively. Data on mother’s education was 
derived from educational registers and categorized into 
primary, secondary or tertiary education (≤10, 11–13 
and > 13 years) at participant’s ages 5, 10 and 14 years 
[26]. Household income was defined as annual equiv-
alised disposable income, which is a weighted scale tak-
ing the size and distribution of family members into 
account. This data was derived from the Income Statis-
tics Register provided by Statistics Denmark. We aver-
aged the mean of each year when data was available for 
at least 3 years in each period at participant’s ages 0–5, 
6–10 and 11–15 years. We categorized the variable into 
low, medium and high household income at the 33.3rd 
and 66.6th percentiles of the entire West Jutland Cohort 
Study population.

Adult SEP was defined as participant’s highest level of 
education at age 28  and categorized into primary, sec-
ondary or tertiary education (≤10, 11–13 and > 13 years) 
using data from educational registers [26].

SEP mobility was defined as upward, downward or 
immobile when adult SEP was above, below or the same 
as childhood SEP.

Definition of exposure
The latent effects model: SEP was assessed at age 0–5, 
6–10 and 11–15 years, representing early childhood, 
middle childhood and late childhood as defined in previ-
ous research [22]. We evaluated all age-periods by both 
SEP-indicators knowing that high educational level of 
the mother in early childhood remains high in late child-
hood. However, the findings of the specific periods might 
be of relevance for comparison in future studies.

The pathway model: SEP was assessed at age 
11–15 years and adult SEP at age 28 years. Lifestyle 
included physical activity and smoking status.

The cumulative model: SEP was assessed as a score 
summarizing the periods in the latent effects model 
and the participants own SEP at age 28 years. The score 
ranged from 0 to 8 where higher scores indicate greater 
exposure to low SEP. Results are presented as regression 
coefficients as well as categories of the level of exposure.

The social mobility model: Childhood SEP was assessed 
at age 11–15 years and adult SEP at age 28 years.

Assessment of cardiometabolic risk
The health examinations were performed from April 
2018 to December 2019 [27]. Fasting blood samples 
were analysed at the central laboratory, Aarhus Univer-
sity Hospital and supplemented with Interleukin-6 ana-
lysed at BioXpedia (Aarhus, Denmark) using Meso Scale 
Diagnostics Technology V-plex human pro-inflammatory 
panel 1.

Definition of outcome
The biomarkers used to define cardiometabolic risk were 
defined a priori and represent markers of inflammation, 
hypertension, glucose metabolism and lipid status and 
included: High-sensitive CRP, interleukin-6, fibrinogen, 
systolic and diastolic blood pressure, insulin, glucose, 
high-density lipoprotein cholesterol and triglycerides. To 
include potential synergistic effects of different biological 
domains influencing disease risk, a continuous scale of 
cardiometabolic risk (CMR) was constructed. A continu-
ous scale is statistically more sensitive and less prone to 
error compared to dichotomous data [28].

The nine cardiometabolic biomarkers used in the CMR 
score were standardized (inflammatory markers on the 
log-scale) to eliminate risk of unequal variance, and 
sample-weights, represented by latest self-reported BMI-
group, were applied. The standardized scores were gener-
ated for each sex separately and summarized within each 
biological domain. The mean values of the four domains 
were then summarized and standardized to create CMR. 
Prior to standardization, we multiplied the values of 
high-density lipoprotein cholesterol by − 1 to account 
for the inverse association with disease risk. Two partici-
pants with diabetes mellitus type 1 were excluded from 
the glucose metabolism domain but included in the over-
all CMR score.

Assessment of additional variables
Physical activity was derived from questionnaires at ages 
15, 18, 21 and 28. For each age-point we dichotomised 
the variable according to the recommended level of phys-
ical activity for Danish adolescents (1 h/day) and adults 
(30 min/day), respectively [29]. If the participant was 
missing one response this was replaced with the mean 
value of the three available responses. The values across 
all years were summarized to a scale ranging from 0 to 
4, where higher scores indicate higher levels of physical 
activity.

Smoking was categorized into current, former or never 
smoker at age 28–30 years.

Parental disease history was evaluated by the par-
ticipants in a questionnaire received prior to the health 
examination. These data were supplemented with reg-
ister data from the Danish National Patient Register on 
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cardiometabolic diagnoses from public hospitals. The 
diagnoses included diabetes mellitus, ischemic heart 
disease, acute myocardial infarction, atherosclerosis and 
stroke. The information was dichotomized into none or 
some if either of the parents had information on disease 
history. The variable was split into “parent with diabetes” 
and “parent with cardiovascular disease” depending on 
the specific diagnoses.

Birth weight was derived from the Danish Medical 
Birth Register that includes all national hospital- and 
homebirths [30]. It was categorized into high, normal 
and low (≥4500, 2500–4500 and < 2500 g) according to 
national guidelines.

Statistical analyses
All analyses were performed with STATA software ver-
sion 16.0 (STATA corporation, College Station, Texas).

Initially, descriptive statistics were performed. The dis-
tribution of CMR, the four biological domains included 
in CMR, parental cardiometabolic disease history and 
lifestyle factors were presented by SEP categories in late 
childhood and young adulthood as mean (standard devi-
ation) for continuous measures and number (percent-
age) for categorical measures. The correlation between 
educational level of the mother in late childhood and 
adulthood educational level was evaluated by Spear-
man’s rank order correlation coefficient. Multiple linear 
regression models were fitted to estimate the association 
between childhood SEP and CMR by the latent effects, 
cumulative and pathway models as described in previ-
ous research [10]. We applied inverse probability-weights 
to the regression analyses to account for the sampling 
by BMI and sex. The models were checked by diagnostic 
plots of the residuals. We furthermore evaluated a poten-
tial effect measure modification of sex by including an 
interaction term in all models. As no significant interac-
tions were found, all analyses were performed with both 
sexes together, adjusted for sex, birth weight and paren-
tal cardiometabolic disease history. When analysing 
social mobility, conventional linear regression models, 
including childhood SEP, adult SEP and mobility effects, 
cause potential problems due to multi-collinearity since 
the mobility per definition is measured by the differ-
ence between childhood and adult SEP. To take this into 
account we used diagonal reference models (DRM) to 
evaluate the distinct effects of social mobility on CMR, 
and further included birth weight, sex and parental dis-
ease history in the model. A detailed description of the 
equation used in DRM is to be found elsewhere [31]. 
However, DRM is specifically designed to disentangle 
social mobility in order to respect that outcome (meas-
ured by CMR) may be affected by both the origin (child-
hood SEP), destination (adult SEP) and the mobility itself 

[31, 32]. Furthermore, DRM estimates the relative weight 
of destination and origin. The measure is between 0 and 
1. Hence a weight of 50% implies that origin and desti-
nation are equally important with regard to the outcome 
measure. Additionally, the four life course models were 
evaluated with respect to each of the biological domains 
included in the CMR score. The results concerning each 
distinct biological domain were presented in supplemen-
tary Tables S. 1–4.

Evaluating life course models
The latent effects model: The model suggests that latent 
effects from exposure to low SEP at specific periods in 
childhood remain, irrespective of later SEP. The model is 
supported if childhood SEP is inversely associated with 
CMR after adjustment for adult SEP at any of the three 
periods in childhood [10].

The pathway model: The model suggests indirect effects 
of childhood SEP through later experiences. The model is 
supported if childhood SEP is inversely associated with 
CMR prior to adjustment for lifestyle factors and adult 
SEP, and attenuated after this adjustment [10].

The social mobility model: The model suggests specific 
effects of either upward or downward social mobility. 
The model is supported if systematic differences remain 
in measures of CMR in social mobile individuals as com-
pared to immobile individuals [31].

The cumulative model: The model suggests effects of 
the accumulation of exposure to low SEP throughout the 
life course. The model is supported if the indicators of 
SEP summarized throughout the life course are inversely 
associated with CMR [10]. The model is evaluated by a 
sum score of socioeconomic position in childhood (early, 
middle, late) and adulthood (age 28 years).

Results
Descriptive statistics are presented in Table  1. As illus-
trated, a total of 264 individuals (aged 28–30 years, 50% 
women) participated in the health examination. There 
were no statistical significant differences with regard to 
participant’s lifestyle in the SEP-stratified groups. How-
ever, more from high childhood SEP were currently 
non-smokers and more often attained the recommended 
level of physical activity as compared to those from low 
SEP. The mean levels of CMR were higher in the groups 
with low childhood or adulthood SEP as compared to 
the groups with high SEP. Investigating the four bio-
logical domains separately, there was an inverse associa-
tion between each domain and adult SEP, however, only 
the inflammatory domain was statistically significant 
inversely associated with childhood SEP, whereas the 
remainders showed minor differences across childhood 
SEP strata. Correlations between educational level of the 
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mother in late childhood and adulthood educational level 
were rather weak with a Spearman’s rho of 0.22.

Life course models
Results from the adjusted analyses of mother’s educa-
tional level and CMR evaluated by each of the four life 
course models are presented below and in Table 2. Crude 
estimates are presented in supplementary Table S. 5.

The latent effects model
Evaluating the association between childhood SEP and 
CMR by the latent effects model, no statistically signifi-
cant differences between those growing up in families 
with high SEP and those growing up in families with 
average or low SEP were observed. However, there was a 
tendency towards increased levels of CMR among those 
in the low SEP stratum compared to those in the average 
or high SEP strata. The results were similar in early, mid-
dle and late childhood.

The pathway model
Evaluating the association between childhood SEP and 
CMR by the pathway model, we found statistically sig-
nificant increased CMR among those growing up in 
families with low SEP compared to those with average or 

high SEP. The estimates were attenuated after adjustment 
for lifestyle and adult SEP, thus supporting the pathway 
model.

The social mobility model
Evaluating the association between intergenerational 
social mobility and CMR by DRM, we found the weight 
of destination to be greater than that of origin (74% vs. 
26%, standard error 0.15).

We found no separate association with neither upwards 
or downwards mobility and CMR.

The cumulative model
Evaluating the association between accumulated expo-
sure to low SEP and CMR, we found the greatest mean 
CMR among those with the greatest exposure to low SEP. 
This association remained statistically significant in the 
adjusted analysis.

Evaluating the association between household income 
and CMR, we found no associations in any of the 
adjusted life course models (Table 3).

Discussion
The main finding of this study was that children growing 
up in families with low SEP, measured by mother’s high-
est level of education, are at greater risk of developing 

Table 1 Distribution of participants, cardiometabolic risk and additional variables by mother’s and own educational level

Abbreviations: CMR Cardiometabolic risk

Data are presented as mean (SD) for continuous measures, and n (%) for categorical measures. P-values are conducted from ANOVA for continuous measures and 
Pearson’s chi-squared test for categorical measures for questionnaire and clinical data. *P < 0.05 compared to “High” (bold text), **P < 0.001 compared to “High” (bold 
text)
a Number of questionnaire rounds with recommended level of physical activity
b Standardized values, with sample-weights applied

N Mother’s educational level, late childhood N Participant educational level, age 28

High Average Low High Average Low

Total, participants 259 81 (31%) 115 (45%) 63 (24%) 264 164 (62%) 78 (30%) 22 (8%)

 Men 130 50 (38%) 52 (40%) 28 (22%) 132 72 (54%) 47 (36%) 13 (10%)

 Women 129 31 (24%) 63 (49%) 35 (27%) 132 92 (70%) 31 (23%) 9 (7%)

Current smoker 8 (10%) 21 (18%) 12 (19%) 16 (10%) 22 (28%)* 5 (23%)

Physical activity (a) 234 236

 0–2 54 (71%) 78 (76%) 44 (80%) 113 (73%) 52 (79%) 12 (80%)

 3–4 22 (29%) 25 (24%) 11 (20%) 42 (27%) 14 (21%) 3 (20%)

Parent with diabetes 259 9 (11%) 15 (13%) 15 (24%)* 264 19 (12%) 18 (23%)* 3 (14%)

Parent with cardiovascu-
lar disease

259 26 (32%) 28 (24%) 23 (37%) 264 46 (28%) 26 (33%) 6 (27%)

CMR (b) 259 0.1 (0.9) 0.1 (1.1) 0.5 (0.9)* 264 0.0 (1.0) 0.5 (1.0)** 0.8 (1.2)**
Biological domains of CMR (b)
 Inflammation 259 0.1 (1.0) 0.1 (1.0) 0.6 (1.0)** 264 0.1 (1.0) 0.5 (1.0)* 0.5 (1.1)

 Lipid status 259 0.1 (0.8) 0.1 (1.1) 0.4 (1.0) 264 0.0 (0.9) 0.5 (0.9)** 0.5 (1.5)*
 Glucose metabolism 257 0.1 (1.0) 0.1 (1.2) 0.2 (0.9) 262 0.1 (1.0) 0.3 (1.2) 0.6 (1.2)*
 Hypertension 259 0.1 (1.0) 0.0 (1.0) 0.2 (0.8) 264 0.0 (0.9) 0.2 (0.9) 0.7 (1.1)**
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cardiometabolic diseases later in life, evaluated by a scale 
of cardiometabolic risk markers at ages 28–30 years. 
Concerning different life course models evaluating the 
association, we found support for the pathway and the 
cumulative life course models. Moreover, we found a sta-
tistically insignificant tendency towards increased cardi-
ometabolic risk among those from low SEP evaluated by 
the latent effects model. This tendency was independent 
of the timing of the exposure in childhood. We found no 
separate association with intergenerational social mobil-
ity. However, we found basis for a protective effect of 
higher adult SEP, represented by educational attainment 
at age 28 years.

The current study is not the first to address the asso-
ciation between childhood SEP and later cardiometa-
bolic risk by different life course models. Our findings 
are in line with former research showing that accumu-
lated SEP across the life span is the best fitting life course 
model concerning adult health [9, 33]. However, most of 
the studies do not evaluate the pathway model. This was 
however evaluated by a study from the 1958 British Birth 
Cohort [34]. They found an inverse association between 
childhood SEP and allostatic load at age 44. They fur-
thermore demonstrated that the most important indirect 

pathway was through participants own educational 
attainment followed by lifestyle factors.

Evaluating intergenerational social mobility, our study 
did not find a separate association with adult cardiomet-
abolic health. However, we found the association with 
adult SEP to be greater than childhood SEP. These find-
ings are in line with the acculturation thesis, stating that 
mobile individuals absorb their new surroundings and 
thus have greater impact from the destination than the 
origin [21]. A recent study by Savitsky et al. investigated 
social mobility by self-reported parental and adult occu-
pation and education (N = 1132) [35]. Outcome measures 
included anthropometry and traditional risk markers at 
age 32. The study pointed to adverse cardiometabolic 
outcome among downward and (mainly) upward mobile 
individuals. This was in contrast to the findings of the 
current study and displays the inconsistency within the 
social mobility literature. As opposed to the outcome 
measure of the current study Savitsky et  al. did not 
include any markers of inflammation. Furthermore, the 
study used linear regression models to investigate the 
associations as opposed to the DRM used in the current 
study which might partly explain the different findings.

Some inconsistency does exist with regard to evalu-
ating the association between childhood SEP and later 

Table 2 The association between mother’s educational level and cardiometabolic risk in young adulthood evaluated by four life 
course models

SEP Socioeconomic position
a Adjusted for sex, birth weight and parental cardiometabolic diseases

Adjusted cardiometabolic risk score (95% confidence interval)a

N Mother’s highest educational level

High Average Low

The latent effects model
 Early childhood 246 Base level −0.2 (− 0.5;0.1) 0.2 (− 0.1;0.6)

 Middle childhood 246 Base level −0.2 (− 0.5;0.1) 0.3 (− 0.1;0.6)

Late childhood 249 Base level −0.2 (− 0.5;0.1) 0.3 (− 0.1;0.6)

 The pathway model
 Prior to adjustment for lifestyle and adult SEP 249 Base level −0.1 (− 0.4;0.2) 0.4 (0.1;0.7)
 After adjustment for lifestyle and adult SEP 227 Base level −0.2 (− 0.5;0.1) 0.3 (− 0.1;0.6)

 The social mobility model 249

 Adult educational level: High −0.1 (− 0.9;0.7) 0.0 (− 0.8;0.8) 0.0 (− 0.8;0.9)

 Adult educational level: Average 0.3 (−0.6;1.1) 0.3 (−0.5;1.1) 0.4 (− 0.4;1.2)

 Adult educational level: Low 0.7 (− 0.2;1.5) 0.7 (− 0.1;1.6) 0.8 (− 0.1;1.8)

 Separate upward mobility coefficient −0.3 (− 0.8;0.2)

 Separate downward mobility coefficient −0.1 (− 0.6;0.5)

 The cumulative model 246

 Regression coefficient 0.1 (0.0;0.1)
 0–2 Base level
 3–5 −0.1 (−0.4;0.2)

 6–8 0.5 (0.1;0.8)
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cardiometabolic diseases in a life course perspective. 
Some of this inconsistency rely on different inter-
pretations of the life course, i.e. different life course 
models and different interpretations of each model, 
and furthermore the use of different SEP-indicators. 
For instance, one approach is to evaluate the associa-
tion after adjustment for traditional confounders (e.g. 
smoking and physical activity), thus neglecting to see 
these factors as downstream effects of childhood SEP 
as suggested by the pathway model [9]. Evaluating 
the association between childhood SEP and cardio-
metabolic health by another SEP indicator, household 
income, we found no association regardless of the 
applied life course model. This is of interest as the two 
SEP indicators represent different aspects of SEP. The 
former representing psychosocial aspects and the lat-
ter material resources [8]. In contrast to the findings of 
the current study a very recent study by Najmal et  al. 
investigated the association between family poverty 
(income) and traditional cardiometabolic risk markers 
in young adulthood (N = 1297) [36]. They found statis-
tically significant increased risk for women with family 
poverty as compared to those without. They found no 
association for men. The negative findings concerning 

income in the current study might be explained by the 
study context in a Danish welfare society with a high 
degree of social security. However, the link between 
educational level and cardiometabolic health remains 
largely unexplained. Is educational attainment protec-
tive due to better cognitive skills, greater knowledge 
and increased awareness about e.g. healthy lifestyle and 
public preventive strategies, also known as health liter-
acy [37, 38]? Or is educational level also an indicator of 
other factors in childhood that influence both cardio-
metabolic health and educational attainment such as 
network, stress, parenting styles etc. [39]? Our descrip-
tive results revealed increased inflammatory markers 
in those growing up in families with low SEP. Grow-
ing evidence suggests an association between various 
psychosocial stressors and low-grade inflammation [6, 
40, 41]. This could indicate a potential link that needs 
attention in future research.

Strengths and limitations
Some limitations need to be addressed. Since this study 
is based on a sub-sample of a youth cohort, attrition 
and selection might bias the results. We applied prob-
ability weights in all regression-analyses and to the 
outcome measure to account for the sampling by sex 

Table 3 The association between household income in childhood and cardiometabolic risk in young adulthood evaluated by four life 
course models

SEP Socioeconomic position
a Adjusted for sex, birth weight and parental cardiometabolic diseases

N Adjusted cardiometabolic risk score (95% confidence interval)a

Household income

High Average Low

The latent effects model
 Early childhood 252 Base level −0.1 (−0.4;0.3) 0.0 (− 0.3;0.3)

 Middle childhood 251 Base level −0.2 (− 0.5;0.1) −0.1 (− 0.4;0.3)

 Late childhood 249 Base level 0.1 (− 0.2;0.4) − 0.1 (− 0.5;0.2)

The pathway model
 Prior to adjustment for lifestyle and adult SEP 249 Base level 0.0 (−0.3;0.3) − 0.1 (− 0.5;0.3)

 After adjustment for lifestyle and adult SEP 224 Base level 0.0 (−0.3;0.3) −0.3 (− 0.7;0.1)

The social mobility model 249

 Adult educational level: High 0.0 (−0.9;0.8) −0.1 (− 0.9;0.7) −0.1 (− 0.9;0.7)

 Adult educational level: Average 0.4 (−0.4;1.2) 0.4 (−0.4;1.2) 0.4 (− 0.4;1.2)

 Adult educational level: Low 0.8 (−0.2;1.7) 0.7 (−0.2;1.6) 0.7 (− 0.2;1.6)

Separate upward mobility coefficient −0.5 (−1.2;0.1)

Separate downward mobility coefficient −0.2 (− 0.9;0.5)

The cumulative model 248

 Regression coefficient 0.0 (0.0;0.1)

 0–2 Base level
 3–5 0.1 (−0.2;0.4)

 6–8 0.0 (− 0.4;0.4)
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and BMI-group. Respondents to the questionnaires 
and participants in the health examination had higher 
SEP as compared to the source population [27, 42]. 
Unfortunately, it is not possible to know whether this 
selection was associated with cardiometabolic health 
and thus inducing differential selection bias. Previous 
research indicates that participation in studies is more 
likely with better health [43]. If this is the case in our 
study, the selection might have attenuated the results. 
The association between childhood SEP and cardio-
metabolic risk was investigated by a score of multiple 
biomarkers in a population of young adults prior to 
the development of manifest diseases. It is uncertain 
to what degree this score translates into clinical dis-
eases. However, all biomarkers included in the score 
were known risk markers of cardiometabolic diseases 
and the approach has been used in a similar manner in 
previous studies [44–46]. Testing multiple life course 
models simultaneously might introduce the risk of 
false-positive conclusions (Type 1 error). Since all of 
the life course models were pre-established hypoth-
esis we decided to avoid the risk of false-negative con-
clusions (Type 2 error) which could be introduced by 
applying a more restrictive approach of e.g. multiple 
hypothesis adjustment of the results [47]. However, 
adding Bonferroni correction did not change any of the 
overall conclusions.

The main strength of our study is the use of high qual-
ity registers in combination with longitudinal question-
naire information and a comprehensive panel of clinical 
biomarkers. This facilitated the empirical exploration of 
childhood SEP and cardiometabolic risk by all four life 
course models in addition to different SEP-indicators.

We used continuous scales of interrelated cardiomet-
abolic risk markers rather than arbitrary cut-off values. 
This was done to respect the potential of synergistic 
effects of different biological domains influencing dis-
ease risk. Furthermore, investigating the impact of SEP 
prior to manifest diseases has the advantage of reduc-
ing potential epidemiological challenges due to bias 
from differences across SEP in relation to e.g. health 
care utility, healthcare provider bias and adherence to 
treatment [45]. Furthermore, some of the inconsistency 
in the social mobility literature might be explained by 
methodological and analytical challenges and the use of 
DRM is seen as a strength of this study [31].

Conclusion
In conclusion, this study strengthens the evidence for an 
overall association between the educational level of the 
mother and cardiometabolic risk in young adulthood. We 
found empirical support for the cumulative and pathway 
life course models. We found no specific timing across 

three different periods in childhood and no specific asso-
ciation with intergenerational social mobility. These find-
ings emphasize the need to understand the underlying 
pathophysiological mechanisms as dynamic in nature 
and that improved cardiometabolic health can be gained 
throughout different developmental periods increasing 
the possibility for interventions. Improved understanding 
of the association with regard to health literacy, psycho-
social stressors and dysregulated physiology is critical to 
inform policy makers and improve cardiometabolic pre-
vention to support the continuing health of all children.
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