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BACKGROUND: Childhood exposure to dyslipidemia is associated with adult atherosclerosis, but it is unclear whether the long-
term risk associated with dyslipidemia is attenuated on its resolution by adulthood. We aimed to address this question by 
examining the links between childhood and adult dyslipidemia on carotid atherosclerotic plaques in adulthood.

METHODS AND RESULTS: The Cardiovascular Risk in Young Finns Study is a prospective follow-up of children that began in 
1980. Since then, follow-up studies have been conducted regularly. In 2001 and 2007, carotid ultrasounds were performed on 
2643 participants at the mean age of 36 years to identify carotid plaques and plaque areas. For childhood lipids, we exploited 
several risk factor measurements to determine the individual cumulative burden for each lipid during childhood. Participants 
were categorized into the following 4 groups based on their childhood and adult dyslipidemia status: no dyslipidemia (refer-
ence), incident, resolved, and persistent. Among individuals with carotid plaque, linear regression models were used to study 
the association of serum lipids with plaque area. The prevalence of plaque was 3.3% (N=88). In models adjusted for age, sex, 
and nonlipid cardiovascular risk factors, the relative risk for carotid plaque was 2.34 (95% CI, 0.91–6.00) for incident adult 
dyslipidemia, 3.00 (95% CI, 1.42–6.34) for dyslipidemia resolved by adulthood, and 5.23 (95% CI, 2.57–10.66) for persistent 
dyslipidemia. Carotid plaque area correlated with childhood total, low-density lipoprotein, and non–high-density lipoprotein 
cholesterol levels.

CONCLUSIONS: Childhood dyslipidemia, even if resolved by adulthood, is a risk factor for adult carotid plaque. Furthermore, 
among individuals with carotid plaque, childhood lipids associate with plaque size. These findings highlight the importance of 
primordial prevention of dyslipidemia in childhood to reduce atherosclerosis development.
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Atherosclerosis develops slowly during the lifespan, 
and it takes decades for the clinical outcomes of  
 atherosclerotic cardiovascular disease (ASCVD), 

such as myocardial, cerebral, or peripheral ischemic 
syndrome, to emerge.1 However, despite the progress 
made in identifying the causes and effective treatment 
of ASCVD, it remains a major cause of morbidity and 
mortality worldwide.2

Exposure to cardiovascular risk factors in childhood 
is associated with preclinical markers of ASCVD and 
cardiovascular events observed in adulthood.3–5 By 
using 1 such preclinical marker, common carotid artery 
intima-media thickness (IMT) measured in adulthood, it 
has been shown that the association of childhood car-
diovascular risk factors can be largely reversed by re-
solving the status of these risk factors by adulthood.6–8 
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The data from these studies suggest that the risk of 
later life ASCVD associated with exposure to risk fac-
tors in childhood (such as being overweight and obe-
sity, elevated blood pressure, and dyslipidemia) are 
not sustained provided the risk factors are resolved by 
adulthood. However, thickening of the common carotid 
IMT might not be entirely specific for the development 
of atherosclerosis as it might additionally reflect arterial 
medial hypertrophy.9,10

Instead, carotid artery plaque and plaque area are 
considered highly specific phenotypes of active ath-
erosclerosis that are strongly associated with clinical 
ASCVD outcomes.10–15 We previously demonstrated in 
the Cardiovascular Risk in Young Finns (Young Finns) 
Study cohort that long-term cumulative exposure to 
cardiovascular risk factors in childhood, including dys-
lipidemia, blood pressure, and smoking, are associ-
ated with carotid artery plaque in mid-adulthood.4 In 
this study, we aimed to extend these findings by ex-
amining if the resolution of dyslipidemia in the time be-
tween childhood and adulthood was associated with 
lower or attenuated risk of carotid plaque in adulthood. 
We also examined the association between childhood 
and adulthood serum lipid levels and carotid plaque 
area.

METHODS
Data access may be permitted on a case-by-case 
basis on request only. Data sharing outside the 

group is done in collaboration with the Young Finns 
Study group and requires a data-sharing agreement. 
Investigators can submit an expression of interest to 
the chairman of the Young Finns Study steering group 
(Professor Olli T. Raitakari, University of Turku, Turku, 
Finland).

Study Population
The Young Finns Study is an ongoing follow-up that 
initially aimed to study the association of childhood 
ASCVD risk factors and their determinants. The ongo-
ing follow-up of the cohort into adulthood has allowed 
an extension of the original aim to examine childhood 
factor associations with adult ASCVD risk and other 
outcomes. The Young Finns Study was conducted in 
5 Finnish cities with medical schools (Helsinki, Kuopio, 
Oulu, Tampere, Turku) and their surrounding rural 
areas. In 1980, 4320 children aged 3, 6, 9, 12, 15, 
and 18 years were randomly chosen from the national 
population register of these areas and were invited to 
participate in the study. Of those invited, 3596 children 
participated in the first cross-sectional field study.16 
Since then, follow-up studies have been conducted 
in 1983, 1986, 1989, 1992, 2001, 2007, and 2011.17 
A flowchart for the Young Finns Study is provided in 
Table  S1. Adulthood cardiovascular risk factors and 
carotid ultrasound data were collected in the 2001 
and 2007 follow-ups when 2620 and 2243 individuals 
participated, respectively. During these 2 follow-ups, 
participants were aged 24 to 45 years. Childhood and 
adulthood dyslipidemia and carotid ultrasound data 
were available for 2643 participants, constituting the 
sample size for this study (complete case analysis). 
The study protocol was approved by locally appointed 
ethics committee, and the study was performed ac-
cording to the Declaration of Helsinki. Written informed 
consent was obtained from all participants or their 
parents.

Cardiovascular Risk Factors
Standard methods were used to define total cho-
lesterol and triglyceride concentrations from fasting 
blood samples.18 The Friedewald formula was used 
to indirectly calculate low-density lipoprotein (LDL) 
cholesterol.19 Because of high triglyceride levels, the 
Friedewald formula could not be applied to 57 adults. 
However, based on elevated triglyceride levels, these 
participants were classified as having dyslipidemia in 
adulthood. All childhood triglyceride levels were within 
acceptable limits to be included in the Friedewald 
formula for the calculation of childhood LDL choles-
terol. High-density lipoprotein (HDL) cholesterol was 
analyzed after precipitation of very-low-density lipo-
protein and LDL with dextran sulphate 500 000. Non-
HDL cholesterol was calculated as total cholesterol 

CLINICAL PERSPECTIVE

What Is New?
•	 Childhood dyslipidemia, even if resolved by 

adulthood, is a risk factor for adult carotid ath-
erosclerotic plaque.

•	 Childhood cholesterol levels have a stronger as-
sociation on carotid plaque area than contem-
porary cholesterol levels.

What Are the Clinical Implications?
•	 The results emphasize the role of childhood 

exposures for adult cardiovascular health and 
suggest the importance of primordial preven-
tion targeted to lipids from an early age as sub-
sequent prevention left to adulthood is likely to 
be too late to limit the risk that has accumulated 
earlier in life.

Nonstandard Abbreviation and Acronym

IMT	 intima-media thickness
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minus HDL cholesterol. Systolic blood pressure was 
measured in 1980 with an ultrasound scanning de-
vice (Arteriosonde 1020, Roche) in participants aged 
3 years. For all other participants, blood pressure was 
measured with a standard mercury sphygmomanom-
eter in 1980 and 1983 and from 1986 onward with a 
random-zero sphygmomanometer. At each visit, blood 
pressure was measured 3 times. The average of these 
3 measurements was used in the analyses. Body mass 
index (BMI) was calculated as weight in kilograms di-
vided by the square of height in meters. Information 
on smoking habits and family history of coronary heart 
disease (CHD) were collected using self-report ques-
tionnaires. Information on childhood smoking habits 
was collected from participants aged 12 to 18 years. 
If the participant was aged <12 years, information 
on smoking habits was collected in the subsequent 
follow-ups. Childhood smoking status was defined 
as positive if the participant indicated that he or she 
had ever smoked daily between the ages of 12 and 
18 years. Adulthood smoking status was defined as 
positive if the participant indicated that he or she was 
currently smoking daily. Information on family history of 
CHD was collected during the 2001 and 2007 follow-
ups. Family history was classified as positive if the par-
ticipant indicated that their father or mother had been 
diagnosed with CHD, experienced myocardial infarc-
tion, or had percutaneous coronary intervention or 
coronary bypass surgery performed at age <55 years. 
In the 2007 questionnaire, the mother’s age was raised 
to <65 years.

Area Under the Curve—Childhood Risk 
Factor Cumulative Burden
At the time of the first field study, participants were 
aged 3 to 18 years. During puberty, there is a signifi-
cant decrease in serum lipid levels,18,20 thus 1980 lipid 
baseline values measured at different age points were 
not comparable with each other. To obtain compara-
ble childhood lipid levels for participants, we used the 
area under the curve (AUC) method, which allowed us 
to determine the individual cumulative burden for each 
serum lipid during childhood. The method used to cre-
ate AUC variables is explained in detail in Data S1. In 
brief, we exploited several risk factor measurements 
from 1980 to 2011 to calculate the AUC separately for 
each serum lipid as well as blood pressure and BMI. 
First, participant-specific curves for the cardiovascular 
risk factors were estimated by mixed-model regression 
splines.21 Then, similar to the approach of Lai et al,22 
AUCs were evaluated for each cardiovascular risk 
factor as a measure of risk factor cumulative burden. 
AUC variables were defined for the age period of 6 to 
18 years, indicating the individual cumulative burden 
for the risk factor in childhood (Figure S1).

For adulthood, risk factor measurements and ca-
rotid ultrasound data from a single time point, either 
2001 or 2007, was used; if carotid artery plaque was 
present in the 2001 ultrasound or if the individual did 
not participate in the 2007 field study, then risk fac-
tor and carotid ultrasound data from 2001 were used. 
Otherwise, risk factors and carotid ultrasound data 
from 2007 were used. This approach enabled the 
comparison of childhood risk factors with those col-
lected at the time of the carotid imaging.

Dyslipidemia Classification
To study the associations of change in dyslipidemia 
status from childhood to adulthood with the risk of hav-
ing carotid plaque, both childhood and adulthood lipids 
were classified according to clinical practice guidelines. 
Cutoff values comparable with childhood AUC varia-
bles were calculated by using guideline-based cutoffs 
of total cholesterol ≥200 mg/dL (5.17 mmol/L), LDL cho-
lesterol ≥130 mg/dL (3.36 mmol/L), non-HDL cholesterol 
≥145 mg/dL (3.75 mmol/L), and triglycerides ≥100 mg/
dL (1.13 mmol/L) for ages ≤9 years and ≥130 mg/dL 
(1.47 mmol/L) for ages 10 to 18 years, and HDL choles-
terol <40 mg/dL (1.03 mmol/L).20 Childhood lipids were 
classified as dyslipidemia if the cumulative burden of 
any lipid exceeded or in the case of HDL cholesterol 
was below the comparable cutoff value. Adulthood 
dyslipidemia was defined using guideline-based cut-
offs of total cholesterol ≥240 mg/dL (6.21 mmol/L), LDL 
cholesterol ≥160 mg/dL (4.14 mmol/L), non-HDL choles-
terol ≥190 mg/dL (4.91 mmol/L), triglycerides ≥200 mg/
dL (2.26 mmol/L), and HDL cholesterol <40 mg/dL 
(1.03 mmol/L).23 Adulthood lipids were classified as 
dyslipidemia if any lipid exceeded or in case of HDL 
cholesterol was below the comparable cutoff value. 
Participants self-reporting the current use of lipid-
lowering medication were considered as having dys-
lipidemia. Altogether, there were 43 participants who 
were taking lipid-lowering medication in adulthood.

For the comparison of risk for having carotid plaque, 
participants were categorized into 4 groups based on 
their dyslipidemia status in childhood and in adulthood. 
Group I included participants who did not have dyslip-
idemia in childhood and in adulthood, group II included 
those who did not have dyslipidemia in childhood but 
had dyslipidemia in adulthood, group III included par-
ticipants who had dyslipidemia in childhood but did 
not have dyslipidemia in adulthood, and group IV con-
sisted of those who had dyslipidemia both in childhood 
and in adulthood.

Carotid Plaque and Carotid Plaque Area
Carotid ultrasound studies were performed in the 2001 
and 2007 follow-ups on the left common carotid ar-
tery and carotid bifurcation using B-mode ultrasound 
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(Sequoia 512; Acuson) with a 13.0 MHz linear-array 
transducer according to a standardized protocol.24 
Digitally stored images were scanned for the exist-
ence of carotid plaques, defined as focal thickenings 
of the arterial wall protruding into the lumen >50% 
compared with the adjacent IMT.25 Carotid plaque 
area was measured from the longitudinal view at the 
end-diastolic (incident with the R wave on a continu-
ously recorded ECG) still frame. Plaque lumen–intima 
and media–adventitia boundaries were manually 
traced around the perimeter, and the area inside the 
boundaries was automatically measured. If >1 plaque 
was detected, then the plaque areas were summed.10 
For assessing reproducibility of plaque area measure-
ments, 27 plaque areas were remeasured by a second 
observer. The between-observer coefficient of varia-
tion was 6.8%.

Statistical Analysis
To evaluate the association of the dyslipidemia group 
with carotid plaque, an overall test (Wald type III) was first 
performed. Then, modified Poisson regression models 
with robust SEs, adjusted for sex and adult age, were 
used to calculate the relative risks and 95% CIs for hav-
ing carotid plaque according to dyslipidemia group.26 
Group I (no dyslipidemia in childhood and in adulthood) 
was used as the reference category. Finally, to evaluate 
the independent association of dyslipidemia group with 
carotid plaque, the model was additionally adjusted for 
childhood and adulthood BMI and systolic blood pres-
sure z scores, smoking status, and family history of CHD.

The association between childhood and adult-
hood lipids and carotid plaque area was studied 
among individuals with carotid plaque. Because of 
skewness, adult triglycerides and carotid plaque area 
were log-transformed. Carotid plaque area, child-
hood and adulthood lipids, systolic blood pressure, 
and BMI z scores were created, resulting in variables 
with a mean of 0 and SD of 1. Linear regression mod-
els were used to study the association of z scores of 
childhood and adulthood lipids with carotid plaque 
area z scores. Individuals with a missing value for 
the variable were excluded from analyses where that 
variable was used. Models were adjusted for poten-
tial confounders (those variables likely associated 
with both lipids and atherosclerosis) of age, sex, and 
BMI. First, linear regression models, adjusted for sex 
and adult age, for each childhood and adulthood lipid 
were examined. Second, to evaluate the independent 
association of childhood total, LDL, and non-HDL 
cholesterol with carotid plaque area, multivariable 
models including the corresponding adulthood cho-
lesterol, childhood and adulthood BMI and systolic 
blood pressure, smoking status, and family history of 
CHD were examined.

In sensitivity analyses, we refitted the models re-
placing family history of premature CHD with family 
history of CHD at any age; after dividing participants 
into 4 groups based on their childhood and adulthood 
total, LDL, and non-HDL cholesterol status; after using 
alternate adult dyslipidemia cutoffs from the guidelines 
of the European Society of Cardiology/European 
Atherosclerosis Society for the management of dys-
lipidemias27; and after excluding participants with lipid-
lowering medication. Carotid plaque size was defined 
as small or large by using the median plaque area as a 
cutoff. Large plaque was defined as greater than, and 
small plaque as smaller than, the median area. Modified 
Poisson regression models with robust SEs were used 
to calculate the relative risks and their 95% CIs for 
large plaque in adulthood for child and adult total, LDL, 
and non-HDL cholesterol z scores. Participants with 
a small plaque were used as the reference category. 
To evaluate the independent association of childhood 
cholesterol level with the development of large plaque 
in adulthood, the corresponding child and adult lipid 
was included in the same model. To test if sex modi-
fied the association between lipids and carotid plaque 
area, sex by lipid interaction terms were examined 
separately for each lipid. No significant interactions 
were observed (P always >0.1). To evaluate collinear-
ity between childhood and adulthood lipids, variance 
inflation factor values were examined.28 All variance 
inflation factor values were <1.5, indicating no appar-
ent collinearity. Statistical significance was inferred at 
a 2-sided P value <0.05. All analyses were performed 
using SAS version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS
The study cohort consisted of 2643 participants of 
whom 1209 (45.7%) were male and 1434 (54.3%) were 
female participants. The mean (SD) length of follow-
up from the first risk factor measurement to outcome 
measurement was 25.9 (2.3) years. With respect to the 
dyslipidemia groups defined previously, there were 813 
participants in group I (no dyslipidemia in childhood 
and in adulthood), 311 in group II (no dyslipidemia in 
childhood and dyslipidemia in adulthood), 910 in group 
III (dyslipidemia in childhood and no dyslipidemia in 
adulthood), and 609 in group IV (dyslipidemia both in 
childhood and in adulthood). Table 1 shows the char-
acteristics of the participants according to dyslipidemia 
group.

Association Between Dyslipidemia Group 
and Carotid Plaque
Carotid plaque was present in 88 (3.3%) individuals. 
All plaques were detected in the carotid bifurcation. 
The prevalence of carotid plaque was higher among 
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Table 1.  Characteristics of Participants Across Dyslipidemia Groups

Group I Group II Group III Group IV

No. (%) 813 (31) 311 (12) 910 (34) 609 (23)

Carotid plaque, n (%) 9 (1.1) 8 (2.6) 31 (3.4) 40 (6.6)

Age, y, mean (SD) 34.6 (5.2) 34.4 (5.1) 38.0 (5.5) 37.6 (5.5)

Sex, n (%)

Female 451 (55) 85 (27) 662 (73) 236 (39)

Male 362 (45) 226 (73) 248 (27) 373 (61)

Serum lipids and lipoproteins, mg/dL, mean (SD)

Total cholesterol

Childhood 179.3 (14.4) 177.0 (15.1) 216.0 (15.8) 221.2 (22.9)

Adulthood 173.3 (24.0) 186.9 (34.6) 197.5 (21.6) 230.5 (40.5)

LDL cholesterol

Childhood 106.8 (14.5) 108.2 (14.2) 144.6 (15.5) 151.3 (21.7)

Adulthood 101.1 (21.4) 113.0 (27.8)* 122.8 (19.6) 150.8 (35.2)†

HDL cholesterol

Childhood 58.5 (7.0) 52.8 (6.2) 59.1 (8.4) 54.6 (9.0)

Adulthood 54.5 (10.0) 39.4 (9.5)‡ 56.0 (10.3) 46.5 (14.9)§

Non-HDL cholesterol

Childhood 119.1 (14.6) 122.5 (14.3) 156.6 (15.9) 166.1 (21.8)

Adulthood 118.8 (23.5) 147.4 (31.8)‡ 141.5 (21.4) 184.1 (37.1)§

Triglycerides

Childhood 62.1 (15.6) 68.5 (16.7) 61.8 (15.9) 70.3 (21.5)

Adulthood 89.7 (32.9) 178.6 (90.7) 95.4 (34.8) 185.9 (122.8)

Systolic blood pressure, mm Hg, 
mean (SD)

Childhood 110 (5.9) 111 (6.0) 111 (5.3) 113 (5.9)

Adulthood 118 (13.4)∥ 124 (13.4) 119 (13.3)¶ 125 (15.1)#

Diastolic blood pressure, mm Hg, 
mean (SD)

Childhood 64 (5.2)** 65 (5.1) 66 (4.5) 66 (4.6)

Adulthood 73 (10.5)†† 78 (12.0)‡‡ 74 (10.7)¶ 79 (12.3)#

Body mass index, kg/m2, mean (SD)

Childhood 18.2 (2.0) 18.8 (2.2) 18.2 (1.8) 18.7 (2.3)

Adulthood 24.6 (4.0)§§ 28.6 (5.0)∥∥ 24.9 (4.3)¶¶ 27.9 (5.0)##

Smoking, n (%)

Childhood 168 (21) 73 (23) 186 (20) 128 (21)

Adulthood 169 (21) 79 (25) 152 (17) 147 (24)

Family history of CHD, n (%) 113 (14) 50 (16) 185 (20) 135 (22)

Values of childhood lipids and lipoproteins, blood pressure, and body mass index represent the estimate of the cumulative exposure in childhood between 
ages 6 and 18 years. These have been calculated for each individual on the basis of the modeling of serial measurements. Adulthood values represent 
single time point measured at the time that the carotid ultrasound study (outcome) was performed. For all variables, n=2643 unless stated otherwise. To 
convert cholesterol and triglycerides units from mg/dL to mmol/L, multiply by 0.02586 and 0.01129, respectively. Group I=no dyslipidemia in childhood and 
in adulthood, group II=no dyslipidemia in childhood and dyslipidemia in adulthood, group III=dyslipidemia in childhood and no dyslipidemia in adulthood, and 
group IV=dyslipidemia in childhood and in adulthood. CHD indicates coronary heart disease; LDL, low-density lipoprotein; and HDL, high-density lipoprotein.
*n=297.
†n=566.
‡n=310.
§n=600.
∥n=811.
¶n=905.
#n=608.
**n=812.
††n=810.
‡‡n=310.
§§n=801.
∥∥n=306.
¶¶n=898.
##n=601.
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male participants than female participants (4.7% ver-
sus 2.2%; P<0.001), and those with carotid plaque 
were, on average, older (38.2 [4.6] versus 36.4 [5.6] 
years; P<0.001). Across dyslipidemia groups I, II, III, 
and IV, the carotid plaque prevalence increased from 
1.1%, 2.6%, 3.4%, to 6.6%, respectively (Figure). An 
overall test (Wald type III) for the effect of the dyslip-
idemia group on carotid plaque was highly significant 
(P<0.001). When using participants in group I as the 
reference category, the relative risk for carotid plaque 
increased across dyslipidemia groups II, III, and IV 
(Table 2). In comparison to the reference group I, the 
relative risk of carotid plaque was significantly higher in 
groups III and IV. The model was repeated after adjust-
ing for childhood and adulthood systolic blood pres-
sure, BMI, smoking status, and family history of CHD 
with essentially similar results (Table 3).

In sensitivity analyses, participants were divided 
into 4 groups as described previously for dyslipidemia 
based solely on their childhood and adulthood total, 
LDL, and non-HDL cholesterol status. Overall tests 
for the effects of total, LDL, and non-HDL cholesterol 
groups on carotid plaque were highly significant (P 

always <0.001). Again, those without elevated choles-
terol levels in childhood and in adulthood served as the 
reference category. When adjusted for sex, adult age, 
childhood and adulthood systolic blood pressure, BMI, 
smoking status, and family history of CHD, the relative 
risks for carotid plaque for those with resolving choles-
terol levels were 1.89 (95% CI, 1.12–3.17) for total cho-
lesterol, 3.23 (95% CI, 1.80–5.79) for LDL cholesterol, 
and 1.75 (95% CI, 1.03–2.96) for non-HDL cholesterol 
dyslipidemia.

In addition, in sensitivity analyses, adult dyslipid-
emia was classified according to the European Society 
of Cardiology/European Atherosclerosis Society 
guidelines: total cholesterol >190 mg/dL (5.0 mmol/L), 
LDL cholesterol >115 mg/dL (3.0 mmol/L), non-HDL 
cholesterol >145 mg/dL (3.8 mmol/L), triglycerides 
>150 mg/dL (1.7 mmol/L), and HDL cholesterol 
<46 mg/dL (1.2 mmol/L) in women and <39 mg/dL 
(1.0 mmol/L) in men.27 Participants self-reporting cur-
rent use of lipid-lowering medication were considered 
as having dyslipidemia. Again, the Wald type III test 
was first performed yielding a P value of <0.001 for 
the effect of the dyslipidemia group on carotid plaque. 
When the modified Poisson regression model was ad-
justed for sex and adult age, the relative risks of ca-
rotid plaque in groups II, III, and IV were 2.53 (95% CI, 
0.83–7.72), 3.43 (95% CI, 0.94–12.49), and 5.92 (95% 
CI, 2.12–16.53) compared with group I participants, 
respectively.

Association Between Serum Lipids and 
Carotid Plaque Area
Data of 88 participants with carotid plaque were used 
in these analyses. The median plaque area was 9.97 
(5.42–14.62) mm2. Carotid plaque area was signifi-
cantly associated with childhood and adulthood total, 
LDL, and non-HDL cholesterol, but not with triglycer-
ides or HDL cholesterol (Table 4). In multivariable linear 
regression models, the association of childhood total, 
LDL, and non-HDL cholesterol remained statistically 

Figure.  Carotid plaque prevalence across dyslipidemia 
groups.
In groups I, II, III, and IV, the carotid plaque prevalence increased 
from 1.1%, 2.6%, 3.4%, to 6.6%, respectively.

Table 2.  RRs of Carotid Plaque in Adulthood According to 
Dyslipidemia Group, Adjusted for Sex and Adult Age

RR 95% CI P value

Group I 1.00 Reference …

Group II 1.93 0.75–4.96 0.17

Group III 3.11 1.46–6.62 0.003

Group IV 4.73 2.30–9.72 <0.001

Group I=no dyslipidemia in childhood and in adulthood, group II=no 
dyslipidemia in childhood and dyslipidemia in adulthood, group III=dyslipidemia 
in childhood and no dyslipidemia in adulthood, and group IV=dyslipidemia in 
childhood and in adulthood. RR indicates relative risk.

Table 3.  RRs of Carotid Plaque in Adulthood According 
to Dyslipidemia Group, Adjusted for Sex, Adult Age, 
Childhood and Adulthood Body Mass Index and Systolic 
Blood Pressure z Scores, Smoking Status, and Family 
History of Coronary Heart Disease

RR 95% CI P value

Group I 1.00 Reference …

Group II 2.34 0.91–6.00 0.08

Group III 3.00 1.42–6.34 0.004

Group IV 5.23 2.57–10.66 <0.001

Group I=no dyslipidemia in childhood and in adulthood, group II=no 
dyslipidemia in childhood and dyslipidemia in adulthood, group III=dyslipidemia 
in childhood and no dyslipidemia in adulthood, and group IV=dyslipidemia in 
childhood and in adulthood. RR indicates relative risk.
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significant, whereas the association for the equivalent 
adulthood cholesterol level was attenuated and no 
longer statistically significant (Table 4). We additionally 
estimated the relative risks for large plaque (defined as 
greater than the median area) development for total, 
LDL, and non-HDL cholesterol using participants with 
a small plaque (defined as smaller than the median 
area) as the reference category. First, modified Poisson 
regression models were examined for each childhood 
cholesterol. For 1-SD unit, change in childhood cho-
lesterol level yielded relative risks for large plaque of 
1.42 (95% CI, 1.19–1.69; P<0.001) for total cholesterol, 
1.39 (95% CI, 1.16–1.67; P<0.001) for LDL cholesterol, 
and 1.37 (95% CI, 1.15–1.63; P<0.001) for non-HDL 	
cholesterol. Second, models were repeated using 
adulthood cholesterol, yielding relative risks of 1.32 
(95% CI, 1.12–1.56; P=0.001), 1.32 (95% CI, 1.14–1.53; 
P<0.001), and 1.26 (95% CI, 1.07–1.49; P=0.005), re-
spectively. Finally, models were repeated after including 
the equivalent childhood and adulthood cholesterol in 
the same model. Relative risks for childhood total, LDL, 
and non-HDL cholesterol for large plaque decreased 
only slightly and remained significant: 1.32 (95% CI, 
1.08–1.62; P=0.007), 1.30 (95% CI, 1.03–1.64; P=0.03), 
and 1.30 (95% CI, 1.07–1.58; P=0.008), respectively. 
However, the association between adulthood choles-
terol and large plaque decreased markedly and was no 

longer statistically significant: 1.14 (95% CI, 0.94–1.38; 
P=0.19), 1.14 (95% CI, 0.95–1.37; P=0.16), and 1.10 
(95% CI, 0.92–1.32; P=0.31), respectively.

DISCUSSION
We found that childhood dyslipidemia, even if re-
solved by adulthood, predisposes to the develop-
ment of carotid atherosclerotic plaque in adulthood. 
Furthermore, childhood lipids (total, LDL, and non-
HDL cholesterol) exhibited stronger correlations with 
carotid plaque area than adulthood lipids. Our find-
ings reinforce that exposure to elevated childhood 
lipid levels not only predisposes atherosclerosis ob-
served decades later but also affects the severity of 
atherosclerosis.

Child cardiovascular risk factors have been shown to 
predict markers of adult preclinical atherosclerosis such 
as coronary calcification, carotid plaque, and common 
carotid IMT independent of contemporary risk factor 
levels.3,4,24 However, data from the i3C (International 
Childhood Cardiovascular Cohort) Consortium showed 
that although childhood overweight BMI and obesity is 
a strong predictor of high common carotid IMT in adult-
hood, the association tended to be attenuated among 
those who did not have obesity in adulthood.6 However, 
Buscot et al showed, by using long-term BMI trajecto-
ries, that participants who resolved their elevated child-
hood BMI maintained a residual risk for high common 
carotid IMT in adulthood.29 In a separate study from the 
i3C Consortium, those who were able to resolve their 
non–HDL cholesterol dyslipidemia by adulthood had a 
risk of developing high common carotid IMT in adult-
hood that was not statistically different from those who 
did not have dyslipidemia in childhood and in adult-
hood.8 In addition, the i3C Consortium showed no re-
sidual risk for high common carotid IMT in those who 
resolved their LDL cholesterol dyslipidemia from child-
hood to adulthood.30

However, it is unclear how specifically diffuse thick-
ening of the common carotid artery wall, as assessed 
by IMT, reflects atherosclerosis, as part of such thick-
ening may reflect medial hypertrophy.9,10 At present, 
IMT is not recommended by the American College of 
Cardiology/American Heart Association or European 
Society of Cardiology guidelines for the clinical eval-
uation of cardiovascular disease risk because the ad-
dition of common carotid IMT measurements to the 
conventional risk algorithms is associated with only 
small improvements in risk prediction that are unlikely 
clinically important.31,32 On the other hand, a focal ath-
erosclerotic carotid wall thickening, so called carotid 
artery plaque, is considered a specific phenotype of 
active atherosclerosis,9,10 with the association be-
tween carotid artery plaque and clinical cardiovascular 

Table 4.  Associations of Carotid Plaque Area With 
Childhood and Adulthood Serum Lipids Among 88 
Individuals With Carotid Plaque

Childhood Adulthood

β (SE) P value β (SE) P value

Total cholesterol 0.41 (0.10) <0.001 0.34 (0.10) 0.001

LDL cholesterol* 0.38 (0.10) <0.001 0.36 (0.10) <0.001

Non-HDL 
cholesterol†

0.37 (0.10) <0.001 0.31 (0.10) 0.004

HDL cholesterol† 0.18 (0.10) 0.09 0.18 (0.11) 0.10

Triglycerides 0.02 (0.11) 0.82 −0.06 (0.11) 0.57

Multivariable models‡

Total cholesterol 0.31 (0.13) 0.02 0.18 (0.13) 0.19

LDL cholesterol 0.29 (0.14) 0.04 0.21 (0.14) 0.13

Non-HDL 
cholesterol

0.31 (0.13) 0.02 0.14 (0.14) 0.32

Childhood lipid values represent the estimate of the cumulative exposure in 
childhood between ages 6 and 18 years. This is calculated for each individual 
on the basis of the modeling of serial lipid measurements. Adulthood lipid 
values represent a single time point measured at the time that the carotid 
ultrasound study was performed. Regression coefficients (β) indicate change 
in the plaque area z score for a 1-SD increase in the lipid variable. All models 
were adjusted for sex and adult age. HDL indicates high-density lipoprotein; 
and LDL, low-density lipoprotein.

*n=86 for adulthood LDL cholesterol.
†n=87 for adulthood non-HDL and HDL cholesterol.
‡In addition to the corresponding childhood and adulthood cholesterol, 

the multivariable model included childhood and adulthood body mass index 
and systolic blood pressure z scores, smoking status, and family history of 
coronary heart disease.
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outcomes well established.10,13,14 Our study is the first 
to demonstrate that resolution of dyslipidemia by adult-
hood does not negate the association of childhood 
dyslipidemia to the specific phenotype of atherosclero-
sis observed in adulthood. This association persisted 
even after adjusting for other cardiovascular risk fac-
tors, such as blood pressure, BMI, smoking, and family 
history of CHD. These findings reinforce the putative 
role of childhood dyslipidemia in the lifelong process of 
atherosclerosis.

Although the association of childhood lipids with 
adult preclinical atherosclerosis has been demon-
strated, our data extend these previous findings to the 
carotid plaque area, a specific phenotype of active ath-
erosclerosis, which has been shown to improve the pre-
dictive utility of cardiovascular diseases.10–12 Importantly, 
we show that even among those with carotid plaque, 
who already have substantially higher lipid levels on av-
erage than those without carotid plaque,4 the higher lipid 
levels associate with more plaque area. Furthermore, 
the associations observed for childhood total, LDL, and 
non-HDL cholesterol were not solely attributable to the 
tracking of these risk factors from childhood to adult-
hood, as the childhood cholesterol levels had a stron-
ger association with adulthood carotid plaque area than 
did contemporary levels—suggesting a direct effect of 
childhood lipid levels on adult plaque area.

Would childhood lipid screening help identify those 
at higher risk for later life atherosclerosis? At present, 
childhood lipid screening is recommended by the 
National Heart, Lung, and Blood Institute’s Expert Panel 
on Integrated Guidelines for Cardiovascular Health and 
Risk Reduction in Children and Adolescents.20 Our 
findings demonstrate the significant association be-
tween childhood lipids and adulthood-specific phe-
notype of advanced atherosclerosis. Furthermore, by 
pooling longitudinal cohort data, the i3C Consortium 
recently demonstrated that traditional risk factors in 
childhood, including serum total cholesterol and tri-
glycerides, youth BMI, systolic blood pressure, and 
smoking were directly and independently associated 
with adult cardiovascular events.5 These findings 
suggest that childhood lipid screening would identify 
individuals who are at increased risk for future cardio-
vascular outcomes. However, lipid screening in chil-
dren is associated with concerns.33 The US Preventive 
Services Task Force identified no direct evidence for 
benefits of childhood lipid screening or treatment on 
outcomes in adulthood.34 The current direct interven-
tional evidence of the benefits of childhood screening 
and treatment is limited. However, such evidence is 
available from childhood familial hypercholesterolemia. 
It has been shown that long-term lowering of LDL cho-
lesterol levels initiated in childhood is associated with 
a reduced risk of cardiovascular events by mid-age.35 
However, the requirement of direct evidence in the 

general population might be unrealistic because orga-
nizing intervention studies lasting for several decades 
to test the hypothesis that screening and interventions 
initiated in childhood reduce the risk of atherosclerotic 
events in adulthood would be unlikely. Therefore, the 
guidelines on screening and early treatment must, for 
the most part, rely on information provided by observa-
tional studies. Extensive evidence from autopsy stud-
ies, vascular studies, and cohort studies have shown 
that elevated childhood lipid levels associate with adult 
atherosclerosis and cardiovascular events.1,5 Our pres-
ent findings showing that childhood dyslipidemia, even 
if resolved by adulthood, is a risk factor for carotid ar-
tery plaque emphasize the role of childhood exposure 
for adult cardiovascular health and suggest the impor-
tance of primordial prevention targeted to lipids from 
an early age. At present, based on the totality of evi-
dence, it could be hypothesized that early identification 
and management of dyslipidemia would substantially 
reduce the risk of later life atherosclerosis.

Studies such as this highlight the need for childhood 
strategies for reducing the risk of cardiovascular dis-
eases. In addition to a medical approach of identify-
ing children with dyslipidemia, our results suggest the 
importance of public health strategies for maintaining 
ideal lipoprotein levels in all children. Individuals with life-
long genetic exposure to low levels of LDL cholesterol 
have a lower risk of cardiovascular disease.1 In Finland, 
cholesterol levels and coronary mortality have been 
exceptionally high in the past, especially in the eastern 
parts of the country. As a result, a national project was 
launched in Finland in 1972 (the North Karelian project) 
focused on lifestyle changes aimed at lowering choles-
terol levels, blood pressure, and smoking at the popu-
lation level.36 These large-scale public health efforts in 
Finland during the past 40 years have led to a decline in 
the major risk factors and reductions in cardiovascular-
related mortality.36 Furthermore, recent results from the 
STRIP (Special Turku Coronary Risk Factor Intervention 
Project) study showed beneficial effects on risk factors 
during a period of 26 years after dietary counseling 
that began in infancy and continued throughout child-
hood.37 The positive trends in lipid levels have also been 
witnessed in the Young Finns Study.38 In line with these 
trends, we see in the present analyses that the group 
with resolving dyslipidemia (group III) had the largest 
number of participants. Furthermore, the decrease in 
cholesterol levels from childhood to adulthood seen in 
group I may be partly attributed to successful public 
health measures. Parallel with the decrease in serum 
LDL cholesterol level, we observed an increasing trend 
in BMI.39 Therefore, the increase in triglycerides seen in 
groups II and IV may be associated with the increased 
adiposity among participants.

This study had limitations. The ultrasound study in-
cluded only the left carotid artery and did not involve 
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imaging of the internal carotid artery. However, the 
development of carotid artery plaque typically be-
gins at the carotid bifurcation,40 and previous stud-
ies among age groups comparable with those in our 
study do not suggest a higher prevalence of carotid 
plaques.41,42 Still, some misclassifications might have 
occurred. Because of the relatively small number of 
participants with carotid plaque, some of our CIs were 
wide, and our statistically nonsignificant finding of the 
association between dyslipidemia group II and carotid 
plaque might be a result of low statistical power. Bias 
attributed to differential loss to follow-up is possible in 
prospective cohort studies. However, the Young Finns 
Study has a high retention of participants relative to 
similar cohort studies, and we have previously shown 
that participants do not differ with nonparticipants ex-
cept that they are more likely to be female participants 
and older in age.17,43 Strengths of the study include the 
large, population-based cohort of participants who 
have been repeatedly followed for cardiovascular risk 
factors and preclinical atherosclerosis from childhood 
to adulthood.

In summary, we show that childhood dyslipidemia, 
even if resolved by adulthood, is a risk factor for ca-
rotid artery plaque. Furthermore, childhood lipids are 
independently associated with the level of adulthood 
atherosclerosis observed decades later. Our data high-
light the importance of primordial prevention targeted 
to lipids from an early age—as subsequent prevention 
left to adulthood is likely to be too late to limit the risk 
that has accumulated earlier in life.
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Data S1. Supplemental Methods 

Area under the curve (AUC) – childhood risk factor cumulative burden 

At the time of the first field study, participants were aged 3 to 18 years. During puberty, there 

is a significant decrease in serum lipid and lipoprotein levels and thus 1980 baseline values 

measured at different age points were not comparable with each other.18,20 Therefore, to obtain 

comparable childhood lipid and lipoprotein levels for each participant, we used the AUC 

method, which allowed us to determine the cumulative burden for each serum lipid and 

lipoprotein, as well as blood pressure and body mass index, during childhood. To create AUC 

variables, we exploited repeatedly measured data from the longitudinal Cardiovascular Risk in 

Young Finns Study from 1980 to 2011 (measurements from 3 to 34 years of age and for 

diastolic blood pressure from 6 to 34 years of age). First, mixed model regression splines were 

used to estimate subject-specific curves.21 The covariance structure for the longitudinal setting 

was modelled by allowing for subject-specific regression spline coefficients, which were 

incorporated as the random effects into the model. To avoid overfitting at the participant level, 

the number of knots were reduced on the calendar time for the subject-specific part from that 

of the fixed effect parts on age. For diastolic blood pressure and triglycerides, the number of 

knots on age were reduced for the subject-specific part from that of the fixed effect parts on the 

calendar time. The mean profile was allowed to vary across ages, sex, birth cohorts, and in case 

of blood pressure family's area of residence at the beginning of the study and in case of diastolic 

blood pressure parent's hypertension in terms of possibly different fixed effect parts. Then, 

similar to the approach of Lai et al,22 AUCs were evaluated for each cardiovascular risk factor 

as a measure of risk factor cumulative burden. AUC variables were defined for the age period 

of 6 to 18 years indicating the individual cumulative burden for the risk factor in childhood. 

 



 
 

Table S1. Flowchart for the Cardiovascular Risk in Young Finns Study 

 

Abbreviations: No, number of participants who participated in any phase of the study in a given year. 

*In 1989, physical examinations and blood tests were gathered only in one center (N=632 individuals). In 1992, cohorts from Helsinki, Kuopio 

and Turku areas were included for blood sampling and/or physical examinations (N=891 individuals). In 1989 and 1992, the limitation in cohort 

size for blood sampling and/or physical examinations were due to economic constraints and do not imply loss to follow-up. 

†In 2001 and 2007, carotid ultrasound was performed to 2283 and 2204 participants, respectively.

Study year No. Age, year                            

1980 3596 3  6  9  12  15  18                      

1983 2991   6  9  12  15  18  21                    

1986 2799     9  12  15  18  21  24                  

1989 2737*       12  15  18  21  24  27                

1992 2730*         15  18  21  24  27  30              

2001 2620†               24  27  30  33  36  39        

2007 2243†                   30  33  36  39  42  45    

2011 2115                      34  37  40  43  46  49 



 

Figure S1. Area under the curve (AUC) for childhood low-density lipoprotein (LDL) 

cholesterol 

 

To convert LDL cholesterol units from mg/dL to mmol/L, multiply by 0.02586. 
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