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Trajectory patterns for continuous 
metabolic syndrome score 
in childhood and the cardiovascular 
risk in adolescence
Eun Jeong Choi1, Hye Ah Lee2, Bomi Park3, Bohyun Park4, Hae Soon Kim5, 
Young Sun Hong6 & Hyesook Park1,7*

We explored the association between the trajectory of the continuous metabolic syndrome score 
(cMetS) in childhood with high-sensitivity C-reactive protein (hs-CRP) and carotid intima-media 
thickness (CIMT), which are known to increase cardiovascular disease risk in adolescence. The 
trajectory of cMetS in childhood (from 3 to 12 years of age) was identified in 833 children who 
participated in the Ewha Birth and Growth Study. The associations between cMetS and hs-CRP and 
CIMT were analyzed in 204 out of 833 children who participated in the follow-up at 13–15 years of 
age and measured hs-CRP and CIMT. Among the 833 children, three groups were classified: cMetS 
maintained at a low level (n = 198, 23.77%), middle level (n = 530, 63.63%), and at high levels (n = 105, 
12.61%). The group with a stable-high cMetS trajectory showed significantly higher hs-CRP levels, 
and the statistical significance was maintained after adjusting for covariates. This study found that 
a consistently high cMetS in childhood was significantly associated with higher hs-CRP levels in 
adolescents, suggesting that it is necessary to intervene in metabolic risk factors early in life to reduce 
the risk of cardiovascular disease later in life.

Cardiovascular disease is the number one cause of death worldwide, with the World Health Organization report-
ing that approximately 17.9 million people died from cardiovascular disease in 2016, which accounted for 31% 
of all deaths  worldwide1. In addition, heart disease and cerebrovascular disease occupy the second and fourth 
places, respectively, among the top 10 causes of death in the 2019 Cause of Death statistics in South  Korea2.

An increase in high-sensitivity C-reactive protein (hs-CRP), a nonspecific inflammatory indicator, was 
reported to be associated with a higher risk of cardiovascular  disease3–5. In addition, it was reported that hs-
CRP levels in adolescents diagnosed with metabolic syndrome (MetS) were higher than those in undiagnosed 
adolescents, and there was a high correlation between the severity of MetS and hs-CRP levels in children and 
 adolescents6. An increase in carotid intima-media thickness (CIMT), a marker of preclinical atherosclerosis, 
has also been reported to be associated with metabolic components, including hypertension, dyslipidemia, and 
diabetes, and  MetS7,8. According to the Muscatine Study conducted in the United States in 2011, high body 
mass index (BMI), cholesterol, triglyceride (TG), and blood pressure (BP) observed at 8–18 years of age were 
significantly associated with increased CIMT at 33–42 years of  age9. A study conducted in Korea also reported 
that obese children and adolescents had a significantly thicker average CIMT than the normal-weight  group10. 
Other studies in children and adolescents have also reported that obesity contributes to increased  CIMT11.

Early intervention in childhood and adolescence for metabolic components such as obesity, hypertension, 
and dyslipidemia seems to be important because these poor health conditions tend to persist over time. In the 
Malaysian Health and Adolescents Longitudinal Research Team (MyHeART) study, adolescents aged 13–17 years 
were stratified into low-, medium-, and high-risk groups according to cardiovascular disease risk factors, and 
more than 12% of children who were categorized as the high-risk group remained in the high-risk group at 
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15–17 years of  age12. Although this study evaluated the trajectory of poor metabolic health, the evaluation period 
was relatively short.

Thus, based on the Ewha Birth and Growth Study, we aimed to identify the trajectory patterns of continuous 
metabolic syndrome score (cMetS) in children from 3 to 12 years of age, and to evaluate the association between 
the cMetS trajectories in childhood and hs-CRP and CIMT in adolescence.

Materials and methods
Study subjects. The Ewha Birth and Growth Study was conducted with women who visited Ewha Womans 
University Mokdong Hospital for prenatal examination at 24 to 28 weeks of pregnancy from 2001 to 2006 and 
agreed to participate in the cohort study. Since 2005, follow-up evaluations of their children have been con-
ducted at the ages of 3, 5, and 7 years of age and annually thereafter. Details of the cohort have been previously 
 reported13. Anthropometric measurements, blood and urine sample collection, and questionnaire completion 
were performed at each follow-up. To analyze the cMetS trajectory, this study included 833 subjects who par-
ticipated at the follow-ups at least once between 3 and 12 years of age and measured the metabolic indicators 
constituting cMetS. In addition, 204 out of 833 subjects who participated at the follow-up at 13 − 15 years of age 
and had no missing values were included in the second analysis to explore the association between cMetS trajec-
tory and hs-CRP and CIMT.

The subjects who were lost to follow-up were more likely to have had a low birth weight or preterm birth 
than the study subjects. However, there was no difference in sex distribution or maternal characteristics (Sup-
plementary Table I).

Indicators of metabolic health. The cMetS at each follow-up age was calculated using BMI, fasting blood 
glucose, TG, mean arterial pressure (MAP), and high-density lipoprotein-cholesterol (HDL-c) to determine the 
risk of MetS in children. Anthropometric measurements were performed by trained researchers. BMI (kg/m2) 
was calculated from the height and weight measured with the subjects wearing no shoes and light clothing using 
a stadiometer and a calibrated scale (DS-102, Dong Sahn Jenix, Co., Ltd, Seoul, Korea). BMI was calculated as 
body weight (kg) divided by height squared  (m2). Blood chemistry tests were performed for fasting blood glu-
cose, TG, and HDL-c levels, as well as a complete blood count. BP was measured twice using an automatic device 
(Dinamap Procure 200, GE, Milwaukee, WI) with an appropriate cuff size after the participants had been rested 
for five min. Two measurements, taken within 5 min of each other, were averaged. MAP was calculated using 
the following formula: MAP (mmHg) = diastolic BP + [(systolic BP—diastolic BP)/3]. To calculate cMetS, each 
metabolic indicator was standardized by age group with consideration of sex using the Z-score method. Z-scores 
of BMI, fasting blood glucose, TG, MAP, and HDL-c multiplied by -1 were summed to calculate  cMetS14,15.

Outcomes. As outcomes, hs-CRP and CIMT measured at 13 to 15 years of age were considered. Blood hs-
CRP levels were measured using a particle-enhanced immune turbidimetric assay (Cobas 8000 C702 analyzer; 
Roche, Mannheim, Germany). The limit of detection (LOD) for hs-CRP is 0.15 mg/dL, and the value equivalent 
to the LOD/√2 was assigned to the values lower than LOD. The hs-CRP level was measured by the Seegene Medi-
cal Foundation (Seoul, Korea), and the coefficient of variance in terms of quality assurance/quality control was 
less than 10% in all measurements. hs-CRP did not satisfy the normal distribution despite log-transformed data, 
so subjects were divided according to 0.3 mg/dL of hs-CRP16.

CIMT was measured from the left and right carotid arteries to the first decimal place by an ultrasound expert 
using carotid ultrasound (Vivid E9; GE Vingmed Ultrasound AS, Horten, Norway). Additionally, the average 
values of the left and right measurements were calculated and used for the analysis.

Covariates. Through a review of the literature, sex, age, monthly household income, frequency of vigorous-
intensity physical activity, disease history of parents, and exposure to secondhand smoke were selected as con-
founding  variables17–19. The information for covariates was collected from the questionnaires. Monthly house-
hold income was divided into three categories (less than 3 million won, 3–5 million won, and 5 million won or 
more) according to the frequency distribution. The vigorous-intensity physical activity per week was categorized 
as 1–2 times per week, 3–4 times per week, and ≥ 5 times per week. The disease history of parents was consid-
ered present if any cardiovascular disease, dyslipidemia, hypertension, or diabetes were present. We did not use 
pubertal maturation as a covariate in our study because only 4 of 96 boys and 2 of 108 girls were prepubertal 
according to the responses to a  questionnaire20.

Statistical analysis. For descriptive statistics of the variables, the mean and standard deviation were calcu-
lated to two decimal places for normally distributed continuous variables. Non-normally distributed continuous 
variables are shown as median and interquartile range (IQR) to two decimal places. Categorical variables are 
presented as frequencies with percentages.

In order to categorize participants into different subgroups according to the patterns of change in cMetS, 
trajectory analysis was performed using PROC TRAJ in the SAS program. The most appropriate final model 
was selected based on the group distribution, Akaike information criterion (AIC), and Bayesian information 
criterion (BIC)21,22. PROC MIXED was used to calculate the intra-class correlation coefficient (ICC) of meta-
bolic components repeatedly measured between 3 and 12 years of age. Additionally, a correlation analysis was 
performed on the data measured at two adjacent time points.

An analysis of variance was conducted on the mean difference of CIMT in adolescence by groups categorized 
based on the cMetS trajectory. Analysis of covariance was conducted after adjusting for covariates. The asso-
ciation between elevated hs-CRP levels and cMetS trajectory group was evaluated using uni- and multivariate 
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logistic models. Model 1 was adjusted for sex, while Model 2 was also adjusted for monthly household income, 
frequency of vigorous-intensity physical activity, disease history of parents, and exposure to secondhand smoke. 
A sensitivity analysis based on previous  studies23,24 was conducted, excluding subjects with hs-CRP > 1 mg/dL. 
We also assessed gender differences in the associations of cMetS trajectory group with hs-CRP level and CIMT. 
All statistical analyses were performed using SAS software (version 9.4; SAS Institute, Cary, NC, USA), and 
statistical significance in the two-tailed test was determined as a p-value < 0.05.

Ethical approval and informed consent. Written informed consent for the study was obtained from all 
subjects, parents, or guardians for participation in the study, and the study protocol was approved by the Insti-
tutional Review Board of Ewha Womans University Seoul Hospital (IRB number: SEUMC 2019–04-034). All 
methods of this study were performed in accordance with the relevant guidelines and regulations. Furthermore, 
this study was performed in compliance with the principles set forth in the Declaration of Helsinki.

Results
Descriptive summary of the cMetS and cMetS components. BMI gradually increased with age 
from 15.45 ± 1.37 kg/m2 at the age of 3 to 15.97 ± 2.12 kg/m2 at the age of 7 and 19.82 ± 3.10 kg/m2 at the age of 
12 years of age. MAP also gradually increased with age, being 71.36 ± 8.36 mmHg at 3, 72.47 ± 6.88 mmHg at 7, 
and 82.19 ± 8.83 mmHg at 12 years of age. The mean standardized value of cMetS was 0.00, at each time point, 
and the standard deviation range was 2.64 to 2.88, showing a similar distribution (Table 1).

Correlation between repeated measurements of metabolic syndrome components at differ-
ent times and ICC. ICCs were calculated to evaluate the correlation between repeatedly measured meta-
bolic indicators. ICCs were 0.74 for BMI, 0.65 for HDL-c, and 0.60 for cMetS, showing a high level of correlation 
at the individual level. However, the level of correlation was low for the MAP and TG values and 0.27 for fasting 
blood glucose (Table 2).

Trajectories of cMetS. Three cMetS trajectory groups were identified through trajectory analysis using the 
cMetS values measured from 3 to 12 years of age. Children with high cMetS at the age of 3 years had high cMetS 

Table 1.  Descriptive summary of metabolic syndrome components and cMetS by follow-up time points. SD, 
standard deviation; BMI, body mass index; MAP, mean arterial pressure; TG, triglyceride; FBG, fasting blood 
glucose; HDL-c, high-density lipoprotein-cholesterol; cMetS, continuous metabolic syndrome score. Mets 
components are presented as means and standard deviations. a TG is not distributed normally are presented as 
medians with interquartile ranges.

Follow-up time points

3 years 
(n = 447)

5 years 
(n = 375)

7 years 
(n = 354)

8 years 
(n = 378)

9 years 
(n = 394)

10 years 
(n = 233)

11 years 
(n = 269)

12 years 
(n = 227)

13–15 years 
(n = 204)

Gender ratio (Boys/Girls) 0.97 1.05 0.95 1.09 1.01 1.10 0.96 1.01 0.89

BMI (kg/m2) 15.45 ± 1.37 15.70 ± 1.61 15.97 ± 2.12 16.82 ± 2.59 17.52 ± 2.61 18.01 ± 2.90 18.91 ± 3.06 19.82 ± 3.10 20.39 ± 3.12

MAP (mmHg) 71.36 ± 8.36 72.51 ± 6.54 72.47 ± 6.88 75.45 ± 7.69 77.38 ± 7.25 83.17 ± 9.03 84.13 ± 8.53 82.19 ± 8.83 80.98 ± 8.47

TG (mg/dL)a 56.00 
(41.00 ~ 79.00)

46.00 
(34.00 ~ 67.00)

50.50 
(35.00 ~ 77.00)

56.00 
(40.00 ~ 70.00)

61.50 
(43.00 ~ 88.00)

61.00 
(48.00 ~ 80.00)

68.00 
(52.00 ~ 93.00)

71.00 
(51.00 ~ 93.00)

62.00 
(49.00 ~ 84.00)

FBG (mg/dL) 79.61 ± 8.63 78.23 ± 9.24 80.48 ± 7.14 81.19 ± 7.06 82.48 ± 7.51 93.09 ± 6.45 93.87 ± 6.26 92.65 ± 6.26 92.92 ± 6.55

HDL-c (mg/dL) 54.60 ± 10.81 60.23 ± 11.86 61.30 ± 11.67 61.83 ± 11.53 60.81 ± 11.34 57.59 ± 11.44 55.41 ± 11.49 53.89 ± 10.89 51.07 ± 9.70

cMetS 0.00 ± 2.64 0.00 ± 2.64 0.00 ± 3.02 0.00 ± 2.86 0.00 ± 2.87 0.00 ± 2.88 0.00 ± 2.83 0.00 ± 3.01 0.00 ± 2.83

Table 2.  Correlation between repeated measurements of metabolic syndrome components at different times 
and ICC. BMI, body mass index; MAP, mean arterial pressure; TG, triglyceride; FG, fasting blood glucose; 
HDL-c, high-density lipoprotein-cholesterol; ICC, Intra-class correlation, cMetS, continuous metabolic 
syndrome score. * < 0.05, ** < 0.01, *** < 0.001.

Correlation coefficients ICC

3 years vs 
5 years

5 years vs 
7 years

7 years vs 
8 years

8 years vs 
9 years

9 years vs 
10 years

10 years vs 
11 years

11 years vs 
12 years

12 years vs 
13–15 years

3 years to 
13–15 years

BMI (kg/m2) 0.546*** 0.820*** 0.898*** 0.921*** 0.952*** 0.954*** 0.913*** 0.896*** 0.739

MAP (mmHg) 0.109*** 0.385*** 0.531*** 0.534*** 0.273*** 0.420*** 0.302*** 0.404*** 0.353

TG (mg/dL) 0.207** 0.350*** 0.445*** 0.275*** 0.494*** 0.500*** 0.620*** 0.561*** 0.368

FBG (mg/dL) 0.284*** 0.231*** 0.353*** 0.311** 0.238** 0.461*** 0.528*** 0.475*** 0.268

HDL-c (mg/dL) 0.556*** 0.623*** 0.685*** 0.727*** 0.748*** 0.748*** 0.809*** 0.783*** 0.648

cMetS 0.329*** 0.523*** 0.692*** 0.666*** 0.643*** 0.717*** 0.768*** 0.724*** 0.595
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throughout the observation period, and this stable trend was applied to children who had intermediate and 
low cMetS at the age of 3 years. The stable- middle cMetS trajectory group accounted for the largest proportion 
(63.63%) (Fig. 1). There was no difference in the basic characteristics according to the trajectory patterns, except 
for the mother’s education level (Supplementary Table II).

The average CIMT in the stable-high cMetS trajectory group was approximately 0.01 to 0.02 mm thicker than 
that of the other two trajectory groups, but the difference was not statistically significant (Table 3). Regarding 

Figure 1.  Trajectroies of cMetS from 3 to 12 years of age. Abbreviation: cMetS, continuous metabolic syndrome 
score.

Table 3.  Mean comparison of CIMT between groups of cMetS trajectories. SD, Standard deviation; LSMeans, 
least-squares means; cMetS, continuous metabolic syndrome score; CIMT-L, left carotid intima-media 
thickness; CIMT-R, right carotid intima-media thickness; CIMT-M, mean carotid intima-media thickness. 
a Model1 was adjusted for sex. b Model2 was adjusted for sex, age, monthly household income, parental history 
of disease (CVD, cardiovascular diease; DYS, dyslipidemia; HTN, hypertension; DM, diabetes mellitus.), 
weekly vigorous-intensity physical activity, and secondhand smoking.

cMetS trajectory group

p
Stable-low group 
(n = 47)

Stable-middle group 
(n = 129)

Stable-high group 
(n = 28)

Crude model

CIMT-L (mm) Mean ± SD 0.44 ± 0.07 0.45 ± 0.06 0.46 ± 0.07 0.23

CIMT-R (mm) Mean ± SD 0.44 ± 0.06 0.45 ± 0.07 0.46 ± 0.07 0.61

CIMT-M (mm) Mean ± SD 0.44 ± 0.05 0.45 ± 0.06 0.46 ± 0.05 0.29

Adjusted model  1a

CIMT-L (mm) Lsmeans (95% CI) 0.44 (0.42,0.46) 0.46 (0.44,0.47) 0.46 (0.43,0.48) 0.23

CIMT-R (mm) Lsmeans (95% CI) 0.44 (0.43,0.46) 0.45 (0.44,0.47) 0.46 (0.43,0.48) 0.59

CIMT-M (mm) Lsmeans (95% CI) 0.44 (0.42,0.46) 0.45 (0.45,0.46) 0.46 (0.44,0.48) 0.28

Adjusted model  2b

CIMT-L (mm) Lsmeans (95% CI) 0.43 (0.39,0.46) 0.45 (0.41,0.48) 0.44 (0.40,0.48) 0.24

CIMT-R (mm) Lsmeans (95% CI) 0.45 (0.41,0.48) 0.46 (0.42,0.49) 0.45 (0.41,0.50) 0.53

CIMT-M (mm) Lsmeans (95% CI) 0.44 (0.40,0.47) 0.45 (0.42,0.48) 0.45 (0.41,0.48) 0.27
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the association between cMetS trajectory group and hs-CRP level, those in the stable-high group had a 4.50-fold 
greater risk of elevated hs-CRP than those in the stable-low group. This result remained significant even after 
adjusting for covariates. A significant gender difference in the association between trajectory group and hs-CRP 
was found, but not for CIMT. Moreover, when we analyzed the association between the trajectory group and 
hs-CRP by sex, the association was significant only in boys (Table 4).

In addition, the association between trajectory group and elevated hs-CRP risk was maintained in boys, even 
after excluding subjects with hs-CRP > 1 mg/dL (data not shown).

Discussion
In this study, the cMetS trajectory during childhood (from 3 to 12 years of age) showed three distinct patterns, 
and cMetS levels were consistently maintained throughout the observation period in all three patterns. The 
children in the stable-high trajectory group accounted for 12.60% of the total subjects. In addition, hs-CRP was 
significantly higher in adolescents who belonged to the stable-high trajectory group during childhood compared 
to that in their counterparts, only in adolescent males.

The cMetS is a measure to assess the risk of MetS in children who do not have a comprehensive or accurate 
diagnostic standard; thus, cMetS can be a useful tool in pediatric research. There is no established, accurate 
diagnostic cut-off for metabolic syndrome in  children25. Therefore, previous study performed a cluster analysis 
including triglycerides, BMI, HOMA, and SBP to identify a high-risk metabolic cluster. Subjects in the same 
cluster share similar traits, but are not similar to those in other clusters. In this analysis, we used cMetS score to 
assess the risk of MetS in children; this is considered a valid in pediatric  research26–28. The validity of cMetS was 
evaluated in students aged 7 − 18 years through a national school-based surveillance program in Iran. This study 
showed that the average cMetS increased according to the number of MetS components included, and it was 
found that the discriminatory power for MetS prediction was good (area under the curve = 0.94)15. Furthermore, 
other studies in  adolescents29 and  children27 reported similar results.

Regarding the persistence of cMetS, several studies evaluated the correlation  coefficient30,31, but no study has 
tried to identify trajectory patterns of cMetS using long-term follow-up data. In a previous study using the same 
data source, the trajectory of BP, a component of MetS, was analyzed using data from 65 subjects repeatedly meas-
ured from 3 to 10 years of age, and the results were similar to the results of this  study32. The identified trajectory 
patterns showed that cMetS values were clearly distinguished by trajectory groups from the early period of life 
and remained stable during a long follow-up period from 3 to 12 years of age. This suggests that poor metabolic 
indicators in early life can be maintained even during childhood. Furthermore, in a study that analyzed 5803 
people from 4 cohorts with an average follow-up of 22.3 years, childhood cMetS was associated with the incidence 
of adulthood MetS, and the risk of incident MetS was 2.14 times (95% CI 1.19–3.85) higher in men and 3.79 times 
(95% CI 1.89–7.77) higher in women per 1-SD increase in cMetS at 5 − 7 years of  age33. In addition, it has been 
reported that metabolic abnormalities in childhood include an increase in type 2 diabetes and a high CIMT in 
adults. One study using 25-year follow-up data found that MetS in childhood (6 − 19 years old) predicted adult 
 CVD34. Furthermore, a previous study demonstrated that children showing increased adiposity between birth 
and 14 years of age had the greatest insulin resistance at 14 years of age, and an increased risk of prehypertension 
or hypertension at 17  years35,36. Together with these studies, our findings support the evidence that interventions 
are needed early in life to improve poor metabolic health and prevent CVD later in life.

Because a long follow-up period is necessary to prospectively evaluate the effect of metabolic health in child-
hood on CVD in adulthood, surrogate markers of CVD risk are often used. In this study, we evaluated hs-CRP 
and CIMT as surrogate markers of CVD risk. Although there have been studies evaluating the relationship 

Table 4.  Results of odds ratio for high hs-CRP risk according to cMetS trajectory groups. hs-CRP, High 
sensitivity C-reactive protein; OR, odds ratio; 95% CI, 95% confidence interval. a Model 1 was adjusted for 
sex. p for interaction with sex (0.02). b Model 2 was adjusted for sex, age, monthly household income, parental 
history of disease (CVD, cardiovascular diease; DYS, dyslipidemia; HTN, hypertension; DM, diabetes 
mellitus.), weekly vigorous-intensity physical activity, and secondhand smoking. p for interaction with 
sex(0.01). c For the sex-stratified analysis, we adjusted for all covariates except sex.

cMetS trajectory group

hs-CRP

 ≤ 0.3 mg/dL  > 0.3 mg/dL

p

Crude model Adjusted model  1a Adjusted model  2b

(n = 136) (n = 59) OR (95% CI) OR (95% CI) OR (95% CI)

Total

Stable-low group 34 (75.56%) 11 (24.44%)

0.00

Ref Ref Ref

Stable-middle group 91 (73.98%) 32 (26.02%) 1.09 (0.49, 2.40) 1.10 (0.50, 2.42) 1.01 (0.43, 2.39)

Stable-high group 11 (40.74%) 16 (59.26%) 4.50 (1.61, 12.54) 4.57 (1.63, 12.82) 5.57 (1.76, 17.56)

Boysc

Stable-low group 18 (81.82%) 4 (18.18%)

0.01

Ref Ref

Stable-middle group 39 (67.24%) 19 (32.76%) 2.19 (0.65, 7.38) 1.57 (0.43, 5.75)

Stable-high group 4 (30.77%) 9 (69.23%) 10.13(2.04,50.16) 8.33 (1.53, 45.52)

Girlsc

Stable-low group 16 (69.57%) 7 (30.43%)

0.06

Ref Ref

Stable-middle group 52 (80.00%) 13 (20.00%) 0.57 (0.20, 1.68) 0.38 (0.10, 1.45)

Stable-high group 7 (50.00%) 7 (50.00%) 2.29 (0.58, 9.03) 3.2 (0.51, 20.94)
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between hs-CRP and metabolic  health37–39, in general, studies in children and adolescents are lacking. In addi-
tion, most of the studies were conducted using a cross-sectional design. In a previous study conducted by the 
authors of this study, a significant cross-sectional association between cMetS and hs-CRP at 13 − 15 years of age 
and BMI, one of the metabolic components, was found to be directly related to hs-CRP16. On the other hand, 
the results in the present study were obtained by prospective evaluation using a general population of children 
and showed that those who belonged to the stable-high cMetS trajectory group during childhood had a higher 
average hs-CRP in adolescence than those who belonged to other groups. In terms of critical periods, cMetS 
from the age of 7 years was found to be significantly related to hs-CRP in adolescence. Therefore, our results are 
meaningful in that we derived results for critical periods of disease susceptibility using repeated measured data 
from a long follow-up period. We found a significant gender difference in the association between trajectory 
group and hs-CRP. However, the confidence interval was large because the size of each trajectory group was small 
after stratifying by gender. Therefore, more research should examine this gender difference.

Atherosclerosis occurs mainly in middle-aged individuals, but it has been suggested that the development 
of vascular changes begins in early  life40. Therefore, CIMT can be another surrogate marker of CVD risk as a 
marker of preclinical atherosclerosis and has been reported to be associated with CVD  development41. A system-
atic review found that adiposity had a positive correlation with CIMT, but its significance was not observed in 
studies involving subjects younger than 12 years of  age42. In cross-sectional studies, one study found that cMetS 
had a positive correlation with CIMT in children aged 6 − 11 years, but no correlation was observed in children 
aged 12 − 18  years43. Using data from five countries, another study of children aged 6 − 17 years found that in 
normal-weight children, those with at least one risk factor (high BP, TG, fasting glucose, and low HDL-c) had a 
1.44 times (95% CI 1.03–2.02) higher risk for CIMT (≥ 90th percentile) than those without risk  factors344. As a 
prospectively evaluated study, the Cardiovascular Risk in Young Finns Study evaluated the relationship between 
the number of childhood risk factors (high LDL-c, SBP, BMI, and smoking) and the average CIMT in adulthood, 
and it was found that the mean CIMT tended to increase significantly depending on the number of risk factors 
at the age of 12 − 18 years, but this relationship was weak at the age of 3–9  years40. In addition, a previous  study33 
reported that high CIMT in adults was related to cMetS at 11 years of age. In this study, only cMetS at the age 
of 8 or 9 years was significantly associated with CIMT in adolescence, and the effect was not maintained there-
after. However, there is a limitation in comparing these results with the results of the present study because the 
evidence evaluated in a similar age group as that used in our study is insufficient. Therefore, further evaluations 
are required through follow-up studies.

There were several limitations to this study that should be considered when interpreting the results. First, the 
subjects were from a single hospital and did not necessarily represent all Koreans. Therefore, the generalizability 
of the results is limited. In addition, measurement errors in the indicators could have led to bias. However, our 
study also has an important strength; it identified longitudinal patterns of cMetS in childhood through trajec-
tory analysis of repeated-measures data. We were also able to show that hsCRP, which is a surrogate marker of 
CVD risk, was significantly higher in adolescents whose cMetS was consistently high during childhood through 
longitudinal data analysis.

This study suggests that it is necessary to evaluate the level of metabolic indicators from early childhood to 
identify high-risk groups and provide early intervention to reduce the risk of cardiovascular disease later in life.

Received: 22 April 2021; Accepted: 29 October 2021

References
 1. World Health Organization."fact-sheets:cardiovascular-diseases-(cvds)". Preprint at https:// www. who. int/ news- room/ fact- sheets/ 

detail/ cardi ovasc ular- disea ses- (cvds) (2017)
 2. Korea, Statistics. "Causes of Death Statistics in 2019." (2020)
 3. Choi, E. J. et al. Elevated hs-CRP in patients with stable angina pectoris. Korean J. Med. 82(1), 45–51 (2012).
 4. Koenig, W. et al. Reactive protein, a sensitive marker of inflammation, predicts future risk of coronary heart disease in initially 

healthy middle-aged men: results from the MONICA (Monitoring Trends and Determinants in Cardiovascular Disease) Augsburg 
Cohort Study, 1984 to 1992. Circulation 99(2), 237–242. https:// doi. org/ 10. 1161/ 01. cir. 99.2. 237 (1999).

 5. Cho, Y. G. & Kang, J. H. C-reactive protein and prevention of cardiovascular disease. Kor. J. Obes. 15(2), 81–90 (2006).
 6. Lee, A. M., Gurka, M. J. & DeBoer, M. D. Correlation of metabolic syndrome severity with cardiovascular health markers in 

adolescents. Metabolism 69, 87–95 (2017).
 7. Cho, Y. L. et al. Reference values of carotid artery intima-media thickness and association with atherosclerotic risk factors in 

healthy subjects in Korea. Kor. J. Med. 64(3), 275–283 (2003).
 8. Salonen, J. T. & Salonen, R. Ultrasound B-mode imaging in observational studies of atherosclerotic progression. Circulation 87(3 

Suppl), 56–65 (1993).
 9. Davis, P. H., Dawson, J. D., Riley, W. A. & Lauer, R. M. Carotid intimal-medial thickness is related to cardiovascular risk factors 

measured from childhood through middle age: the Muscatine Study. Circulation 104(23), 2815–2819 (2001).
 10. Lee, J. et al. Carotid artery intima media thickness in obese children: relation with cardiovascular risk factors. Korean J. Pediatr. 

50(11), 1091–1096 (2007).
 11. Raitakari, O. T., Juonala, M., Kähönen, M., Taittonen, L., Laitinen, T., Mäki-Torkko, et al. Cardiovascular risk factors in childhood 

and carotid artery intima-media thickness in adulthood: the Cardiovascular Risk in Young Finns Study. Jama, 290(17), 2277–2283. 
(2003).

 12. Thangiah, N., Chinna, K., Su, T. T., Jalaludin, M. Y., Al-Sadat, N., & Majid, H. A. Clustering and Tracking the Stability of Biologi-
cal CVD Risk Factors in Adolescents: The Malaysian Health and Adolescents Longitudinal Research Team Study (MyHeARTs). 
Frontiers in public health, 8. (2020).

 13. Lee, H. A., Park, B., Min, J., Choi, E. J., Kim, U. J., Park, H. J. et al. Cohort Profile: The Ewha Birth and Growth Study. Epidemiology 
and Health, 43 (2021).

https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://doi.org/10.1161/01.cir.99.2.237


7

Vol.:(0123456789)

Scientific Reports |        (2021) 11:22564  | https://doi.org/10.1038/s41598-021-01566-y

www.nature.com/scientificreports/

 14. Shafiee, G. et al. First report on the validity of a continuous Metabolic Syndrome score as an indicator for Metabolic Syndrome in 
a national sample of paediatric population—the CASPIAN-III study. Endokrynol. Pol. 64(4), 278–284 (2013).

 15. Heshmat, R. et al. Validity of a continuous metabolic syndrome score as an index for modeling metabolic syndrome in children 
and adolescents: the CASPIAN-V study. Diabetol. Metab. Syndr. 9(1), 1–8 (2017).

 16. Lee HA, Choi EJ, Park B, Lee H, Hong YS, Kim HS, et al. The association between metabolic components and markers of inflam-
matory and endothelial dysfunction in adolescents, based on the Ewha Birth and Growth Cohort Study. Plos one, 15(5), e0233469 
(2020).

 17. Lee, J. H. Physical activity pattern of obese children with and without metabolic syndrome. KJPE 45, 599–607 (2006).
 18. Tamayo, T., Herder, C. & 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 10(1), 1–15 (2010).
 19. Ra, J. S. & Gang, M. Physical activity and metabolic syndrome related factors on low income school aged children. J. Kor. Soc. 

Matern. Child Health 19(1), 121–133 (2015).
 20. Seo, M. Y., Kim, S. H., Juul, A., & Park, M. J. Trend of Menarcheal age among Korean girls. J. Kor. Med. Sci., 35(49). (2020).
 21. Nagin, D. Group-based modeling of development Harvard University Press (Mass, 2005).
 22. Jones, B. L. & Nagin, D. S. Advances in group-based trajectory modeling and an SAS procedure for estimating them. Sociol. Methods 

Res. 35(4), 542–571 (2007).
 23. Xue, H. et al. Association of ideal cardiovascular metrics and serum high-sensitivity C-reactive protein in hypertensive population. 

PloS One 8(12), e81597 (2013).
 24. Shanahan, L., Freeman, J. & Bauldry, S. Is very high C-reactive protein in young adults associated with indicators of chronic disease 

risk?. Psychoneuroendocrinology 40, 76–85 (2014).
 25. Huang, R. C. et al. Synergy between adiposity, insulin resistance, metabolic risk factors, and inflammation in adolescents. Diabetes 

Care 32(4), 695–701 (2009).
 26. Eisenmann, J. C. et al. Aerobic fitness, body mass index, and CVD risk factors among adolescents: the Quebec family study. Int. 

J. Obes. 29(9), 1077–1083 (2005).
 27. Eisenmann, J. C., Laurson, K. R., DuBose, K. D., Smith, B. K. & Donnelly, J. E. Construct validity of a continuous metabolic syn-

drome score in children. Diabetol. Metab. Syndr. 2(1), 1–8 (2010).
 28. Ahrens, W., Moreno, L. A., Mårild, S., Molnar, D., Siani, A., De Henauw, S., ... & Pigeot, I. Metabolic syndrome in young children: 

definitions and results of the IDEFICS study. Int. J. Obes., 38(2), S4-S14. (2014).
 29. Okosun, I. S., Lyn, R., Davis-Smith, M., Eriksen, M. & Seale, P. Validity of a continuous metabolic risk score as an index for mod-

eling metabolic syndrome in adolescents. Ann. Epidemiol. 20(11), 843–851 (2010).
 30. Bao, W., Srinivasan, S. R., Wattigney, W. A. & Berenson, G. S. Persistence of multiple cardiovascular risk clustering related to 

syndrome X from childhood to young adulthood: the Bogalusa Heart Study. Arch. Intern. Med. 154(16), 1842–1847 (1994).
 31. Katzmarzyk, P. T. et al. Stability of indicators of the metabolic syndrome from childhood and adolescence to young adulthood: 

the Quebec Family Study. J. Clin. Epidemiol. 54(2), 190–195 (2001).
 32. Lee, J. W., Kim, N., Park, B., Park, H. & Kim, H. S. Blood pressure trajectory modeling in childhood: birth-cohort study. Clin. 

Hypertens. 26(1), 1–6 (2020).
 33. Koskinen, J., Magnussen, C. G., Sinaiko, A., Woo, J., Urbina, E., Jacobs Jr, D. R., et al. Childhood age and associations between 

childhood metabolic syndrome and adult risk for metabolic syndrome, type 2 diabetes mellitus and carotid intima media thick-
ness: the international childhood cardiovascular cohort consortium. J. Am. Heart Assoc. 6(8), e005632. (2017).

 34. Morrison, J. A., Friedman, L. A. & Gray-McGuire, C. Metabolic syndrome in childhood predicts adult cardiovascular disease 25 
years later: the Princeton Lipid Research Clinics Follow-up Study. Pediatrics 120(2), 340–345 (2007).

 35. Huang, R. C. et al. Lifecourse childhood adiposity trajectories associated with adolescent insulin resistance. Diabetes Care 34(4), 
1019–1025 (2011).

 36. Huang, R. C. et al. Lifecourse adiposity and blood pressure between birth and 17 years old. Am. J. Hypertens. 28(8), 1056–1063 
(2015).

 37. Hiura, M., Kikuchi, T., Nagasaki, K. & Uchiyama, M. Elevation of serum C-reactive protein levels is associated with obesity in 
boys. Hypertens. Res. 26(7), 541–546 (2003).

 38. Lambert, M. et al. C-reactive protein and features of the metabolic syndrome in a population-based sample of children and ado-
lescents. Clin. Chem. 50(10), 1762–1768 (2004).

 39. Wijnstok, N. J. et al. Inflammation markers are associated with cardiovascular diseases risk in adolescents: the Young Hearts project 
2000. J. Adoles Health 47(4), 346–351 (2010).

 40. Raitakari, O. T. et al. Cardiovascular risk factors in childhood and carotid artery intima-media thickness in adulthood: the Car-
diovascular Risk in Young Finns Study. Jama 290(17), 2277–2283 (2003).

 41. Bots, M. L., Hoes, A. W., Koudstaal, P. J., Hofman, A. & Grobbee, D. E. Common carotid intima-media thickness and risk of stroke 
and myocardial infarction: the Rotterdam Study. Circulation 96(5), 1432–1437 (1997).

 42. Park, M. H. et al. Adiposity and carotid-intima media thickness in children and adolescents: a systematic review. BMC Pediatr. 
15(1), 1–10 (2015).

 43. Gooty, V. D. et al. Association between carotid intima media thickness, age, and cardiovascular risk factors in children and ado-
lescents. Metab. Syndr. Relat. Disord. 16(3), 122–126 (2018).

 44. Zhao, M. et al. Metabolically healthy obesity and high carotid intima-media thickness in children and adolescents: International 
Childhood Vascular Structure Evaluation Consortium. Diabetes Care 42(1), 119–125 (2019).

Acknowledgements
This research was supported by Basic Science Research Program through the National Research Foundation of 
Korea (NRF) funded by the Ministry of Education (NRF-2017R1D1A1B03030088). It had no role in the design, 
data collection and analysis, decision to publish, or preparation of the manuscript.

Author contributions
E.J.C participated in the study design, performed the statistical analysis, interpreted the data, and drafted the 
manuscript. B.P1. and B.P2. participated in the interpretation of the data and revised the manuscript. H.A.L made 
contributions to the study design as well as interpretation of the data. Y.S.H and H.S.K helped the interpretation 
of the data. H.P. conceived of the study and participated substantially in its design and coordination. All authors 
read and approved the final manuscript. P.B2. Park Bomi; P.B2. Park Bohyun.

Competing interests 
The authors declare no competing interests.



8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:22564  | https://doi.org/10.1038/s41598-021-01566-y

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 01566-y.

Correspondence and requests for materials should be addressed to H.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-01566-y
https://doi.org/10.1038/s41598-021-01566-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Trajectory patterns for continuous metabolic syndrome score in childhood and the cardiovascular risk in adolescence
	Materials and methods
	Study subjects. 
	Indicators of metabolic health. 
	Outcomes. 
	Covariates. 
	Statistical analysis. 
	Ethical approval and informed consent. 

	Results
	Descriptive summary of the cMetS and cMetS components. 
	Correlation between repeated measurements of metabolic syndrome components at different times and ICC. 
	Trajectories of cMetS. 

	Discussion
	References
	Acknowledgements


