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Impact:

e Little is known about the impact of using different definitions of pediatric metabolic
syndrome on study results.

e Our study showed that the choice of pediatric metabolic syndrome definition produces
very different prevalence estimates.

e We also showed that the choice of definition influences the socioeconomic gradient.
However, low socioeconomic status was consistently a risk factor for having pediatric
metabolic syndrome.

e In conclusion, studies using different definitions of metabolic syndrome could be
reasonably compared when investigating the association with socioeconomic status,

but not always validly when comparing prevalence studies



Abstract:
Background: There is no consensus regarding the definition of pediatric metabolic syndrome
(MetS). This study assessed the impact of alternative definitions on the prevalence, children

identified, and association with socioeconomic status (SES).

Methods: Data were from the prospective multigenerational Dutch Lifelines Cohort Study.
At baseline 9,754 children participated, and 5,085 (52.1%) with average follow-up of 3.0
(SD=0.75) years were included in the longitudinal analyses; median ages were 12 (IQR=10-
14) and 14 years (IQR=12-15), respectively. We computed MetS prevalence according to five
published definitions and measured the observed proportion of positive agreement. We used
logistic regression to assess the SES-MetS association, adjusted for age and sex. Longitudinal

models were also adjusted for baseline MetS.

Results: MetS prevalence and positive agreement varied between definitions, from 0.7-3.0%
and 0.34 (95%-C1 0.28; 0.41) to 0.66 (95%-CI 0.58; 0.75) at baseline, respectively. We
consistently found a socioeconomic gradient; in the longitudinal analyses each additional
year of parental education reduced the odds of having MetS by 8% (95%-CI: 1%; 14%) to

19% (95%-ClI: 7%; 30%).

Conclusions: Alternative MetS definitions had differing prevalence estimates and agreed on
50% of the average number of cases. Additionally, regardless of the definition, low SES was

a risk factor for MetS.



Introduction:

Metabolic syndrome (MetS) is defined as a clustering of cardiometabolic risk factors (i.e.
central obesity, dyslipidemia, hyperglycemia, and hypertension), which is associated with
increased cardiometabolic risk (1). In children, there is still very little consensus on how to
define and measure MetS. Notwithstanding the uncertainties surrounding a pediatric MetS
definition, it is considered a useful construct. Due to its high specificity and negative
predictive value, pediatric MetS can be used to identify children who will have lower
cardiometabolic risk as adults (2, 3). There is also evidence to indicate that children with
MetS are at increased cardiometabolic risk later in life, and such risk is highly related to non-
communicable diseases like type 2 diabetes and cardiovascular diseases (4, 5). One study
found that children with MetS were two to three times more likely to develop type 2 diabetes
as adults compared to children without MetS (6). This makes childhood MetS an important
target for potential interventions to reduce the burden of cardiometabolic diseases, which are

among the leading causes of disease burden (7).

The lack of agreement on the definition of pediatric MetS is reflected by the existence of
various definitions (8), which are operationalized to either detect the presence or absence of
MetS (‘dichotomous definition’), or act as a continuous scale which allows for varying
degrees of MetS (‘continuous definition’). A comparative study yielded weak agreement
across four dichotomous MetS definitions (1), and the choice of different definitions can
result in considerably differing prevalence estimates (9). Associated with this, the choice of
definition may also influence other findings, such as the strength of associations with both
risk factors and health outcomes, but evidence on this topic is scarce. One study showed that
the association between insulin sensitivity and pediatric MetS according to four of the most

common definitions were quite similar (10). However, in this study less stringent versions of



these MetS definitions were used, and the level of agreement between the different
definitions was not investigated (10). The heterogeneity seen among MetS definitions
influences the comparability of research, as the various definitions may regard rather
different children. This is important to consider, as it hampers a synthesis of the evidence to

guide researchers, clinicians, policy makers, and other healthcare professionals.

A wealth of evidence indicates that socioeconomic status (SES) is a fundamental determinant
of health (11), including non-communicable diseases like type 2 diabetes and CVD, but little
is known about its association with pediatric MetS. Given the evidence on a socioeconomic
gradient whereby lower SES is associated with worse health outcomes (12), such as obesity
(13) and future cardiometabolic diseases, we believe SES is an important risk factor for
pediatric MetS (14, 15). However, this association has been understudied. There is some
cross-sectional evidence, which supports an inverse association between SES and MetS in
childhood (16, 17), but as these studies use different definitions of MetS, it is not clear
whether their findings can be compared. More evidence is needed, especially from
longitudinal studies, to determine the relationship between SES and pediatric MetS, and

whether its strength differs across definitions of MetS.

Our study aims to fill the aforementioned gaps by assessing the impact of using different
definitions of pediatric MetS on (a) its prevalence and the extent to which definitions identify

the same children, and (b) its association with SES, cross-sectionally and longitudinally.



Methods

Setting and population

Data were used from the prospective multigenerational Dutch Lifelines Cohort Study (18,
19). Briefly, Dutch speaking individuals aged 25-49 were asked to participate by their
physicians. Those who accepted were subsequently asked to invite their family members.
Individuals could also self-register through the Lifelines website. Ultimately, 167,729
individuals participated in the baseline assessments, during which participants filled out
questionnaires and, if aged eight years or older, underwent physical exams. For the purpose
of this paper, Lifelines provided the data of 15,042 children aged 0-17 at baseline along with
the relevant parental data. Children under eight years of age at baseline (n=5,288) were
excluded, as the components of MetS were not assessed in this age group. This resulted in
9,754 participants eligible for inclusion during the baseline assessment. Written informed
consent was obtained for each participant prior to participating in the cohort. The Lifelines
Cohort study is conducted according to the conventions set forth in the Declaration of
Helsinki, and it has received approval from the Medical Ethics Committee of the University
Medical Center Groningen (METc approval number: 2007/152). A detailed description of the

recruitment strategy and data collection can be found elsewhere (18).

Procedures and Measures

Participants completed questionnaires and underwent physical exams and venous blood
draws during both the baseline (2007-2014 and 2010-2014 in adults and children,
respectively) and second assessment (2014-2018). Questionnaire data was self-reported and
covered various topics including demographics. Physical exams and venous blood draws

were conducted by trained research nurses using a standardized protocol.



MetS was defined using four of the most commonly used dichotomous definitions (Cook
(20), de Ferranti (21), IDEFICS (1), and IDF (22)) and a continuous MetS score (cMetS)
(23). Operationalizing the definitions required the use of anthropometric measurements and
blood pressure recorded during the physical exams, and fasting glucose, triglyceride, and
high-density lipoprotein (HDL) levels assessed using venous blood samples. Age- and sex-
specific percentiles for these risk components were also used. These percentiles were taken
from a study with a sample of 1,976 French children, excluding children with obesity or
thinness (of at least grade 2), resulting in a healthier range of body mass index values (24).

The exact operationalization of the dichotomous MetS definitions is shown in Table 1.

The cMetS score was dichotomized to allow for comparison with the other MetS definitions.
To construct the cMetS score, we standardized and summed the residuals for the MetS
components; mean arterial pressure was used instead of both systolic and diastolic blood
pressure (23). This approach allowed for systolic and diastolic blood pressure to be counted
as one risk factor so that blood pressure could be given the same weighting as in the
dichotomous definitions of MetS (23). We selected a cut-off point to dichotomize the
continuous score that would result in a baseline prevalence equivalent to the mean prevalence

of the existing dichotomous definitions at baseline.

SES was measured using either the child’s mother’s or father’s highest level of education,
whichever was higher. If only one parent was registered in Lifelines at baseline, then data
from that parent was used. Education was defined as the minimal years of education needed
to achieve their highest education level. This was assessed by asking parents about the
highest educational level they attained, with eight potential response categories ranging from

‘no education’ to university. In an approach similar to De Graaf et al. (25), these categories



were recoded into years of education using the number of years it would take to complete
each category by the fastest route possible, though ‘no education’ was recoded as five years
of education. Parental education was used as a measure of SES, as it has been theorized that
education may be the strongest predictor of cardiovascular health due to its influence in
shaping an individual’s values, health behaviors, and problem-solving abilities (26). To verify
this, we conducted sensitivity analyses using equivalized household income (income) and

occupation, measured using Treiman’s Standard International Occupational Prestige Scale

(SIOPS) (27).

Statistical Analysis

We first described the demographic and clinical characteristics of the sample during both
assessments. Additionally, we compared the baseline characteristics of those included and
excluded from the second assessment. Second, we assessed the extent to which the different
MetS definitions identify the same children. We did so by measuring the agreement between
pairs of dichotomous MetS definitions at both assessments, by using the observed proportion
of positive agreement (28), which indicated either excellent agreement (>0.75), fair to good
agreement (0.4-0.75), or moderate to poor agreement (<0.4) (29). Lastly, we assessed the
associations between parental education and MetS status at both assessments using logistic
regression models to assess the impact of using different MetS definitions. Sensitivity
analyses were also conducted using income and occupation as different proxies of SES. We
estimated the logistic regression models using a data set in which we imputed missing values
for independent and dependent variables. As all missing variables were numeric, we used the
predictive mean matching (20 imputations) method from mice (v3.7.0) (30); low-density
lipoprotein, total cholesterol, glycated hemoglobin, weight, height, hip circumference, body

mass index, mean arterial pressure, age, and sex were included as predictors of the missing



variables. All models were adjusted for age and sex; longitudinal models were also adjusted

for baseline MetS. Analyses were conducted using R statistical software version 3.5.2 (31).



Results

Sample Characteristics

The cross-sectional sample consisted of 9,754 children. From this sample, 5,085 (52.1%)
children were included in the longitudinal analyses, as 3,524 (36.1%) children were lost to
follow-up and 1,145 (11.8%) children became 18 years old during follow-up; children who
turned 18 years old were excluded because at adulthood (after age 18) other MetS definitions
are applied. Table 2 provides a summary of the demographic and clinical characteristics of
the children included at each assessment. On average, the length of follow-up for our sample
was three years (standard deviation (sd): 0.75). The children excluded from the second
assessment were older, had a higher prevalence of MetS, and came from slightly lower SES

backgrounds than the children included in the analyses (Table 3).

Prevalence and Agreement of Definitions

For most definitions, the prevalence of MetS increased between the baseline and second
assessment. Additionally, each definition produced different prevalence estimates, with a
more than four-fold difference between the lowest and highest estimates (Table 2). There was
generally fair to good agreement between MetS definitions. The level of agreement ranged
from 0.34 (95% confidence interval (Cl): 0.28; 0.41) to 0.66 (95%CI: 0.58; 0.75) at baseline,
and from 0.32 (95%CI: 0.25; 0.39) to 0.74 (95%CI: 0.68; 0.80) at the second assessment,
showing general improvement of agreement during the second assessment (Table 4). The
agreement between the de Ferranti and IDF definitions was moderate to poor at both
assessments, and between the de Ferranti and cMetS definitions moderate to poor at the

second assessment (Table 4).
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Association between SES and MetS: Cross-sectional and Longitudinal

In the cross-sectional analyses, all MetS definitions showed an inverse association with
parental education, with additional years of education protecting against MetS (Table 5). The
strengths of these associations varied across the definitions, but the confidence intervals of
the odds ratios did overlap and differed little between the unadjusted and adjusted analyses
(Table 5). In the adjusted analyses, for each additional year of parental education, the odds of
having MetS compared to not having MetS ranged from a decrease of 15% (95%CI: 10%);
19%) to a decrease of 23% (95%CI: 13%; 31%) (Table 5), depending on the definition used.

The sensitivity analyses yielded similar findings (Table 5).

In the longitudinal analyses, all MetS definitions maintained an inverse association between
parental education and MetS over time (Table 5). In the adjusted longitudinal models, each
additional year of parental education reduced the odds of having MetS compared to not
having MetS by 8% (95%CI: 1%; 14%) to 19% (95%CI: 7%; 30%) (Table 5), depending on
the definition used. Similar results were also seen when using occupation to measure SES;
however, when using income, there was no longer any association with MetS (Table 5).
Generally, the cross-sectional and longitudinal associations were similar, with overlap

between the confidence intervals (Table 5).
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Discussion

Across the definitions the average agreement was about 0.50 (i.e. the pairs of definitions
agreed on 50% of the average number of cases). While this level of agreement between
definitions is considered fair to good from a statistical point of view, the choice of definitions
did influence the prevalence estimates, leading to a more than four-fold difference between
the highest and lowest estimates. Additionally, the choice of definition influenced the
estimated strength of the association between SES and MetS, resulting in an average of a 9.5
percentage point difference between the highest and lowest estimates. However, regardless of
which definition was used, the results showed a socioeconomic gradient, whereby children
from low SES backgrounds were more likely to have MetS than children from higher SES
backgrounds. For example, if we use the most conservative estimate from the longitudinal
analyses, children whose parents completed university education would have an additional
28.4% reduction in the odds of having MetS compared to children whose parents only

completed secondary school.

The different definitions produced varying prevalence estimates, confirming previous
findings (9). However, we generally found fair to good agreement between definitions,
whereas a previous study using kappa indices to measure agreement found poor agreement
between the Cook (20), IDEFICS (1), and IDF (22) definitions (1). This could be partly
explained by differences in the age of the cohorts, with the cohort in this previous study being
much younger (aged 2-9 at baseline) than our cohort (1). This hypothesis is in line with our
finding that the level of agreement of MetS definitions increased at the second assessment,
which may be explained by the increased prevalence of MetS as children age and accumulate
more risk factors. It is important to note that the prevalence of pediatric MetS is relatively

low. A global review estimated the median prevalence was 3.3% (9). The cohort in the

12



aforementioned study also reported a rather low prevalence (0.4-5.5%) (1). Low prevalence
estimates are known to unduly influence agreement when measured using kappa (1, 32). We
therefore chose not to use kappa and instead used the observed proportion of positive

agreement, which indicates the proportion of agreement across the average number of MetS

cases and is not dependent on prevalence.

We found that the more stringent definitions of MetS, such as the IDF definition in which
increased waist circumference is a prerequisite (22), typically led to stronger associations
with SES. However, all definitions consistently showed a socioeconomic gradient whereby
children from low SES backgrounds were more likely to develop MetS than children from
higher SES backgrounds. However, we did not find an association between income and MetS
during the second assessment. Our findings are generally consistent with previous research
into the association between SES and MetS (16, 17). Furthermore, our finding that the choice
of MetS definition did not overly influence the overall findings of our study is also consistent
with previous research, which looked at the association between MetS and insulin sensitivity
(10). Therefore, we feel that future research into the socioeconomic gradient of MetS among

children can safely apply any of the MetS definitions used in this paper.

Strengths and Limitations

The strengths of this study lie in its large sample size, its community-based nature, and the
high-quality data derived from Lifelines (16). The standardized protocol for performing
physical exams and collecting blood samples resulted in accurate measures of the various
components of MetS. This, in addition to the large sample size, allowed us to more fully

implement various MetS definitions compared to a previous study (10).
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It is important to point out some limitations of this study as well. First, the children lost to
follow-up come from slightly lower SES backgrounds and have a higher prevalence of MetS,
so not accounting for them could introduce selection bias into the study (Table 3).
Additionally the prevalence of MetS according to the IDF (22) definition may have been
underestimated due to a lack of medication information (22). This likely led to non-
differential misclassification of the outcome which would result in an underestimation of the
strength of the association; however, dyslipidemia and hypertension in children are primarily
treated through lifestyle interventions (33, 34), so there was likely minimal misclassification
present. It should also be noted that we could not account for pubertal status, which is known
to influence cardiometabolic risk factors (35). For example, puberty influences insulin
resistance, which is why some believe it plays a role in the development of adverse metabolic
health (36). Lastly, we could not account for ethnic difference due to our cohort consisting
mainly of Caucasians, which is representative of this region of the Netherlands (37). This

definitely deserves further study.

Implications

Our study added empirical evidence to understand the comparability of findings using
different definitions of MetS. Given the lack of a universal definition of pediatric MetS, this
is highly relevant for the interpretation of studies investigating the prevalence and
socioeconomic gradient of MetS. Although the classification of the agreement between the
definitions can be considered fair to good, it may not be wise to compare prevalence studies
that use different definitions of MetS because they may differentially classify which children
do or do not have MetS. However, when comparing results of studies looking at the

association between SES and MetS which use different definitions, it is probably a reasonable
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assumption that the studies captured similar enough groups of children. Further research is

needed to ensure that this holds true for other associations as well.

The difficulty in comparing prevalence studies highlights the need for a unifying definition of
pediatric MetS. While most definitions agree on which risk factors comprise MetS, there is
still some disagreement about whether or not certain risk factors are prerequisite (e.g. waist
circumference in the IDF definition). Additionally, the various definitions tend to use
different cutoffs for these risk factors. As shown in our results, these differences have
implications for the identification of cases. To create a unifying MetS definition, it may be
helpful to first gain a more in-depth understanding of the biological pathways involved in
MetS. This would allow for further discussion as to what are the key components of MetS,

whether certain components are a precondition, and which cutoffs should be implemented.

Given the stability of the results, when studying the association between SES and MetS one
could choose to employ the MetS definition which is most easy to apply given the available
data or given the resources available to collect data. This is especially beneficial for
researchers using data from routine healthcare services that may not have all available data
recorded. Furthermore, it is unclear whether using these pediatric definitions as prognostic or
predictive indicators of future cardiometabolic health would lead to different results. For this
reason, we need further studies to compare which definitions of pediatric MetS are most

predictive of future cardiometabolic risk.

In addition, our findings support previous advice that special attention should be given to the
prevention of MetS in children from low SES backgrounds, as they are particularly at risk of

developing MetS. As previously stated, it is important to note that these findings may not be
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applicable to other ethnic groups. However, we feel that our findings are relevant to other

Caucasian populations.

Conclusion

The existing definitions of MetS generally agreed on 50% of the average number of cases of
MetS, and consistently show that low SES is an important risk factor of having MetS. This
stresses the importance of devoting more resources to reducing MetS among people with low
SES; reducing this socioeconomic gradient would benefit the well-being and growth of both

individuals and society (38).
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Table 1. Description of five regularly applied definitions of pediatric metabolic syndrome, with age- and sex-specific percentiles

MetS
Definition

Conditions for MetS
diagnosis

Risk Factors

Blood Pressure
(Systolic or Diastolic)

Fasting
Glucose

HDL Cholesterol

Triglycerides

Waist
Circumference

Cook

de Ferranti

IDF
(8-<16
years)

IDF
(= 16 years)

IDEFICS

Presence of any of the three
risk factors

Presence of any of the three
risk factors

Presence of elevated waist
circumference and two other
risk factors
Presence of elevated waist
circumference and two other
risk factors
Presence of any of the three
risk factors

> 90™ percentile
> 90" percentile

Systolic > 130 mmHg or
Diastolic > 85 mmHg

Systolic > 130 mmHg or
Diastolic > 85 mmHg

> 90" percentile

> 6.1 mmol/L

> 6.1 mmol/L

> 5.6 mmol/L

> 5.6 mmol/L

> 90™ percentile

<1.03 mmol/L

< 1.3 mmol/L (< 1.17
mmol/L for males aged
15-18 years)

< 1.03 mmol/L

Males: < 1.03 mmol/L
Females: < 1.29 mmol/L

< 10" percentile

>1.24 mmol/L

> 1.1 mmol/L

> 1.7 mmol/L

> 1.7 mmol/L

> 90" percentile

> 90" percentile
> 75" percentile

> 90" percentile or
adult cut-off, if lower

Males: >94 cm
Females: >80 cm

> 90™ percentile
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Table 2. Characteristics of the study population at baseline and at the second assessment. The number of participants and percentages are shown for categorical variables,
means and standard deviations are given for normally distributed continuous variables, and the median and interquartile range are provided for non-normally distributed

continuous variables.

Cross-Sectional Sample n= 9754

Longitudinal Sample n = 5085

Baseline Assessment

Baseline Assessment

Second Assessment

Mean (SD), Missing n Mean (SD), Missing n Mean (SD), Missing n
Median [IQR], (n%) Median [IQR], (n%) Median [IQR], or (n%)
or n (n%) or n (n%) n (n%)
Sex Male 4634 (47.5%) 2517 (49.5%) 2517 (49.5%)
Female 5120 (52.5%) 2568 (50.5%) 2568 (50.5%)
Age (years) 12 [10 - 14] 11[9-12] 14 [12 - 15]
MetS Components:
Fasting Glucose (mmol/L) 4.67 (0.49) 1864 (19.1%) 4.65 (0.42) 1006 (19.8%) 4.67 (0.44) 1033 (20.3%)
HDL males (mmol/L)? 1.55 (0.33) 742 (7.6%) 1.61 (0.34) 849 (16.7%) 1.46 (0.33) 432 (17.3%)
HDL females (mmol/L)? 1.56 (0.33) 815 (8.4%) 1.58 (0.33) 849 (16.7%) 1.49 (0.34) 448 (17.3%)
Triglycerides (mmol/L) 0.65[0.49-0.87] 1557 (16.0%)  0.61[0.46 —0.82] 849 (16.7%) 0.71[0.55-0.94] 880 (17.3%)
Diastolic Blood Pressure (mmHg) 59.47 (6.26) 76 (0.8%) 58.52 (6.01) 26 (0.5%) 60.96 (6.15) 7 (0.1%)
Systolic Blood Pressure (mmHQ) 106.4 (10.78) 76 (0.8%) 104.1 (9.92) 26 (0.5%) 112.5 (11.22) 7 (0.1%)
Waist Circumference males (cm)? 67.4 (9.28) 32 (0.3%) 64.8 (8.11) 9 (0.2%) 70.7 (8.7) 2 (0.04%)
Waist Circumference females (cm)? 67.2 (9.35) 30 (0.3%) 64.5 (8.18) 8 (0.2%) 69.2 (8.7) 2 (0.04%)
MetS Prevalence:
cMetS 173 (1.8%) 1905 (19.5%) 71(1.4%) 1033 (20.3%) 65 (1.3%) 1044 (20.5%)
Cook 105 (1.1%) 1905 (19.5%) 43 (0.8%) 1033 (20.3%) 92 (1.8%) 1044 (20.5%)
de Ferranti 297 (3.0%) 1905 (19.5%) 126 (2.5%) 1033 (20.3%) 232 (4.6%) 1044 (20.5%)
IDEFICS 225 (2.3%) 1905 (19.5%) 122 (2.4%) 1033 (20.3%) 135 (2.7%) 1044 (20.5%)
IDF 64 (0.7%) 1905 (19.5%) 22 (0.4%) 1033 (20.3%) 52 (1.0%) 1044 (20.5%)
SES:
Years of education 12 [12 - 15] 75 (0.8%) 12 [12 - 15] 26 (0.5%) 12 [12 - 15] 26 (0.5%)
Equivalized household income® 1375 1,375 1375
! [1050 — 1677.1] 980 (10.0%) [1,122.7 - 1,677.1] 501 (9.9%) [1122.7 - 1677.1] 501 (9.9%)
Occupation® 48.65 (12.36) 103 (1.1%) 49.11 (12.12) 42 (0.8%) 49.11 (12.12) 42 (0.8%)

2@ HDL and waist circumference are reported separately for males and females as the MetS definitions in table 1 give sex-specific cutoffs for these values
® Equivalized household income: Calculated as the net household income in Euros divided by the square root of the number of individuals who live off of the income.
¢ Occupation: Measured using the standard international occupational prestige scale (SIOPS), which is a continuous measure of occupation. It focuses on the prestige an

occupation gives its holder, not on the incomes associated with occupations.
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Table 3. Description of the study population at baseline (n = 9,754), stratified by those who participated in the second assessment and those who were lost to follow-up. The
number of participants and percentages are shown for categorical variables, means and standard deviations are given for normally distributed continuous variables, and the

median and interquartile range are provided for non-normally distributed continuous variables.

Included n = 5,085

Excluded n = 4,669

Mean (SD),

Mean (SD), Median Missing n Median [IQR]. or Missing n P_valued
0, 0] ’ 0]
[IQR], or n (n%o) (n%o) n (n%) (n%o)
Male 2517 (49.5%) 2117 (45.3%)
Sex Female 2568 (50.5%) 2552 (54.7%) <0.001
Age (years) 11[9-12] 14 [11-16] <0.001
MetS Components:
Fasting Glucose (mmol/L) 4.65 (0.42) 1006 (19.8%) 4.68 (0.55) 858 (18.4%) 0.023
HDL males (mmol/L)? 1.61 (0.34) 849 (16.7%) 1.49 (0.33) 325 (7.0%) <0.001
HDL females (mmol/L)? 1.58 (0.33) 849 (16.7%) 1.54 (0.33) 383 (8.2%) <0.001
Triglycerides (mmol/L) 0.61[0.46 - 0.82] 849 (16.7%) 0.69 [0.52 - 0.92] 708 (15.2%) <0.001
Diastolic Blood Pressure (mmHg) 58.52 (6.01) 26 (0.5%) 60.52 (6.36) 50 (1.1%) <0.001
Systolic Blood Pressure (mmHQ) 104.1 (9.92) 26 (0.5%) 108.8 (11.15) 50 (1.1%) <0.001
Waist Circumference males (cm)? 64.8 (8.11) 9 (0.2%) 70.6 (9.62) 23 (0.5%) <0.001
Waist Circumference females (cm)? 64.5 (8.18) 8 (0.2%) 69.9 (9.68) 22 (0.5%) <0.001
MetS Prevalence:
cMetS 71(1.4%) 1033 (20.3%) 102 (2.2%) 872 (18.7%) 0.006
Cook 43 (0.8%) 1033 (20.3%) 62 (1.3%) 872 (18.7%) 0.035
de Ferranti 126 (2.5%) 1033 (20.3%) 171 (3.7%) 872 (18.7%) 0.001
IDEFICS 122 (2.4%) 1033 (20.3%) 103 (2.2%) 872 (18.7%) 0.469
IDF 22 (0.4%) 1033 (20.3%) 42 (0.9%) 872 (18.7%) 0.008
SES:
Years of education 12 [12 - 15] 26 (0.5%) 12 [12 - 15] 49 (1.0%) <0.001
Equivalized household income® 1,375 1,375 0.012
[1,122.7 - 1,677.1] 501 (3.9%) [1,010.4 - 1,677.1] 479 (10.3%)
Occupation® 49.11 (12.12) 42 (0.8%) 48.15 (12.60) 61 (1.3%) <0.001

@ HDL and waist circumference are reported separately for males and females as the MetS definitions in table 1 give sex-specific cutoffs for these values

b Equivalized household income: Calculated as the net household income in Euros divided by the square root of the number of individuals who live off of the income.

¢ Occupation: Measured using the standard international occupational prestige scale (SIOPS), which is a continuous measure of occupation. It focuses on the prestige an
occupation gives its holder, not on the incomes associated with occupations.

d p-values from testing the difference in proportions, mean, and median values between the two groups using chi-square test, t-test, or Mann-Whitney U test, respectively
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Table 4. Observed proportion of positive agreement between the cases identified by each MetS definition
during the baseline (n = 7849) and second (h = 4041) assessment.

Positive Agreement (95% Confidence Interval)

cMetS

Cook

de Ferranti

IDEFICS

IDF

Baseline Assessement

cMetS
Cook

de Ferranti
IDEFICS
IDF

Second Assessement

cMetS
Cook

de Ferranti
IDEFICS
IDF

0.52 (0.45; 0.59) 0.49 (0.43; 0.54)

0.51 (0.45; 0.57)

0.55 (0.45; 0.64) 0.36 (0.29; 0.43)

0.56 (0.49; 0.62)

0.52 (0.46; 0.58)
0.60 (0.53; 0.66)
0.58 (0.54; 0.64)

0.46 (0.37; 0.56)
0.74 (0.68; 0.80)
0.63 (0.57; 0.69)

0.46 (0.38; 0.53)
0.66 (0.58; 0.75)
0.34 (0.28; 0.41)
0.39 (0.32; 0.46)

0.51 (0.40; 0.62)
0.60 (0.50; 0.69)
0.32 (0.25; 0.39)
0.47 (0.38; 0.56)
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Table 5. Associations between parental SES indicators and dichotomized MetS in the cross-sectional (n = 9754) and longitudinal (n = 5085) analyses, by MetS definition:
unadjusted and adjusted results of logistic regression models

Unadjusted, odds ratio? (95% confidence interval)

Adjusted®, odds ratio? (95% confidence interval)

cMetS Cook de . IDEFICS IDF cMetS Cook de . IDEFICS IDF
Ferranti Ferranti
Cross-sectional
Education® 0.81 0.79 0.84 0.84 0.75 0.82 0.80 0.85 0.84 0.77
(0.75;0.87)  (0.72;0.86)  (0.80;0.89)  (0.79;0.90)  (0.67;0.84) | (0.76;0.88)  (0.73;0.88)  (0.81;0.90) (0.79;0.89)  (0.69; 0.87)
Incomed 0.95 0.93 0.96 0.96 0.90 0.95 0.93 0.96 0.96 0.90
(0.92;0.98) (0.89;0.97) (0.93;0.99) (0.93;0.99) (0.85;0.95) | (0.92;0.98) (0.89;0.97) (0.94;0.99) (0.93;0.99)  (0.85;0.96)
Occupation® 0.77 0.77 0.81 0.80 0.75 0.78 0.79 0.82 0.80 0.77
P (0.68;0.87) (0.67;0.90) (0.74;0.89)  (0.72;0.89)  (0.62;0.91) | (0.69;0.88) (0.68;0.92) (0.75;0.89) (0.72;0.89)  (0.64;0.94)
Longitudinal
Education® 0.79 0.82 0.89 0.85 0.76 0.84 0.85 0.92 0.87 0.81
(0.71;0.88)  (0.74;0.90) (0.84;0.95)  (0.78;0.92)  (0.67;0.86) | (0.75;0.95) (0.77;0.95)  (0.86;0.98)  (0.80;0.96)  (0.70;0.93)
Incomed 0.95 0.94 0.98 0.95 0.93 0.95 0.96 0.98 0.96 0.95
(0.89;1.00) (0.90;0.99) (0.95;1.01) (0.92;0.99) (0.87;1.00) | (0.89;1.01) (0.91;1.01) (0.95;1.02) (0.92;1.00)  (0.88;1.02)
Occupation® 0.66 0.74 0.85 0.77 0.64 0.67 0.77 0.88 0.81 0.67
P (0.55;0.79) (0.63;0.87) (0.76;0.94)  (0.67;0.88)  (0.52;0.79) | (0.55;0.83)  (0.65;0.91) (0.79;0.99) (0.70;0.93)  (0.53;0.84)

2 Odds ratios for continuous predictors are interpreted per unit increase of the predictor. E.g., the OR 0.82 (education/cMetS) implies that for each additional year of parental

education, the odds of having MetS compared to not having MetS decreased by 18%. Thus, 16 years of parental education (university) gives an additional 54.8% reduction in
the odds of having pediatric MetS compared to 12 years of education (secondary school).
b Adjusted for age and sex, and in longitudinal analyses, baseline MetS status
¢ Education: measured as the number of years necessary to achieve the highest level of education recorded within Lifelines
d Equivalized household income (income): Calculated as the net household income in Euros divided by the square root of the number of individuals who live off of the
income, and scaled to per 100 euros.
¢ Occupation: Measured using the standard international occupational prestige scale (SIOPS), which is a continuous measure of occupation. It focuses on the prestige an
occupation gives its holder, not on the incomes associated with occupations. The results have been scaled to per 10 units of prestige.
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