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Abstract


Background: It is still controversial whether the joint effect of Metabolic syndrome (MetS) components is greater than that expected based on their independent effects, regarding type 2 diabetes mellitus in adolescents. We evaluated additive and multiplicative interactions between pair-wise combinations of metabolic syndrome components regarding type 2 diabetes mellitus. Methods: We studied 37,815 Brazilian adolescents from a national school-based survey, The Study of Cardiovascular Risk Factors in Adolescents (Portuguese acronym, ERICA). A Poisson regression model was used to calculate sex-, age-, obesity-, smoking status-, sedentary behavior-, physical inactivity-, alcoholic consumption- and socioeconomic status-adjusted prevalence ratios to evaluate both additive and multiplicative interactions. Results: In the comparison of observed and expected joint effects, relative excess risk due to additive interaction (RERI) for high triglycerides and low high-density lipoprotein-cholesterol, high triglycerides and elevated waist circumference, elevated waist circumference and low high-density lipoprotein-cholesterol and elevated waist circumference and high blood pressure were 2.53 (−0.41, 5.46), 2.86 (−2.89, 8.61), 1.71 (−1.05, 4.46) and 0.97 (0.15, 1.79), respectively, thus suggesting additive interactions. Multiplicative interactions for those pairs of components were also observed, as expressed by interaction ratios > 1.0. Conclusions: The joint presence of some of the components of MetS showed a greater association with the prevalence of type 2 diabetes mellitus in adolescents than expected from the sum of their isolated effects. From a public health perspective, preventing one of the components of the pairs that interact may result in a greater reduction in the prevalence of T2DM than focusing on an individual component that does not interact with another component.
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1. Introduction


Type 2 diabetes mellitus (T2DM) is an important public health concern in adolescents, with a rising incidence occurring in parallel with increasing rates of childhood obesity [1] and its complications [2], such as renal disease and neuropathy [3]. Defects in insulin action and responses are present in the early stages of diabetes [2].



Childhood-onset T2DM is characterized by rapid progression to beta-cell failure [2]. The clinical presentation of diabetes has a broad spectrum, from mild symptoms to diabetic ketoacidosis [4]. Children are often diagnosed in mid to late puberty and most are obese. In T2DM’s mildest form, approximately one-third of children have shown to be asymptomatic (considering the typical diabetes symptoms) and their disease was detected by screening [5]. In addition, they usually have associated metabolic syndrome components, such as hypertension and dyslipidemia [5].



The term Metabolic Syndrome (MetS) is used to describe a complex pathophysiological connection between risk factors for T2DM and cardiovascular disease (CVD) [6,7]. According to the International Diabetes Federation (IDF), components of MetS are central obesity, triglycerides (TG), high-density lipoprotein-cholesterol (HDL-c), blood pressure (BP), and fasting plasma glucose (FPG) [8]. Those conditions share common pathways, mechanisms, and mediators [9]. Insulin resistance and central obesity are especially related to the development of MetS [8]. Due to rising trends of obesity and overweight in adolescents [10], the prevalence of MetS in adolescents is high in the U.S., the Middle East, and South America, particularly in Brazil and Colombia [7].



Several different criteria have been used to define MetS in adolescents [11], which may contribute to the variability of MetS prevalence: ranging from 0.3% in Colombia [12] to 26.4% in Iran [7,13]. Despite the apparent agreement on defining MetS components, there are differences in their cut-off points to define the syndrome.



Based on a literature review conducted in 2007, there were 46 different definitions of MetS in children and adolescents. Most of these definitions were adapted from the adult definition developed by the National Cholesterol Education Program [14]. In a recent systematic review, the most frequently used definition in children and adolescents was that from the IDF [8], followed by those of Cook [15], Ford [16], and Ferranti [17].



An important point pertaining to the definition of MetS as a syndrome is whether the co-occurrence of its components results in a greater risk of the outcome than would be expected by the sum of their independent effects. If the co-occurrence of MetS components does not imply a greater risk of diabetes than the mere sum of its independent effects, then we may question the term “syndrome” from the viewpoint of this construct [18]. Few studies have evaluated interactions among components of the metabolic syndrome [19,20,21,22,23,24]. In particular, little is known about interactions between pediatric MetS components and diabetes mellitus, which is the focus of our study. The presence of additive interaction is especially relevant to the prevention and public health in general, as the disease burden in the community should be measured in absolute, not relative, excess risk [25]. In other words, the presence of a positive additive interaction should be the framework of preventive strategies and public health policies, even when there is negative or null multiplicative interaction [26]. On the other hand, multiplicative interaction is preferable to assess causal relationships [27]. In the present study, the aim was to evaluate additive as well as multiplicative interactions among combinations of metabolic syndrome components, using T2DM as the outcome.




2. Materials and Methods


2.1. Study Design and Sample


The Study of Cardiovascular Risk Factors in Adolescents (Portuguese acronym, ERICA) was a national, multicenter, school-based, cross-sectional survey that included 75,000 adolescents aged 12 to 17 years from 1247 schools located in 122 municipalities with ≥100,000 inhabitants, conducted in 2013–2014. This analytic sample reflected the exclusion of 4 schools located in 2 municipalities, which refused participation [28]. Among the 72,508 students on the morning shift, of the total 102,327 eligible students, 37,815 (52,2%) adolescents from 111 municipalities had complete information from questionnaire data, anthropometrics, blood pressure, and fasting blood analyses [28].



The multistage sampling used stratification from 32 geographical areas (26 State capitals, Federal District, and 5 macro-regions). All local Ethics Committees approved the study procedures. A detailed description of the study design has been published [29,30].




2.2. Anthropometric and Blood Pressure Measurements


Waist circumference (WC) was measured with an anthropometric fiberglass tape, Sanny®. The measurement was taken at the medium point between the lower costal margin and the highest point of the iliac crest [30]. High WC was defined as values ≥ 90th percentile for those aged 10 to <16 years old; ≥90 cm for males, and ≥80 cm for females for those aged 16 years old and over [31].



Systolic and diastolic blood pressures were measured using the automatic oscillometric device Omron® 705-IT (Omron Healthcare, Bannockburn, IL, USA). The appropriate cuff size was used, with the subject sitting with their feet flat on the ground [30]. Three consecutive measures were taken with intervals of 3 min. The average of the 2nd and 3rd BP readings was used to reduce the impact of reactivity on the BP values. High BP was defined as systolic or diastolic pressures of ≥130 or ≥85 mmHg, respectively [8].




2.3. Biochemical Assays


Only students in the morning classes (our analytic sample) had their blood samples collected [30]. All participants were instructed to fast overnight for 12 h before blood was collected the next morning. A thorough description of blood collection procedures as well as quantitative internal and external quality control procedures are available elsewhere [32]. Serum triglyceride, glucose, and HDL-c levels were measured using the enzymatic kinetics assay, hexoquinase method, and enzymatic colorimetric assay, respectively.




2.4. Metabolic Syndrome Definition


The International Diabetes Federation (IDF) MetS’s definition considered elevated WC and the presence of two or more risk factors: elevated TG ≥ 150 mg/dL; and/or high glucose ≥ 100 mg/dL; and/or low HDL-c < 40 mg/dL (for boys aged 12–17 years and girls aged 12–15 years or HDL-c < 50 mg/dL in girls aged 16 and 17 years); and/or high BP ≥ 130/85 mmHg [31].




2.5. Outcome Definition


T2DM was defined by diagnosed and undiagnosed diabetes. Diagnosed diabetes was identified by whether a physician had told the participants that they had diabetes and whether participants used any diabetes treatment recommendation. Undiagnosed diabetes was defined as glucose ≥ 126 md/dL or HbA1C ≥ 6.5% and characterized by the absence of a physician’s identification [33]. Participants who declared they were using insulin and who were classified as having diabetes type 1 were not considered, as the focus of the study was T2DM.




2.6. Statistical Analysis


Means and standard deviations for continuous variables with normal distributions were calculated. For other variables, medians and interquartile ranges were calculated. Normality was evaluated by the Shapiro-Wilk test.



ERICA’s complex sampling design and sampling weights were considered in the analyses [29].



Based on the definition of MetS by IDF, there were six pair-wise combinations for the evaluation of first-order interactions, as follows: HDL-c * TG; TG * WC; HDL-c * WC; BP * WC; BP * TG and BP * HDL-c for the association with T2DM. Since impaired fasting glucose is a strong predictor of T2DM and is included in the definition of metabolic syndrome, we decided not to use the glucose component to evaluate possible interactions between metabolic syndrome components and T2DM [18]. Our strategy to evaluate interactions was a Comparison of Observed and Expected Joint Effects [26].



The interaction was assessed on additive and multiplicative scales. While positive additive interaction is important to assess the public health need of an intervention, multiplicative interaction is preferable to assess causal relationships [27].



We used Poisson regression models to evaluate both additive and multiplicative interactions among pair-wise clusters of metabolic syndrome components (regarding T2DM) in the stratum formed by at least a third component, thus defining the presence of MetS. For example, when assessing the pair-wise combination of elevated WC and high TG, we examined their 1st order interaction in the stratum formed by high BP or low HDL-c, to meet MetS criteria.



Additive interaction was measured by the Relative Excess Risk due to Interaction (RERI) [34]. RERI was obtained by the difference between the observed joint effect and the expected joint effect from the sum of each independent effect [34]. When RERI ≥ 0, a positive additive interaction is present. Multiplicative interaction was measured by the interaction ratio, obtained by dividing the observed joint effect by the multiplication of the independent (isolated) effects [27]. When the interaction ratio (IR) ≥ 1, a positive multiplicative interaction is present [26].



We used the delta method to calculate RERI and its 95% confidence interval [27], the interpretations of which were based on VanderWeele and Knol’s recommendations [27].



Covariates included in the multivariable-adjusted regression model included age, sex, obesity (which was based on age- and sex-specific BMI levels [35] with a Z-score ≥ +2), physical inactivity (<420 min per week), smoking status (≥1 cigarette smoked at least one day in the last 30 days), alcohol consumption (≥1 alcoholic drink at least one day in the last 30 days), sedentary behavior (≥3 h a day spent with television, video games or computer in an ordinary weekday), and socioeconomic status (defined by whether the adolescent attended public or private schools).



All the analysis was conducted using STATA version 14 (StataCorp LP, College Station, TX, USA).





3. Results


3.1. Description of the Study Population


As seen in Table 1, the median age was 15 years for both boys and girls, and most adolescents were from public schools. The prevalence of unhealthy behavior varied widely from less than 5% for tobacco use to 63% for physical inactivity. In addition, almost 22% of adolescents consumed at least 1 alcoholic drink in the last 30 days, and approximately 40% of adolescents had sedentary behavior. About 3% of adolescents met the IDF criteria for MetS. Of those meeting the criteria, less than 5% had four or five components, with most adolescents having three components (Table 1). The prevalence of components of metabolic syndrome in descending order was low HDL-c, elevated WC, high BP, high TG, and high glucose (Table 1). Approximately 9% were obese based on age- and sex-specific BMI levels.



Approximately 3.3% had T2DM, with the majority having been identified by a physician (Table 1).




3.2. Comparing Observed and Expected Joint Effects


As seen in Table 2, the joint effects of two metabolic syndrome components were analyzed in each stratum formed by at least a third component. As observed in Table 2, in the multiplicative scale, the observed joint effect of high TG and low HDL was 3.08 times greater than the expected joint effect obtained by the formula shown in the Methods, section in the strata formed by elevated WC and/or High BP to meet MetS IDF criteria. In the additive scale, the RERI of 2.53 means that the prevalence ratio for T2DM in adolescents is 2.53 higher than in absence of interaction between High TG and Low HDL in the strata formed by elevated WC and/or High BP. The same pattern was seen in different two pairs of variables, namely, TG/WC and WC/HDL-c. The point estimates suggested interactions in both scales. However, the 95% confidence intervals for these interaction indices overlapped the null hypothesis (Table 2). In only one pair of components—WC and BP—the 95% CIs of both RERI and IR did not include the null value, RERI = 0.97 (0.15, 1.79) and IR = 3.71 (1.42, 9.70). High BP and high TG or low HDL-c showed results towards the null value, with RERI and interaction ratios of approximately 0 and 1, respectively.



A schematical representation of RERI for the joint effect of elevated WC and low HDL in the stratum formed by high TG or high BP to meet the IDF criteria of MetS showing the difference between the expected joint effect obtained by the formula shown in Methods section and the observed joint effect in our study: (Figure 1) The excess of T2DM (orange) due to interaction for elevated WC and low HDL in the additive scale was the difference between the observed joint effect and the expected joint effect from the sum of each independent effect, 1.71.





4. Discussion


In our study, T2DM had a high prevalence of approximately 3.3%. The worldwide prevalence of T2DM in adolescents varied widely from approximately 0 to 5.1% [36,37,38,39]. According to the IDF Diabetes Atlas, the prevalence of Brazilian youth T2DM was as high as that in indigenous American and Mexican populations [40]. The ERICA study was the first school-based report in Latin America and indicates that T2DM had reached epidemic proportions in Brazilian adolescents [33]. Brazil is the fourth country in the number of incidents of T2DM in children and adolescents [41] and is the sixth country with adults living with diabetes in 2021 [42].



Our findings suggest that TG with WC or HDL-c, and WC with HDL-c interacted positively in both scales, with 95% CIs not overlapping the null value for the joint presence of both WC and BP. The fact that the 95% CIs of some additive and multiplicative indices (RERI and IR) overlap the null hypotheses (RERI = 0 and IR = 1.0) could be wrongly interpreted: that those interactions were absent. However, as the maximum likelihood is the indices’ point estimates, we prefer to say that those interactions are suggested rather than that there are no interactions [43,44].



Thus, in Brazilian adolescent students, who meet the MetS IDF criteria, prevention of high TG with elevated WC or Low HDL-c and elevated WC with low HDL-c or high BP might result in a greater reduction in the prevalence of T2DM than in those who only have one of the syndrome’s components.



We found that some independent associations of MetS components with T2DM had a PR below 1.0, including low HDL-c, high BP, and elevated WC. One possible explanation for those unexpected findings is that the cumulative effects of each risk factor in relation to T2DM may become evident only after several years of exposure in adolescents. Thus, long latent periods of those risk factors, the independent associations of which are difficult to identify in a cross-sectional study, may explain our results [45]. Another possible explanation is that self-report was the main source for the identification of T2DM in our study (93%), and it was not known when the diagnosis was made. Thus, adolescents with T2DM may have implemented healthy lifestyle measures, which may have resulted in attenuated prevalence ratios between risk factors and T2DM, a phenomenon known as “reverse causality” [46,47]. Another problem inherent to definitions of MetS is that its components are dichotomized, thus possibly resulting in a loss of information, which may have decreased the likelihood of finding precise associations [48].



The clustering of metabolic syndrome components is biologically plausible. WC is a strong marker of adiposity [49], which, in addition to insulin resistance, is a key determinant of MetS [8]. Visceral obesity contributes to insulin resistance and is also related to a dyslipidemic profile [50]. The increased flux of free fatty acids (FFAs) from adipose tissue to the liver promotes an increased triglyceride synthesis in the liver. The accumulation of intracellular lipid metabolites in the liver appears to cause hepatic insulin resistance [50]. In insulin-resistance settings, the development of hypertension is due to the loss of the vasodilator effect of insulin and the vasoconstriction caused by FFAs [51]. Additional mechanisms include increased sympathetic activation and sodium reabsorption in the kidneys [51].



Our study has demonstrated the key role that WC plays in interacting with other metabolic syndrome components with regard to prevalent T2DM. The findings, combined with those of previous studies, suggest that, pending confirmation in longitudinal studies, screening for diabetes should include WC measurement [52,53,54,55]. In addition, based on the literature, high consumption of both ultra-processed foods and sugar-sweetened beverages has been associated with metabolic syndrome in adolescents [56,57]. First-line approach to treat abdominal obesity is based on lifestyle interventions, -namely, moderate/vigorous physical activity and reduction of sugar-sweetened beverages and high-fat, high-sodium, and processed foods; and an increase in intake of fruits, vegetables, and fiber along with portion control education [58,59,60].



It is difficult to compare our results with those of other studies because they used different MetS criteria, [61,62,63] and included BMI rather than waist circumference in the definition of the syndrome [61,62]. In a pooled study using data from two prospective studies (The Bogalusa Heart Study and the Cardiovascular Risk Study), children and adolescents who met the pediatric metabolic syndrome criteria were more likely to develop T2DM over a mean 24-year period than those free of MetS. High BMI and hypertriglyceridemia were strongly predictive of an increased risk of T2DM in this pooled cohort [62]. In another prospective study, US children and adolescents with metabolic syndrome were found to be more likely than their peers to develop T2DM 25–30 years later [61]. In the Tehran Lipid and Glucose Study of 11-to 19-year-old adolescents, who met Cook’s metabolic syndrome definition [15], combinations of high WC and high TG or high BP, and high TG and BP were associated with early adulthood T2DM [60]. However, the authors of this study did not examine or test interactions, nor did they fully adjust for important confounders, such as puberty and physical activity. All these studies evaluated the predictive, but not the construct validity of MetS [61,62,63].



Few studies have evaluated interactions of metabolic syndrome components with regard to cardiovascular disease outcomes. In the Atherosclerosis Risk in Communities (ARIC) study, the observed joint association of hypertriglyceridemia and hypertension with an excess carotid intimal-medial thickness (IMT) was much stronger than that expected [24]. Other studies, however, have failed to show interactions between MetS components when evaluating IMT as the outcome in both adolescents [64] and adults [21,22], in relation to acute myocardial infarction in adults [65].



Our study has several strengths, including rigorous quality assurance and control. Additionally, to our knowledge, this is the largest study of MetS in adolescents based on a country-wide representative sample. Furthermore, ERICA’s large sample size allowed stratification of the MetS components for evaluation of interactions.



However, our study also has some limitations. This is a cross-sectional study and, thus, subjected to both selection and temporal biases, although the representativeness of the study population and the young ages of the participants make those biases less likely. In addition, as in all observational studies, residual confounding may have occurred. Another potential limitation is that only two categories of MetS components were considered, perhaps leading to a loss of information, though dichotomization is useful in clinical practice as it allows distinguishing “abnormal” from “normal” results [21]. It is difficult to compare data from the IDF definition [8] with those of other modified NCEP criteria (Cook [15], Ford [16], and Ferranti [17]) for two main reasons: (1) The IDF [8] requires the presence of abdominal obesity for the metabolic syndrome definition, whereas in the other modified NCEP definitions [15,16,17] abdominal obesity is not a mandatory criterion; (2) Regarding the other MetS components: the IDF MetS definition [8] for hypertension is SBP ≥ 130 or DBP ≥ 85 mmHg and dyslipidemia (e.g., triglycerides ≥ 150 mg/dL and HDL < 40 mg/dL for boys or HDL < 50 mg/dL for girls) was based on cutoff values for adults, whereas in the other modified NCEP criteria [15,16,17], hypertension was defined as age- and sex-specific BP ≥ 90th percentile and lower cutoff values for dyslipidemia (e.g., triglycerides ≥ 110 mg/dL [15,16]). In addition, it has been reported that the use of the IDF MetS definition is more appropriate because it is more specific and may avoid false positives [66]. Another limitation of the study was that T2DM was identified mostly by self-report, and we did not measure post-prandial glucose in the definition of T2DM, likely resulting in some degree of misclassification. Lastly, the 52% response rate of adolescents who had complete information and from whom we collected blood samples may impact the internal validity and, thus, limit the external validity of our results. Non-participants were more likely to be male (52.6% vs. 44.6% participants) and aged between 15 and 17 years (64.3% vs. 54.1% participants). However, selection bias is not likely, as the adolescents were not informed of the hypothesis about interactions of metabolic syndrome components.




5. Conclusions


The joint presence of high TG with elevated WC or Low HDL-c and elevated WC with low HDL-c or high BP seemed to result in both additive and multiplicative interactions regarding T2DM in our study, which is consistent with the construct validity of the “syndrome” definition. From a public health perspective, preventing one of the components of the pairs that interact may result in a greater reduction in the prevalence of T2DM than focusing on an individual component that does not interact with another component. Future studies should use a prospective approach and evaluate the presence of interactions in clusters of continuous components of the MetS regarding T2DM.
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Figure 1. Adjusted Prevalence ratios of T2DM associated with the independent effect of elevated WC and low HDL and clustering of elevated WC and Low HDL in the stratum formed by high TG or high BP in 37,815 adolescents in the Study of Cardiovascular Risk Factors (ERICA, 2013–2014). Adjustment was made for age, sex, obesity, physical inactivity, sedentary behavior, alcohol consumption, smoking status, and socioeconomic status. 
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Table 1. Characteristics of 37,815 study participants in the Study of Cardiovascular Risk Factors in Adolescents (ERICA, 2013–2014).
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Variables

	
n

	

	






	
Continuous

	

	
Median

	
1ºQ

3ºQ




	
Age

	
37,815

	
15

	
13

	
16




	
Categorical

	

	
(%)

	
95% Confidence intervals




	
Female

	
22,682

	
50.2

	

	




	
Smoking (≥1 cigarette smoked in the last 30 days)

	
1406

	
4.2

	
3.8

	
4.7




	
Alcohol consumption (≥1 drink in the last 30 days)

	
7685

	
21.6

	
20.3

	
23.0




	
Sedentary behavior γ

	
14,133

	
40.5

	
38.9

	
42.1




	
Physical inactivity (≤ 420 min per week)

	
24,713

	
62.7

	
61.7

	
63.8




	
Obesity (%)

	
3097

	
9.2

	
8.5

	
10.0




	
Public Schools

	
27,990

	
77.8

	
72.4

	
82.3




	
Metabolic syndrome *

	
861

	
2.6

	
2.3

	
2.9




	
Components of metabolic syndrome

	

	

	

	




	
One component

	
13,025

	
33.7

	
31.9

	
35.6




	
Two components

	
3390

	
9.5

	
8.5

	
10.6




	
Three components

	
825

	
2.5

	
2.1

	
2.9




	
Four components

	
134

	
0.4

	
0.3

	
0.6




	
Five components

	
9

	
0.1

	
0.0

	
0.2




	
Metabolic syndrome components

	

	

	

	




	
Elevated waist circumference ***

	
4386

	
12.6

	
11.6

	
13.7




	
High blood pressure #

	
2677

	
8.2

	
7.6

	
8.9




	
High glucose δ

	
1147

	
4.1

	
3.5

	
4.8




	
High triglycerides λ

	
1712

	
4.6

	
4.1

	
5.1




	
Low HDL-c ** (%)

	
13,076

	
32.7

	
30.3

	
35.2




	
Type 2 Diabetes Mellitus Γ

	
1227

	
3.28

	
2.91

	
3.69




	
Identified by a physician θ

	
1126

	
3.05

	
2.69

	
3.46




	
Undiagnosed diabetes φ

	
101

	
0.23

	
0.16

	
0.31








* Definition of metabolic syndrome: elevated waist circumference (values ≥ 90th percentile for those aged 10 to 16 years old; ≥90 cm for males and ≥80 cm for females for those aged 16 years and over) and the presence of two or more risk factors (high triglycerides ≥ 150 mg/dL, and/or high glucose ≥ 100 mg/dL, and/or low HDL-c < 40 mg/dL or hdl < 50 mg/dL in girls aged 16 and 17 and/or high blood pressure ≥ 130/85 mmHg). *** values ≥ 90th percentile for those aged 10 to 16 years old; ≥90 cm for males and ≥80 cm for females for those aged 16 years or older. ** <40 mg/dL or hdl < 50 mg/dL in girls aged 16 and 17. γ ≥ 3 h a day spent with television, video games, or computer in an ordinary weekday. # ≥130/85 mmHg. λ ≥150 mg/dL. δ ≥100 mg/dL. Γ defined by self-report diabetes, glucose ≥ 126 md/dL or HbA1c ≥ 6.5%. θ identified by whether a physician had told the participants that they had diabetes. φ fasting glucose ≥ 126 md/dL or HbA1c ≥ 6.5% and absence of a physician’s identification for diabetes.
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Table 2. Adjusted ‡ Prevalence Ratios (PR) to assess the interaction between pair-wise clusters of metabolic syndrome components with type 2 diabetes mellitus Γ as the outcome, in the stratum formed by at least a third metabolic syndrome variable δ in 37,815 adolescents in the Study of Cardiovascular Risk Factors (ERICA, 2013–2014).
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Interaction Measures






	
Elevated WC * and/or High BP #




	

	
Normal HDL-c

	
Low HDL-c **

	




	
Normal TG

	
1

	
PR = 0.83 (0.52, 1.31)

	
RERI TG * HDL-c = 2.53 (−0.41, 5.46)




	
High TG λ

	
PR = 1.53 (0.58, 4.04)

	
PR = 3.88 (1.88, 8.01)

	
Interaction ratio TG*HDL-c = 3.08 (0.90, 10.55)




	
Low HDL-c ** or High BP #




	

	
Normal WC

	
Elevated WC *

	




	
Normal TG

	
1

	
PR = 1.00 (0.53, 1.91)

	
RERI TG * WC = 2.86 (−2.89, 8.61)




	
High TG λ

	
PR = 1.89 (0.87, 4.14)

	
PR = 4.76 (1.42, 15.95)

	
Interaction ratio TG*WC = 2.51 (0.75, 8.44)




	
High TG λ or High BP #




	

	
Normal HDL-c

	
Low HDL-c **

	




	
Normal WC

	
1

	
PR = 1.06 (0.45, 2.47)

	
RERI WC * HDL-c = 1.71 (−1.05, 4.46)




	
Elevated WC *

	
PR = 1.54 (0.63, 3.78)

	
PR = 3.31 (1.18, 9.25)

	
Interaction ratio WC*HDL-c = 2.03 (0.59, 7.01)




	
High TG λ or Low HDL-c **




	

	
Normal BP

	
High BP #

	




	
Normal WC

	
1

	
PR = 0.41 (0.22, 0.75)

	
RERI WC * BP = 0.97 (0.15, 1.79)




	
Elevated WC *

	
PR = 0.73 (0.36, 1.47)

	
PR = 1.10 (0.46, 2.68)

	
Interaction ratio WC * BP = 3.71 (1.42, 9.70)




	
Elevated WC * and/ or Low HDL-c **




	

	
Normal TG

	
High TG λ

	




	
Normal BP

	
1

	
PR = 3.29 (1.58, 6.83)

	
RERI BP * TG = 0.50 (−4.17, 5.18)




	
High BP #

	
PR = 1.02 (0.55, 1.89)

	
PR = 3.81 (1.26, 11.58)

	
Interaction ratio BP * TG = 1.14 (0.27, 4.80)




	
Elevated WC * and/or High TG λ




	

	
Normal HDL-c

	
Low HDL-c **

	




	
Normal BP

	
1

	
PR = 1.02 (0.63, 1.64)

	
RERI BP * HDL-c = 0.27 (−0.99, 1.53)




	
High BP #

	
PR = 0.92 (0.41, 2.01)

	
PR = 1.21 (0.54, 2.71)

	
Interaction ratio BP * HDL-c = 1.30 (0.39, 4.35)








‡ Adjusted for age, sex, obesity, physical inactivity, sedentary behavior, alcohol consumption, smoking status, and socioeconomic status. * values ≥ 90th percentile for those aged 10 to 16 years old; ≥90 cm for males and ≥80 cm for females for those aged 16 years and over. ** <40 mg/dL or hdl-c < 50 mg/dL in girls aged 16 and 17. # ≥130/85 mmHg. λ ≥150 mg/dL. Γ Identified by a physician, self-report treatment, glucose ≥ 126 md/dL or HbA1c ≥ 6.5%. δ To meet MetS criteria, we stratified by a third variable or WC and/or the fourth variable.
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