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Introduction: The parent–child correlation in metabolic syndrome (MetS) and elevated transaminases is sparsely researched. We assessed the correlation of parental MetS and elevated transaminase status with these conditions in their children.

Methods: Data of 4,167 youths aged 10–18 years were analyzed in a population-based survey, and the parental characteristics were stratified by the presence or absence of MetS or alanine aminotransferase (ALT) elevation in their children. The prevalence of these conditions in children was analyzed according to their parents’ status. Logistic regression analyses were performed with MetS and ALT elevation in youth as the dependent variables.

Results: The proportions of MetS and ALT elevation were higher in parents of children with MetS and ALT elevation than in those without, even among youths without obesity. In logistic regression analyses, age, body mass index–standard deviation score (BMI–SDS), and ALT elevation were positively associated with MetS, whereas age, male sex, BMI–SDS, protein intake, and MetS were positively associated with ALT elevation. Higher protein intake was related to ALT elevation, whereas metabolic components and nutritional factors were closely related in parents and their children. Odds ratios (OR) of ALT elevation for MetS was 8.96 even after adjusting nutritional factors in the children. The OR was higher for ALT elevation in the children of parents with MetS and ALT elevation compared to those without. ORs for MetS and ALT elevation in the children of parents with MetS were higher than those of children of parents without MetS, even after adjusting for nutritional intake. ORs for ALT elevation were higher in the children of parents with ALT elevation than those without, even after adjusting for nutritional intake and BMI of parents as well as the nutritional intake, age, sex, and BMI–SDS of the children.

Conclusion: MetS and elevated liver transaminase statuses in children were associated with those of their parents even after adjusting for nutritional factors, and the relationships were more prominent in the youth without obesity.
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1. Introduction

Metabolic syndrome (MetS) constitutes a cluster of risk factors for cardiovascular disease and increases the risk of atherosclerotic cardiac disease; moreover, childhood MetS increases the risk of adult MetS (1, 2). A systematic review showed that, among children and adolescents, MetS prevalence ranged from 0.3% (in Columbia) to 26.4% (in Iran) (3). The overall median prevalence was 3.8%, and it was 5 and 5.4% in Saudi Arabia and the United States, respectively. A study in the United States reported a decline in the prevalence of MetS among youth from 7.3% in 1988–1994 to 6.5% in 2003–2006 (4). In contrast, a Korean study showed that the prevalence of MetS increased from 1.5% in 2008 to 3.2% in 2017 among youth (1). In adults, obesity, overnutrition, and low lean mass are risk factors for MetS (5). In a cohort study, MetS in children was correlated with MetS in parents (6).

Nonalcoholic fatty liver disease (NAFLD) is a chronic liver disease characterized by excessive hepatic fat accumulation in a spectrum that ranges from nonalcoholic steatohepatitis, hepatic fibrosis, to idiopathic cirrhosis, without significant alcohol consumption (7–9). Among patients with nonalcoholic steatohepatitis, the annual cumulative incidence of liver cirrhosis is 0.25–3.2%; of this, 0.3–2.6% of cases with cirrhotic nonalcoholic steatohepatitis progress to hepatocellular carcinoma per year (10). In a global study, the prevalence of NAFLD was 30%, whereas in a pediatric study, the prevalence increased from 3.9% in 1988–1994 to 10.7% in 2007–2010 (11, 12).

In the pathogenesis of MetS and NAFLD, insulin resistance plays a key role (13–15). Furthermore, obesity, unhealthy dietary habits, and MetS are risk factors for NAFLD progression in adults (10, 16). A meta-analysis showed an association of NAFLD with a twofold increased risk of MetS in adults (17). Based on the above-described relationships, a novel concept—metabolic-associated fatty liver disease (MAFLD)—has been posited (18). MAFLD is identified by its association with metabolic dysregulation, irrespective of alcohol consumption. Therefore, addressing pediatric MAFLD and NAFLD is important to prevent severe hepatic as well as metabolic disorders in adulthood (18, 19). However, research on the risk factors for pediatric MetS and MAFLD or NAFLD in association with parental MetS and MAFLD or NAFLD remains limited.

In this population-based study, we aimed to investigate the association of pediatric MetS and elevated liver transaminase levels with these conditions in the parents. The study’s objectives were to investigate: (1) the relationship between MetS and elevated liver transaminases in youths; (2) the risk factors of MetS and elevated liver transaminases in youths; and (3) the association of MetS and elevated liver transaminase levels in parents with these conditions in children.



2. Materials and methods


2.1. Study design and participants

This cross-sectional study analyzed data from the Korea National Health and Nutrition Examination Survey (KNHANES), a national population-based survey conducted by the Korea Centers for Disease Control and Prevention based on the National Health Promotion Act, that were obtained between 2007 and 2019. The KNHANES was conducted in 1998, 2001, 2005, and annually since 2007 using a rolling sampling survey method. The cross-sectional survey includes approximately 10,000 participants each year as a cohort and investigates data on health behaviors and clinical examination, including anthropometric and laboratory analysis-based information, socioeconomic status, nutritional status, the presence of chronic disease, and quality of life. The survey involved a two-step stratified sampling method that used sampling units and households as the primary and secondary sampling units, respectively. In total, 200 and 192 primary sampling units (PSU) per year were drawn from approximately 200,000 geographically defined PSU nationwide in KNHANES 2007–2009 and KNHANES 2010–2019, respectively. On average, a PSU comprises 60 households, and 20 final target households were sampled for each PSU using systematic sampling; individuals who were ≥ 1-year-old were targeted from the selected households.

From among children and adolescents as well as their parents who participated in KNHANES 2007–2019, individuals whose anthropometric, blood pressure, fasting glucose and lipid, and alanine aminotransferase (ALT) data were missing were excluded. Finally, data from 4,167 children and adolescents as well as their respective parents were analyzed in this study; details of the participant screening and selection are presented in a flowchart in Figure 1.
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FIGURE 1
 Design and flowchart of study population. KNHANES, Korea National Health and Nutrition Examination Survey; ALT, alanine aminotransferase.


To ensure accurate representation of the Korean population and minimize selection bias, a multistage-stratified systematic sampling design was used wherein the sample weights were constructed for sample participants by accounting for the complex survey design, survey non-response, and post-stratification. The weights based on the inverse of selection probabilities and response rates were modified by adjusting them to the sex- and age-specific Korean populations (20).



2.2. Study variables

Data on sex, age, and anthropometric measurements were recorded. Height was measured using a portable stadiometer (range, 850–2060 mm; Seriter, Holtain Ltd., Crymych, UK), and weight was measured using a calibrated balance beam scale (Giant 150N; HANA, Seoul, Republic of Korea). Body mass index (BMI) was calculated as the weight (kg) divided by the height (in meters) squared (m2). Waist circumference (WC) was measured at the narrowest point between the lower borders of the rib cage and the iliac crest at the end of normal expiration. Height, weight, and BMI were presented as standard deviation scores (SDS) based on the 2017 Korean National Growth Charts (21). Based on their BMI, children were categorized as normal (<85th percentile), overweight (85th to <95th percentile), or obese (≥95th percentile). Central obesity was defined as a WC >90th percentile using Korean waist reference data (22).

Information on food intake was obtained via face-to-face interview (20). The food frequency questionnaire consisted of 63 food items that are important sources of energy and nutrients. The food intake questionnaire was created as an open-ended survey to report different meals and foods, and utilized the 24 h recall method with different measurement tools.



2.3. Laboratory analysis

Blood samples were collected from the antecubital vein after at least 8 h of fasting and were subsequently processed and immediately refrigerated. Serum levels of fasting glucose, total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglycerides, aspartate aminotransferase (AST), and ALT were measured using Labospect 008AS (Hitachi, Tokyo, Japan). Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula (LDL-C = total cholesterol − [HDL-C + (triglycerides/5)]). The triglycerides/5 were used for serum samples with triglyceride values ≤400 mg/dL, whereas samples with triglyceride levels >400 mg/dL were considered as missing values in the analysis (23). “ALT elevation” was defined as an increased ALT level (>26, > 22, >30, and > 19 IU/L for boys, girls, men, and women, respectively) without hepatitis B virus infection or significant alcohol consumption, which was defined as the intake of >140 and > 70 g/week alcohol in men and women, respectively (8, 16, 24, 25).



2.4. Statistical analysis

All statistical analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC, USA) for the complex sampling design, with clustering, stratification, and unequal weighting of the KNHANES sample and considering sampling weights to present data on the representative Korean youth population and to overcome limitations conferred by the sampling survey design. All categorical variables are presented as weighted percentages with standard errors, whereas continuous variables are presented as weighted means with standard errors. Participants were stratified into subgroups based on the presence of MetS and ALT elevation, and the proportion of participants with MetS or ALT elevation and the characteristics of their parents were analyzed. Moreover, the prevalence of MetS and ALT elevation was analyzed in subgroups stratified by BMI and the presence of parental MetS and ALT elevation. Intergroup differences were ascertained using the Student’s t-test for continuous variables and the Rao–Scott chi-square test for categorical variables. To clarify the risk factors for pediatric MetS and ALT elevation, logistic regression analyses were performed with MetS and ALT elevation in youth as the dependent variables. Furthermore, to clarify the association of MetS and ALT elevation between children and their parents, logistic regression analyses were performed with the MetS and ALT elevation of the children and parents as dependent and independent variables, respectively. Linear regression analyses were performed with each component of MetS, liver enzymes, and nutritional intake of parents and children as independent and dependent variables, respectively. A p-value < 0.05 was considered statistically significant.




3. Results


3.1. Association of MetS with elevated liver transaminases among youths

Table 1 shows the baseline characteristics of participants according to the presence of MetS and ALT elevation. Compared to the youth without MetS, the youth with MetS had higher values for age, BMI SDS, AST, ALT, and the proportion of obesity and ALT elevation. Each component of MetS, including WC, blood pressure, triglycerides, and glucose, as well as the proportion of central obesity and MetS, were higher in the youth with ALT elevation than in those without ALT elevation. Furthermore, compared to the youth without ALT elevation, age, BMI SDS, intake of energy and protein, and the proportion of male sex and obesity were higher in the youths with ALT elevation.



TABLE 1 Baseline characteristics of offspring according to MetS and ALT elevation.
[image: Table1]

In univariable logistic regression analyses, the odds ratio (OR; 95% confidence interval [CI]) for MetS in age, BMI SDS, and ALT elevation were 1.13 (1.02–1.25), 1.52 (0.90–2.55), 4.01 (3.31–4.85), and 8.91 (5.16–15.38), respectively (Supplementary Table 1). The OR (95% CI) for ALT elevation in age, male sex, BMI SDS, protein intake, and MetS were 1.08 (1.03–1.14), 2.73 (2.10–3.54), 2.35 (2.11–2.61), 1.05 (1.02–1.08), and 8.91 (5.16–15.38). After adjusting nutrition factors, including carbohydrate, protein, and fat, the OR (95% CI) of MetS for ALT elevation was 8.98 (5.22–15.46) and that of ALT elevation for MetS was 8.96 (5.20–15.44). However, these relationships were not significant after adjusting for age, sex, BMI–SDS, and nutritional factors.



3.2. Parental characteristics in subgroups stratified by the children’s MetS and elevated liver transaminase status

Table 2 shows the parental characteristics according to the MetS and ALT elevation status of the children. Compared to the fathers and mothers of the youth without MetS, the parents of the youth with MetS had a higher BMI, WC, and proportion of MetS. Similarly, parents of youth with ALT elevation had higher values of age, BMI, WC, AST, ALT, and the proportion of obesity and ALT elevation compared to the parents of youth without ALT elevation. Moreover, fathers of youth with ALT elevation had higher systolic and diastolic blood pressures and glucose levels compared to fathers of youth without ALT elevation.



TABLE 2 Characteristics of parents according to offspring’s MetS and ALT elevation.
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3.3. Characteristics of youth according to parental MetS and elevated liver transaminase status

Table 3 shows the characteristics of the youth according to the parents’ MetS and ALT elevation status. The progeny of parents with MetS had higher BMI SDS, WC, systolic and diastolic blood pressures, glucose levels, and proportions of obesity, central obesity, and MetS compared to the progeny of parents without MetS. Moreover, AST, ALT, and fat intake levels were higher in the progeny of parents with MetS than in those of parents without MetS. The children of parents with ALT elevation had higher WC, ALT level, and proportions of obesity and ALT elevation compared to those of parents without ALT elevation.



TABLE 3 Characteristics of the offspring according to parents’ MetS and ALT elevation.
[image: Table3]

Among youth with normal BMI or overweight, the proportion of children with MetS was higher in the progeny of parents with MetS than in those without (p = 0.033 for normal BMI and p = 0.017 for overweight; Figure 2A), whereas the proportion of offspring with ALT elevation was higher in the offspring of parents with ALT elevation than in those without (p = 0.021 for normal BMI and p = 0.003 for overweight; Figure 2B). However, these relationships were not significant among the youth with obesity.
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FIGURE 2
 The proportion of offspring with MetS or ALT elevation according to BMI and parental MetS and ALT elevation. (A) The proportion of offspring with MetS according to BMI and parental MetS and ALT elevation. The black bar represents the offspring with MetS of the parents with MetS; gray bar, parents without MetS; dotted bar, parents with ALT elevation; and the white bar, parents without ALT elevation. The number on the bar is the p–value of Student’s t–test. (B) Proportion of offspring with ALT elevation according to BMI and parental MetS and ALT elevation. The black bar represents the offspring with ALT elevation of the parents with MetS; gray bar, those of the parents without MetS; dotted bar, those of the parents with ALT elevation; and the white bar, those of the parents without ALT elevation. The number on the bar is the p–value of Student’s t–test. MetS, metabolic syndrome; ALT, alanine aminotransferase; BMI, body mass index.


Supplementary Table 2 shows the characteristics of the children of parents without MetS or ALT elevation. The children of parents with MetS had higher BMI SDS, WC, systolic and diastolic blood pressures, glucose, triglycerides, ALT, and proportions of obesity, central obesity, and ALT elevation compared to those without MetS. Compared to the children of parents without ALT elevation, those whose parents had ALT elevation had higher BMI SDS, WC, systolic and diastolic blood pressures, AST, ALT, protein intake, and proportions of obesity, central obesity, and MetS.



3.4. Linear regression of children’s and parents’ metabolic components and nutrition

Linear regression analyses showed that BMI, each component of MetS, AST, ALT, and nutritional factors of the father and mother were postively associted with those of the children, except for the glucose level between the mother and child (Supplementary Table 3). Among the factors, the association with WC was the strongest.



3.5. OR of parental and children’s MetS and elevated liver transaminase levels

The children of fathers and mothers with MetS had a higher OR (2.26, 95% CI 1.27–4.04 and 3.88, 95% CI 1.99–7.56, respectively) for MetS compared to the children of parents without MetS; the OR was highest in the children whose both parents had MetS (OR 4.97, 95% CI 1.97–12.53) (Table 4). Additionally, a relationship between the parental MetS and the child’s MetS and ALT elevation status was identified even after adjusting for the parent’s and progeny’s nutritional intake, including carbohydrate, protein, and fat. Moreover, compared to the children whose parents did not have ALT elevation, the OR for ALT elevation was higher in the youths whose father, mother, or both parents had ALT elevation, and this effect persisted even after adjusting for the children’s age, sex, BMI–SDS, nutritional intake, and parental BMI and nutritional intake status.



TABLE 4 ORs and 95% CIs for MetS and ALT elevation in offspring by parents’ MetS and ALT elevation.
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4. Discussion

Our results demonstrate an association between parental MetS and elevated liver transaminases and offspring’s MetS and elevated liver transaminases. Moreover, parental MetS was associated with ALT elevation as well as MetS in their children. The relationship between mothers and descendant was stronger than that between fathers and their children. In addition, nutritional factors were closely related between parents and descendant. Among the nutritional factors, higher protein intake was related to ALT elevation. Additionally, older age, male sex, and higher BMI were associated with MetS and ALT elevation. The association of parental MetS and ALT elevation with descendant was significant, even after adjusting for nutritional factors. Moreover, parental ALT elevation was positively associated with descendant, even after adjusting for age and BMI. In addition, the relationship between parental MetS and ALT elevation with their children was more prominent in youths with normal BMI or overweight compared than in those with obesity. These findings suggest a genetic link between parents and descendant. Beyond genetics, epigenetic modifications can play a pivotal role by altering gene expression without changing the DNA sequence itself, potentially passing on metabolic risks to the offspring (26). Additionally, the transmission or shared characteristics of the gut microbiome between parents and their children might also influence metabolic health, considering its profound role in nutrient processing, inflammation, and other metabolic processes (27).

Elevated liver transaminases was closely related to MetS as well as each metabolic component among the youth in our study. MetS and NAFLD share insulin resistance as an important factor in pathogenesis (18). Insulin resistance promotes hepatic de novo lipogenesis by activating sterol regulatory element–binding protein 1 and lipid accumulation by inactivating Forkhead box protein A2, a transcription factor that promotes fatty acid oxidation in the liver (28, 29). Meanwhile, the secretion of hepatokine and metabolites related to lipid metabolism and insulin sensitivity is altered in NAFLD, which induces insulin resistance and MetS (30). A cross–sectional study reported that WC, blood pressure, and triglycerides increased, and HDL–C decreased with an increase in NAFLD grade among youth (31). A retrospective study reported that the odds ratio of NAFLD for MetS was 2.65 among children with obesity (32).

In our study, older age, male sex, BMI SDS, and obesity were found to be positively associated with MetS and elevated liver transaminases. Moreover, the association of elevated liver transaminases with age, male sex, and BMI SDS and that of MetS with BMI SDS were significant even after adjusting for nutritional factors. In a population–based study, the prevalence of NAFLD was 1.5–fold higher in participants aged 16–18 years than in those aged 10–12 years, while obesity was associated with a five–fold risk of NAFLD (7). In addition, the prevalence of NAFLD was two–fold higher in boys than in girls. In a systematic review, the prevalence of MetS was 29.2% in children with obesity and 3.3% in the whole population, while the corresponding value was 5.6% among older age groups and 2.9% among younger age groups (33).

Among nutritional factors, protein intake was associated with elevated liver transaminases in our study. Diets rich in proteins can induce production of harmful intestinal metabolites by gut microbiome, which may exacerbate MetS and NAFLD (34). A population–based study reported that protein intake in men with NAFLD was higher than that in men without, and this was thought to be related to meat intake and intestinal metabolites that are harmful for metabolic health due to intestinal protein fermentation (35, 36). However, another study reported that NAFLD development was not significantly related to protein intake (37). Meanwhile, the association of protein intake, age, and BMI SDS with ALT elevation was demonstrated in the youth of parents without MetS or ALT elevation in our study. Therefore, attention to liver enzymes and dietary intake is required in older boys with obesity, even though their parents do not have NAFLD or MetS, although more studies are required to clarify the association between nutritional intake and pediatric NAFLD.

The association of nutritional intake between parents and descendant was strong in our study. Thus, sharing meals and nutrition habits might affect the relationship between MetS and NAFLD of children and their parents. A meta–analysis reported that parental food preferences were significantly correlated with children’s preferences (38). In another meta–analysis, family based interventions improved the BMI of obese children (39). A population–based study reported that parents’ restriction on unhealthy food was negatively associated with the intake of unhealthy food in children (40). Parental nutrition can affect the descendant even during the prenatal period. Brion et al. (41) reported that the association between the descendant’s dietary habits and maternal dietary habits was stronger prenatally than postnatally. Moreover, a systematic review reported that the periconceptional nutritional status of parents could increase the risk of descendant MetS through epigenetic imprinting (42). Therefore, the assessment of familial nutritional status is required for the risk management of MetS and NAFLD in children, especially those with parents with MetS and NAFLD.

In our study, the association between parental MetS and elevated liver transaminases and those of their children was significant even after adjusting for nutritional intake. Moreover, parental elevated liver transaminases was associated with those of their even after adjusting for age, sex, BMI, and nutritional factors. These findings support the role of genetic links between MetS and elevated liver transaminases in parents and descendant. Several genes, including adiponutrin/patatin–like phospholipase domain–containing 3 and glucokinase regulatory protein, are known to be associated with both MetS and NAFLD (43). Adiponutrin/patatin–like phospholipase domain–containing 3 encodes adiponectin, which is expressed in both the liver and adipose tissue and has lipogenesis and lipolytic activity. Thus, limited triglyceride hydrolysis by the adiponutrin/patatin–like phospholipase domain–containing 3 rs738409 variant increases lipogenic activity. In a cohort study, glucokinase regulatory protein, a gene related to the regulation of glucokinase, was associated with triglyceride elevation and NAFLD among youths with obesity in a cohort study (44).

In our study, the association of children with mothers was stronger than that of fathers, and the ORs of children with both parents with MetS or elevated liver transaminases for children with MetS and elevated liver transaminases were higher than those with one parent with MetS and elevated liver transaminases. In a cohort study, the odds ratio of hepatic steatosis in at least one parent with hepatic steatosis was 2.0, whereas that of both parents with hepatic steatosis was 6.4 (8). In a meta–analysis study, the association of pediatric MetS with maternal MetS was stronger than that of paternal MetS, and that with both parents was strongest (45). The stronger lifestyle associations of children with mothers than those with fathers might be related to this difference. A cohort study reported that the association of children’s dietary intake with maternal dietary intake was stronger than that of paternal dietary intake (41). A Korean population–based study reported that adolescent physical activity is significantly associated with maternal physical activity (46).

The stronger association of offspring’s MetS and elevated liver transaminases with their parent in participants with normal BMI compared to those with obesity in our study is thought to be due to the strong association between obesity and MetS and NAFLD (7, 12, 33). In other words, the proportion of genetic effects on MetS and NAFLD may be higher in children without obesity. In an adult cohort study, parental hepatic steatosis is associated with hepatic steatosis in the descendant, even after adjusting for BMI, age, sex, alcohol, insulin resistance, and lipid–lowering agents (8). Therefore, attention to MetS and NAFLD is required, even in normal–weight children, if their parents have MetS and/or NAFLD.

This study has some limitations. First, this was a cross–sectional study limited to Koreans. Second, confounding factors such as physical activity, puberty, gut microbiome, and epigenetic modification were not considered. Third, liver biopsy and imaging studies were not performed for diagnosis of NAFLD or MAFLD because information on liver biopsy or imaging studies is not provided in the KNHANES. Fourth, genetic studies were not performed because the KNHANES does not include information on genetic evaluation. Fifth, KNHANES is not a complete enumeration, thus we analyzed the data with complex sampling design considering sampling weight to overcome selection bias.



5. Conclusion

This study showed a significant correlation between the MetS and elevated liver transaminase statuses of parents and their children, even after adjusting for nutritional factors, and a correlation between MetS and elevated liver transaminases in youths. In children, protein intake was associated with elevated liver transaminases, whereas the parental nutritional intake was associated with the child’s nutritional intake. The correlation between parental MetS and elevated liver transaminase status with that of children was more apparent in youths with a normal BMI or overweight than in those with obesity. These findings emphasize the role of genetic links and lifestyle in pediatric MetS, MAFLD, and NAFLD. Therefore, close monitoring of metabolic risk factors, including liver enzymes and dietary assessment, is required among the children of parents with MetS and/or NAFLD, even among those without obesity. Further studies to investigate the risk of pediatric MetS, NAFLD, and MAFLD by integrating genetic background and lifestyle factors are required to guide the management of future risks of cardiovascular disease and liver disease.
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Mets, metabolic syndrome; ALT, alanine aminotransferase; BMI, body mass index; WC, waist circumference; B, Blood pressure; HDL-
density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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KNHANES 2007-2019 (n=105,732)

l

KNHANES 2007-2019 with sampling weight (n=88,893)

l

Participants aged 10-18 (n=9,425)

Exclusion according to offspring's missing data (n=1,202)
- Missing anthropometric data (n=35)

- Missing blood pressure (n=29)

- Missing fasting glucose (n=1,126)

- Missing fasting lipid profile (n=11)

- Missing ALT(n=1)

8,223 participants included

Exclusion according to parental missing data (n=4,056)
- Missing parental data (n=2,495)

- Missing parental blood pressure (n=1,429)

- Missing parental fasting glucose (n=124)

- Missing parental fasting lipid profile (n=8)

- Missing parental ALT(n=0)

4,167 participants included (2,188 boys and 1,979 girls)
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