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Background

The prevalence of MS among children and adolescents continues to rise, which has become an escalating serious health issue worldwide. It had been reported that maternal current lifestyle had a strong independent correlation with offspring health. However, it is not clear whether comprehensive lifestyle of mother has an impact on the MS risk in offspring and the role of offspring’s lifestyle in it.



Methods and Results

We included 4,837 mother-child pairs from a multi-centered cross-sectional study conducted in China. The information of maternal lifestyle was obtained by self-reported questionnaire, and metabolic syndrome (MS) in offspring was determined by anthropometric measurements and blood tests. Logistic regression models were employed to evaluate the association between maternal lifestyle and risk of MS in offspring. We found maternal healthy lifestyle was independently associated with lower risk of offspring MS, and the risk of MS in offspring decreased with the increased number of maternal ideal lifestyle factors. Although adolescents’ lifestyle did not fully explain the relationship between maternal lifestyle and risk of offspring MS, compared with those had less ideal lifestyle factors in both mothers and offspring, the risk of offspring MS was lower in those had more ideal lifestyle factors in both mothers and adolescents.



Conclusions

Healthy lifestyle in mothers was associated with a lower risk of MS in offspring, which was independent of offspring’s lifestyle. These findings support mother-based lifestyle intervention could be an effective strategy to reduce the MS risk in adolescents.
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Introduction

Metabolic syndrome (MS) is a complex multifactorial disorder characterized by a combination of central obesity, hypertension, high triglycerides, low high-density lipoprotein, and high blood glucose. It has been associated with an increased risk for type 2 diabetes, cardiovascular disease, and all-cause mortality (1, 2). Metabolic syndrome usually was described in adults though, its risk factors started at childhood and adolescence. The prevalence of MS among children and adolescents ranged from 0.9 to 11.4% depending on various definition criteria (3). With the increasing prevalence of obesity among children and adolescents, the incidence of MS continues to rise, which has become an escalating serious health issue worldwide (4, 5). Therefore, the identification of modifiable factors during childhood and adolescence could be the effective intervention strategy for reducing MS risk.

Maternal lifestyle has been reported that it was closely related with offspring’s behavior and cardiometabolic health (6–8). Large population-based study and prospective cohort study both showed that maternal current lifestyle, such as body weight, smoking, and alcohol drinking, had a strong independent correlation with offspring weight status and blood pressure (9–12). A recent study considered multiple lifestyle factors as a whole found that mothers with an overall healthy lifestyle had a greater protection on adolescents’ obesity (13). However, it is not clear whether comprehensive lifestyle of mother has an independent impact on the MS risk in offspring when the role of offspring’s lifestyle was excluded.

Therefore, based on national multi-center data, we attempted to explore the independent relationship between maternal lifestyle and the risk of MS in offspring aged 10–18 years with the aim of providing evidence for interventions to reduce MS risk and improve cardio-metabolic health in adolescents. In this study, we hypothesized that maternal current healthy lifestyle was related to lower risk of offspring MS.



Materials and Methods


Study Population

Data were obtained from a cross-sectional study conducted in Chinese children and adolescents from seven provinces in 2013. Details about the study design had been described previously (14). In brief, about 12 to 16 schools were enrolled in each region. Two classes were randomly selected in each grade from each school, and all students aged 10–18 years and their mothers in selected classes were invited to participate in this project. Randomization was performed by a staff member who was not involved in this study.

Figure 1 shows the selection process of the participants. Of the 5,538 adolescents aged between 10 and 18 years whose blood sample, as well as their maternal questionnaires, were available, 701 participants with missing record on maternal height, weight, and sleeping were excluded. Finally, a total of 4,837 mother-child pairs were enrolled in the study. All participants and their parents have signed informed consents, and this study adheres to the Declaration of Helsinki for ethical standards and has been approved by the Ethical Committee of the Peking University (Number: IRB0000105213034).




Figure 1 | The selection process of the participants.





Data Collection and Measurements

All participants underwent anthropometric evaluation in a uniform manner. Height was measured by portable stadiometer (model TZG, China) with an accuracy of 0.1 cm. Weight was measured to the nearest 0.1 kg without shoes and in light clothing by Lever type weight scale (model RGT-140, China). BMI was computed by dividing weight (kg) by height squared (m2). Waist circumference (WC) was measured to the nearest mm and located at the 1 cm above umbilicus by steel tape (MT05 by AccuFitness, USA). Blood pressure was measured from the right arm of participants using mercury sphygmomanometer (model XJ11D, China) and stethophone (model TZ-1, China) after at least 5 min of rest. An average of two blood pressure measurements at a single visit was calculated for each participant.

Adolescents’ and parental demographic characteristics, lifestyle, adolescents’ early life factors (including delivery way, feeding type, and birth weight), and family history of diseases were collected using self-filled questionnaires. Lifestyle included cigarette smoking (yes/no), alcohol consumption (yes/no), sleep duration, physical activity, and dietary behavior. Physical activity information was collected by World Health Organization Global Physical Activity Questionnaire, and the frequency and duration of moderate and vigorous intensity activity over the past 7 days was recorded. The average physical activity time per week was calculated as: weekly physical activity time = frequency (days per week) × duration (hours per time). Dietary information, including the intake of vegetables, fruits, sugar-sweetened beverages (SSBs), and meat, was collected by questionnaire and the average daily intake of vegetables and fruits was calculated as: daily intake = (frequency (days per week) × daily servings)/7, in addition, average weekly intake of sugar-sweetened beverages and meat was calculated as: weekly intake = frequency (days per week) × daily servings. One serving of vegetable or fruit is approximately 120 g, one serving of SSBs is approximately 250 ml, and one serving of meat is approximately 100 g.

After overnight fasting for 8 to 12 h, 5 ml venous blood samples were collected for each adolescent. Blood tests were performed by the autoanalyzer (Hitachi 7080, Japan). The fasting blood glucose (FBG), triglycerides (TG), and high-density lipoprotein (HDL-C) tested by glucose oxidase method, enzymatic method, and clearance method, respectively. All analyses were carried out by a qualified biomedical analyses laboratory (14).



Definitions of MS and Healthy Lifestyle Factors

Metabolic syndrome in offspring was defined according to the criteria of the ATP III modified for age (15). Those who meet three of the five abnormalities, including abdominal obesity, elevated blood pressure, high triglycerides, low HDL-C, and high glucose level, were diagnosed as being MS. According to the definition of MS in offspring, abdominal obesity here referred to the waist circumference ≥90th percentile for sex and age. Elevated blood pressure referred to systolic blood pressure and/or diastolic blood pressure ≥90th percentile for sex, age, and height. While those of TG ≥1.24 mmol/L were considered as having high triglycerides, those with HDL-C ≤1.03 mmol/L were classified as having low HDL-C, and adolescents with fasting blood glucose ≥6.1 mmol/L was defined as having high blood glucose. In this study, the reference values for waist circumference and blood pressure are based on the Chinese population (16, 17).

The definition of healthy lifestyle in mothers was shown in Table 1. Six factors, including cigarette smoking, BMI, physical activity, dietary behavior, sleep duration, and alcohol consumption, were considered to define maternal healthy lifestyle. These factors were selected based on the evidence for their association with MS and recommendations for MS prevention and management (18, 19). For each lifestyle factor, meeting the threshold was judged as ideal, otherwise it was considered as unideal.


Table 1 | Definition of maternal healthy lifestyle factors.



The threshold criteria for maternal ideal smoking status, BMI, and physical activity was consistent with the goal for cardiovascular health defined by The American Heart Association (20). Ideal dietary behavior was identified based on four components, including intake of vegetables, fruits, sugar-sweetened beverages, and meat. The threshold of sugar-sweetened beverages consumption was suggested by The American Heart Association (20), while the threshold of vegetables, fruits, and meat consumption were recommended by Dietary Guidelines for Chinese Residents (21). Mothers met three to four dietary components were defined as having ideal dietary behavior. According to the recommendations of National Sleep Foundation, ideal sleep duration was defined as 7–9 h per day (22). For alcohol consumption, the ideal status was defined as no alcohol consumption currently (23).

In offspring, six factors, including no smoking, no alcohol consumption, keeping a healthy body weight (neither wasting nor overweight/obesity) (24), having sufficient sleep duration (25), engaging in regular moderate or vigorous physical activity (≥1 h per day), and eating a healthy diet (met three of four factors of healthy vegetables, fruits, sugar-sweetened beverages and meat consumption) (26), were considered to define healthy lifestyle.

To evaluate the association between maternal comprehensive healthy lifestyle and risk of offspring MS, the number of maternal ideal lifestyle factor were categorized into four groups (0–2, 3, 4, and 5–6). When analyzing the relationship between the maternal and offspring combined lifestyle and MS risk of offspring, maternal and offspring lifestyle were categorized into low-risk and high-risk groups, respectively, based on the number of ideal lifestyle factors. Those who adhered to 4–6 ideal lifestyle factors were considered as low-risk group, while those who met 0–3 ideal lifestyle factors were regarded as high-risk group.



Statistical Analysis

All analysis was performed with SPSS 24.0 (IBM SPSS Statistics 24.0, USA). Continuous variables were expressed by mean values and standard deviations, and categorical variables were expressed by numbers and percentages. Logistic regression models were employed to evaluate the association between maternal lifestyle and the risk of MS in offspring. Both odds ratios (OR) and 95% confidence intervals (CI) were calculated. The number of maternal ideal lifestyle factor was included in the regression analysis as a continuous variable for trend test. In addition, the association between combined lifestyle of mothers and offspring with the MS risk in offspring was analyzed using logistic regression model. All statistical tests were two sided and were considered statistically significant at P < 0.05.




Results

The characteristics of 4,837 mother-offspring pairs in this study are shown in Table 2. Only 1.1% of mothers had their all six factors ideal. More than 80% of mothers had an ideal BMI, cigarette smoking, and alcohol consumption, but the prevalence of ideal dietary behavior was quite low (3.8%). About 8.3% (n = 403) of adolescents were classified as having MS.


Table 2 | Characteristics of mothers and offspring.



As shown in Table 3, maternal lifestyle was related with offspring metabolic risk, and the increased number of maternal ideal lifestyle factors was associated with decreased risk of MS in their offspring (P for trend = 0.001). The prevalence of MS dropped from 17.4% in adolescents whose mothers had 0–2 ideal factors to 7.4% in those whose mothers had 5–6 ideal factors (P for trend < 0.001). The corresponding MS risk in offspring was 51.8% lower in those whose mothers met 5–6 ideal lifestyle factors compared with those whose mother had 0–2 ideal lifestyle factors after adjustment (OR = 0.482, 95%CI = 0.287~0.811).


Table 3 | Associations between maternal lifestyles and risk of offspring MS.



To explore whether the influence of maternal lifestyle on offspring MS could be explained by the lifestyle of offspring, the model was further adjusted for adolescents’ lifestyle, including cigarette smoking, alcohol consumption, sleep duration, physical activity, and dietary behavior. This adjustment did not change the relationship (Table 3, model 3), and the MS risk was 55.1% lower in adolescents whose mother adhered to 5-6 ideal lifestyle factors compared with those whose mothers met 0-2 ideal lifestyle factors (OR = 0.449, 95% CI = 0.251~0.802). In the stratified analysis, similar association was detected, though significant association was only found in girls and those lived in urban area (Table 4).


Table 4 | Associations between maternal lifestyle and the risk of offspring MS, stratified by region and gender.



When the relationship between maternal lifestyle and the risk of offspring MS components was investigated, the increased number of maternal ideal lifestyle factors was associated with decreased risk of abdominal obesity and low HDL-C in their offspring (P for trend <0.05). In addition, adolescents whose mother met 5–6 ideal lifestyle factors had lower risk of abdominal obesity (OR = 0.580, 95% CI = 0.375~0.897), elevated blood pressure (OR = 0.599, 95% CI = 0.390~0.918), and high triglycerides (OR = 0.627, 95% CI = 0.405~0.971), compared with those whose mother met 0–2 ideal lifestyle factors (Table 5).


Table 5 | Associations between combined maternal lifestyle factors and risk of MS components in offspring.



The association of maternal and offspring combined lifestyle with offspring MS risk was shown in Table 6. Compared with those had 0–3 ideal lifestyle factors in both mothers and offspring, ORs ranged from 0.818 (95% CI = 0.593~1.128) to 0.243 (95% CI = 0.169~0.349) in those with 4–6 ideal lifestyle factors in either mothers or offspring, and the MS risk was 75.7% lower (OR = 0.243, 95% CI = 0.169~0.349) in those had 4–6 ideal lifestyle factors in both mothers and offspring. Similar relationships were additionally observed when components of MS were estimated, the risk of abdominal obesity, elevated blood pressure, high triglycerides, low HDL-C were significantly lower in offspring had low-risk lifestyle in both mothers and themselves.


Table 6 | Risk of offspring MS and its components according to the combination of maternal lifestyle and offspring lifestyle†,‡.





Discussion

In this study, the lifestyle of mothers was strongly related with the risk of MS in their offspring, which was independent of offspring’s lifestyle. The more healthy lifestyle mothers adhered, the lower MS risk offspring had. In addition to maternal lifestyle, when both mothers and their offspring had more ideal lifestyle factors (4–6 ideal factors), the risk of offspring MS was lower than those whose mothers and themselves both had 0–3 ideal lifestyle factors.

Previous studies conducted in children and adolescents had shown that maternal weight, smoking, and alcohol consumption was related with offspring’s obesity, blood pressure, and triglycerides (11, 12, 27). Dhana and colleagues found that offspring of mothers who adhered to healthy lifestyle had a 73% lower risk of obesity (13). In the present study, we found a comprehensive maternal healthy lifestyle had a substantial protective effect on MS risk in offspring. Thus it can be seen, maternal lifestyle was not only associated with risk of offspring obesity, but also other cardio-metabolic factors, such as dyslipidemia and elevated blood pressure, which emphasized the importance of maternal lifestyle.

Because of the high consistency of lifestyle between mothers and offspring, it is wonder whether adolescents’ lifestyle could be a mediation between their health status and mothers’ lifestyle (28–30). Thus, the association was further adjusted for adolescents’ lifestyle factors. This adjustment further reduced the offspring MS risk. Though the mechanisms underlying were not elucidated, accumulated evidence has shown that parenting style and practices may contribute to the weak mediation effect of offspring’s lifestyle (31, 32). And in westernized context, there were differences regarding lifestyle perception and management in teenagers and their parents (33). In addition, adolescents of this age spent most of their time at school, and they were susceptible to the external environment beyond family (34), and the influence of peers become more influential during adolescence while the impact of mothers and other family members was attenuated (35). Furthermore, when mothers and offspring both had healthy lifestyle, the risk of MS in offspring was even lower. Our findings are in line with the study conducted in European children aged 5 to 13 years, which indicated that both parental and offspring’s healthy lifestyle committed to a healthier weight for children (30), and suggested a combined effect of maternal and offspring’s lifestyle on adolescents’ cardiometabolic health.

Moreover, the relationship of maternal lifestyle on adolescent MS risk was observed in different areas and sexes, it was more substantial in girls and those lived in urban area. These finding were also detected by another study conducted in Chinese families (36). In addition, studies have shown that parents living in urban region pay more attention to adolescents’ daily lifestyle (37). A stronger relationship between mothers and daughters had been detected, and this observation was in agreement with previous studies. The potential explanation for the different findings between boys and girls was that boys were more active and were more susceptible to the external environment than girls. In addition, the shared environmental components between mothers and daughters were stronger than those between mothers and sons (38), which may also relate to the epigenetic effects on intergenerational relationships between same sex (39). Hence, our findings suggested that adolescents would benefit from family-based intervention, especially in urban adolescents and girls.

Based on a comprehensive lifestyle, this study suggested that the development of mothers’ healthy lifestyle could provide further opportunity to improve offspring’s health, in addition to the improvement of adolescents’ lifestyle behavior. Our study highlights the critical role of maternal healthy lifestyle and could be useful to improve future intervention strategy to decrease the MS risk in youths. Intervening by focusing on lifestyle of mothers but preferably of both members of the mother-offspring dyad might be a novel and effective strategy for preventing MS.

Several limitations should be considered when our findings were interpreted. First, this study was a cross-sectional study and was unable to determine causal relationship between maternal lifestyle and risk of offspring MS. Further randomized controlled trial is needed to confirm our findings. In addition, the information of lifestyle was collected by self-reported questionnaire, objective and accurate measurements, such as accelerometers, are warranted. Moreover, our study only examined maternal lifestyle, and paternal overall lifestyle was not included, prospective study considering parental role in the development of MS in offspring is needed.



Conclusion

The present study found that maternal healthy lifestyle was associated with decreased MS risk in offspring, which was independent of offspring’s lifestyle. What’s more, the adolescent MS risk was further lower when mothers and their offspring both follow a healthy lifestyle. These findings suggest the importance of maternal lifestyle on their offspring’s health and support the mother-based intervention strategy aimed to improve adolescents’ cardio-metabolic health.
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