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Aims: In this study, we evaluated the association of sociodemographic, lifestyle and cardiometabolic factors with blood glucose levels in children and adolescents in Mexico.



Methods: An analytical cross-sectional study of 642 children and adolescents aged 6 to 19 years from different educational centers located in municipalities of the state of San Luis Potosí, Mexico, was carried out. Pearson χ2 and Spearman correlation tests and multiple linear regression models were used to evaluate the associations of the variables with glycemia.



Results: The prevalence of prediabetes was 8.0% in both sexes. Male participants were more likely to develop hyperglycemia than female participants (OR 2.7, 95% CI: 1.5–5.0). The variables associated with glucose levels were male sex, high socioeconomic status, inadequate diet, high blood pressure, and increased total cholesterol, LDL cholesterol, and triglycerides, which also explained up to 15.6% (p < 0.05) of the variability in glucose concentrations.



Conclusion: The detection of sociodemographic, lifestyle and cardiometabolic factors in children and adolescents will contribute to the implementation of prevention strategies for cardiometabolic diseases, among which prediabetes is common.



KEYWORDS
glycemia, adolescents, risk factor, factors, children





Highlights


	•Sociodemographic, lifestyle and cardiometabolic factors were related to glycemia.

	•A total of 29.7% of the participants slept less than 8 h a day.

	•The prevalence of prediabetes was 8% in children and adolescents in Mexico.

	•Male participants were more likely to develop hyperglycemia than female participants.

	•Sociodemographic and cardiometabolic factors explained 15.6% of the variability in both sexes and 17.3% of the variability in males.





1. Introduction

Noncommunicable chronic diseases (NCDs) are characterized by a slow progression, a long duration, and a high mortality rate resulting from a combination of different factors, including biological, environmental, social, economic and lifestyle factors (1, 2). Among the main NCDs are cardiovascular diseases (CVDs), chronic respiratory diseases, cancer and type 2 diabetes mellitus (T2D). Specifically, in Mexico, CVDs and T2D have been the leading causes of death since 2010–2017, as reported by the General Directorate of Epidemiology (3). However, the increase in obesity and overweight in Mexican adolescents and children has been evident in recent years (4), with more than 30% being overweight or obese while also experiencing comorbidities such as prehypertension, insulin resistance (IR) and prediabetes (5, 6).

Prediabetes is considered a risk factor for T2D and CVDs, which are also considered cardiometabolic diseases (7). However, its early detection is difficult in some cases because some people do not present obvious symptoms or signs until they develop T2D. For example, 88 million American adults have prediabetes, but more than 80% of them do not know they have it (8). In Mexico, the prevalence of prediabetes was greater than 13% in subjects under 20 years of age according to one study (9). However, current epidemiological data on the prevalence of NCDs, such as prediabetes, in Mexican children and adolescents are limited. In addition, it is important to highlight the lack of information on the influence of factors other than behavioral factors, such as social, economic or biological factors, which make the problem more complex. Therefore, the evaluation of different influencing factors of glucose concentrations would provide more information on the possible interrelated causes of prediabetes, thereby contributing to a better understanding of the development of NCDs with an emphasis on hyperglycemia as a condition for which school children have greater risk. In consideration of the aforementioned concerns, the objective of this study was to evaluate the association of sociodemographic, lifestyle and cardiometabolic factors with glucose levels in children and adolescents in Mexico.



2. Material and methods


2.1. Study design and participants

An analytical cross-sectional study using stratified sampling was performed by selecting participants from different educational centers (elementary and high school) located in Ahualulco, Moctezuma, San Luis Potosí, Matehuala and Villa de Guadalupe, which are municipalities in the state of San Luis Potosí, Mexico. The data were collected during 2015–2016. A total of 955 Mexican volunteers between 6 and 19 years of age were selected; however, only 642 had the authorization of their parent or guardian and a letter of consent as well as complete information for the following categories of variables: sociodemographic factors (age, sex and socioeconomic status); lifestyle factors [time spent in hours in front of electronic screens (cell phone, video games and TV), exercise, hours of sleep and diet]; and cardiometabolic factors (anthropometric variables, systolic and diastolic blood pressure and biochemical variables). The study followed the guidelines of the Declaration of Helsinki and was approved by the Comité Estatal de Ética en Investigación en Salud del Estado de San Luis Potosí, México SLP/003-2015.



2.2. Assessment of sociodemographic variables

The information was collected using questionnaires that were answered by the volunteers together with their parents or guardian. Information such as age and sex was collected. Socioeconomic status was evaluated using the questionnaire standardized for the Mexican population by the Mexican Association of Opinion and Market Intelligence Agencies (AMAI), which is based on scores that classify families based on the level of income and satisfaction of basic household needs, specifically, food, footwear, housing and utilities. In brief, the scores are classified into 7 categories, and the A/B category (planning and future) classifies households where the parents can afford to take international vacations or own their own businesses. The C+ category (entertainment and communication) classifies households where the children attend private schools or the parents are professionals or managers of a company. C (practical life) classifies households with a basic entertainment infrastructure, and their main expenditure is the children's education. The C- category (minimum practical conditions) are those households that have a fixed internet connection, and approximately 40% of their expenditures are food and 5% include clothing and footwear.

The D+ category (basic sanitary conditions) includes households with minimal sanitation infrastructure and children attending public schools. The D category (walls and some services) classifies households where 46% of their expenditures is food and they lack the majority of utilities. The E category (shortage) includes households that lack all utilities and their income is not sufficient for food (10).



2.3. Assessment of lifestyle variables

Questionnaires were used to collect information on the amount of time in hours per day that volunteers spent in front of electronic screens. In addition, a questionnaire was conducted to determine the minutes per week that the subjects devoted to vigorous-intensity aerobic activities (such as playing basketball or soccer); an adequate exercise pattern was defined as vigorous-intensity aerobic activities carried out for 60 min a day for at least three days a week according to the recommendations made by the World Health Organization (WHO) (11). We followed the recommendations of the National Sleep Foundation to assess sleep conditions (12), where an average of 8 h a day was considered good quality sleep. Finally, diet was evaluated based on a questionnaire adapted and validated for the Mexican population for which a healthy eating index (HEI) was used and the score is proportional to the consumption of a healthy diet (13).



2.4. Assessment of cardiometabolic variables


2.4.1. Anthropometric measurements

Height was assessed with a SECA ® stadiometer (Seca 213, Seca, Hanover, MD, USA, 2009) (14). Weight was measured with a calibrated electronic monitor TANITA®UM-081 (Tanita UM-081, Tokyo, Japan). BMI was calculated with the formula BMI = weight/height [kg/m2]. In addition, BMI-for-age percentiles (pBMI) by sex were calculated by consulting the tables for children and adolescents 2 to 20 years of age provided by the CDC (Centers for Disease Control and Prevention), which included the following criteria: >5th percentile indicates underweight, 5th–85th percentile indicates healthy weight, 85th–94th percentile indicates overweight, ≥95th percentile indicates obesity (15).



2.4.2. Blood pressure

Systolic and diastolic blood pressure was measured in the dominant arm of the volunteer while in a seated position using a Welch Allyn® Baumanometer according to clinical guidelines (16, 17).



2.4.3. Biochemical measurements

Venous blood samples were collected from the forearm after a 12-hour fast according to standard techniques. The samples were collected in the educational centers and later transported in a rigid thermal container with cold packs to a laboratory where the blood serum was separated by centrifugation. Subsequently, the serum samples were analyzed in a single central laboratory in the capital of San Luis Potosí. Total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglyceride, and glucose levels were assessed on the automated analytical platform BS300 (Mindray®, Nanshan, Shenzhen, China) following the internal test protocols and the use of commercially available reagent kits. For the classification of hyperglycemia, levels greater than 100 mg/dl (5.55 mmol/L) were considered the clinical cutoff point, while for prediabetes, levels of ≥100 mg/dl (5.55 mmol/L) to <126 mg/dl (6.99 mmol/L) were considered the cutoff point according to the standards established by international guidelines (18).




2.5. Statistical analysis

Measures such as frequencies and percentages were obtained for categorical variables, while for continuous variables, the mean, standard deviation, median and minimum and maximum intervals were obtained. The Kolmogorov–Smirnov test was used to examine the normality of the data.

The bivariate analysis to evaluate the association between the categorical variables (sex and exercise pattern) and glycemia was performed using Pearson's chi-square statistic (X2). In addition, the odds ratio (OR) with 95% confidence interval was calculated using a 2 × 2 contingency table, and the association of sociodemographic, lifestyle and cardiometabolic variables with blood glucose was analyzed by Spearman correlation analysis. The sum of hours of video game, cell phone and television use was also included. The results for which p < 0.05 were considered statistically significant. Only significantly related variables from the bivariate analysis were included in the multiple linear regression analysis.

The assumptions of the linear regression model were considered in the analysis; for example, to avoid multicollinearity among the variables, a correlation coefficient of r < 0.300, p < 0.05 and a variance inflation factor (VIF) < 4 were considered. Finally, 4 models with these characteristics were built. The statistical software used was SPSS, version 20.0 (SPSS Inc., Chicago, IL, USA).




3. Results

A total of 642 participants were evaluated, of whom 350 were female. With respect to socioeconomic status, 61% had medium-low to low socioeconomic status, 24% had minimum practicality and comfort and 37% spent most of their economic income on food, with their households lacking most utilities. Most participants had an adequate sleep period, although 29.7% slept less than 8 h per day (Table 1), and 98% had a diet low in fiber, fruits and vegetables (data not shown).


TABLE 1 Sociodemographic and lifestyle characteristics (n = 642).
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The values of cardiometabolic variables were found to be within the reference range (Table 2).


TABLE 2 Characteristics of cardiometabolic factors.
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The pBMI was also analyzed by percentiles for age and sex (male and female) as follows: 5th percentile (14.1 kg/m2 and 14.6 kg/m2), 50th percentile (19.3 kg/m2 and 20.3 kg/m2) and 85th percentile (25.3 kg/m2 and 25 kg/m2). Regarding this, 85% of the participants had a normal BMI or a BMI less than 25 kg/m2, while 15% were overweight and obese.

The prevalence of hyperglycemia in males and females was 8.2%, while that of prediabetes was 8% for both sexes. A significant relationship was found between male sex and hyperglycemia (X2 = 11.7, p = 0.001), where it was observed that males were 2.7 times more likely to develop hyperglycemia than females (OR: 2.7, 95% CI: 1.5–5.0). Regarding correlations between glucose and the other variables, systolic blood pressure was positively correlated with glucose levels (r = 0.347, p < 0.01) in males, and it was the strongest correlation in this study. Additionally, it was observed that socioeconomic status, time spent in front of video game screens, BMI, blood pressure, total cholesterol, LDL cholesterol, triglyceride levels, and an unhealthy diet were positively correlated with glucose levels in both sexes, and most of these findings were retained when analyzed by sex (Table 3).


TABLE 3 Spearman correlation of factors with glucose levels.
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From the results obtained from the multiple models (Table 4), it was observed that the factors that were associated with variability in serum glucose concentrations were male sex, socioeconomic status, systolic and diastolic blood pressure, and total cholesterol, LDL cholesterol and triglyceride levels. Particularly, Model 2 presented the greatest explanation of the variability in glucose concentrations, with 15.6% (p < 0.05) of the variability explained when combining variables such as sex, socioeconomic status, time spent in front of video game screens, the healthy eating index, BMI, diastolic blood pressure and total cholesterol level.


TABLE 4 Final models of multiple linear regression analysis for glycemia.
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This shows that, for example, male sex is associated with an increase in blood glucose levels of 3.27 mg/dl (0.181 mmol/L) while having a high socioeconomic status can increase glucose levels by 0.027 mg/dl (0.001 mmol/L). In addition, for every 1 mmHg increase in diastolic blood pressure, glucose increased by 0.188 mg/dl (0.001 mmol/L), and for every 1 mg/dl (0.026 mmol/L) increase in total cholesterol, there was a 0.041 mg/dl (0.002 mmol/L) increase in glucose.

When the final models were analyzed by sex (Table 5), it was observed that for males, the greatest amount of variation in glucose concentrations (17.3%, p < 0.05) was explained by the combination of time spent in front of video game screens, socioeconomic status, LDL cholesterol level, BMI, and diastolic blood pressure, which were very similar in the other models.


TABLE 5 Final models of multiple linear regression analysis for glycemia by sex.
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However, for females, Model 4 presented the greatest explanation in the variability of glucose levels (9.4%, p < 0.05) when combining socioeconomic status, diastolic blood pressure and total cholesterol level. In general, the variables associated with increased glucose in females were blood pressure, some cardiometabolic variables, and socioeconomic status.



4. Discussion

Hyperglycemia has been related to cardiometabolic diseases and can manifest without clear symptoms. Therefore, its identification is clinically important, especially in this population, because children and adolescents are presenting with hyperglycemia or even prediabetes and lipid alterations, all of which increase the risk of T2D and cardiovascular complications in adulthood. As mentioned above, this study focused on evaluating the association of sociodemographic, lifestyle, and cardiometabolic factors with serum glucose levels in children and adolescents in Mexico.

The prevalence of hyperglycemia in our study sample was 8.2%, and the factors that were associated with higher blood glucose levels were male sex, high socioeconomic status, excessive use of video games, inadequate diet, increased BMI, elevated blood pressure, and increased total cholesterol, LDL cholesterol and triglyceride levels. These differences were notable in males, who were more than twice as likely to have hyperglycemia as females.

The mean glucose level was 89.7 mg/dl (4.98 mmol/L), slightly higher than that reported in another study with Mexican adolescents: 80.6 mg/dl (4.47 mmol/L) (19). These results are within the normal clinical range for glucose levels (18); however, it has been reported that even fasting blood glucose levels of 86–99 mg/dl (4.77–5.49 mmol/L) are high enough to double the risk of developing prediabetes and T2D in adulthood (20). Moreover, in our study, 8% of the participants had hyperglycemia and prediabetes. In Mexico, the prevalence of prediabetes reported in a study conducted with children and adolescents in the state of Yucatan, Mexico, was 13% (9). In another study of 2,117 Mexican children and adolescents, the prevalence of prediabetes was 11.3% (21). However, the prevalence of hyperglycemia, although relatively low, could be the result of early-onset IR, which is alarming because without early detection, these children and adolescents are at greater risk of developing T2D. Furthermore, children and adolescents with prediabetes in turn have other comorbidities, such as IR, overweight, obesity and prehypertension, that increase the risk of cardiovascular disease in the future (5, 6).

Regarding sex, similar to our results, other authors have reported that male adolescents have higher glucose levels than females (22, 23). In this context, it has been suggested that the possible underlying mechanism by which males have elevated glucose levels may be related to growth and multiple hormonal changes (24).

Although we did not classify this study population into prepubertal, pubertal and postpubertal groups, these different stages of development have been shown to be indicative of age and hormone production; for example, growth hormone is involved in glycogen metabolism (i.e., glycogenolysis and gluconeogenesis) and lipid metabolism throughout childhood. In addition, it has been reported that at prepubertal ages, there is a greater preferential oxidation of fat over carbohydrates during exercise, in contrast to pubertal and postpubertal subjects (25).

Another variable that we analyzed was socioeconomic status; in this case, our results indicated that higher socioeconomic conditions were positively associated with glycemia. However, the results of other studies are still inconsistent regarding the exact relationship between socioeconomic status and the development of metabolic diseases; for example, in a cohort study, it was shown that low socioeconomic conditions are associated with the development of prediabetes in children and adolescents (26, 27). Conversely, children from families of higher socioeconomic status have been reported to have more than twice the risk of developing prediabetes (28). This may be because sedentary behaviors, such as having access to TVs and video games or to private transportation and thus not having to walk from one place to another, may be characteristic of the lifestyles of families with higher socioeconomic status.

Similar to the results of this study, the excessive use of video games (>5 h a day) combined with low physical activity (<1 h a day) was associated with higher glucose (β > 0.100, p < 0.05) in adolescents (29). In our study, the average time spent using electronic screens was >4 h a day, and most of the participants did not exercise. Excess time dedicated to video games and physical inactivity are indicative of a sedentary lifestyle and therefore would be associated with higher glucose levels. In fact, one study reported that higher glucose levels were associated with sedentary lifestyles in healthy adults (30). Although we did not evaluate sedentary behavior, the evidence shows that a sedentary lifestyle influences the variability of glucose levels (31).

Regarding dietary factors, a healthy diet was associated with lower glucose levels in this study, which is consistent with other studies where adequate nutrition had a positive impact on health in both adults and adolescents (32, 33).

Unhealthy diets, such as the Western diet, are characterized by high consumption of refined sugars, animal fats, processed meats, and refined cereals with low intake of fiber, fruits and vegetables (34), which was characteristic of our population. Foods such as fiber, fruits and vegetables have beneficial effects (35); for example, some foods contain components such as anthocyanins that could lower insulin resistance and thereby reduce the risk of T2D by inhibiting the enzymatic action of α-amylase and α-glucosidase and glucose transporters (GLUT) (36, 37).

Our results showed an association between high BMI and high glucose concentrations. These results were expected and are consistent with those previously reported in individuals aged less than 22 years (38, 39). For example, a positive correlation was found between BMI and glucose in children and adolescents in both sexes (r = 0.124, p = 0.014) (40). The same relationship was noted in the present study (r = 0.107, p < 0.001); however, in both cases, the correlation was weak. In addition, this study revealed a positive correlational trend between BMI and glucose in male subjects (r = 0.148, p = 0.052), which was higher than that of female subjects. A previous study revealed the same correlation between BMI and glucose, also with a stronger trend in men (r = 0.226, p < 0.001) than in women (r = 0.038, p > 0.05), highlighting a higher probability that a high BMI in adolescence is associated with a state of hyperglycemia in adulthood (41).

Another finding of this study was that high blood pressure values were associated with high glucose levels. A positive relationship has been reported between these two cardiometabolic variables in children and adolescents between 7 and 17 years of age (42); moreover, adolescents with high glucose levels are more likely to have hypertension (OR: 4.6; 95% CI: 1.6–12.7) (43). In fact, one study showed that when evaluating a group of adolescents with serum glucose levels higher than 100 mg/dl (5.55 mmol/L), they had alterations in systolic blood pressure (44), which emphasizes the evaluation of glucose levels from an early age to prevent future cardiovascular diseases. Fasting hyperglycemia may be associated with arterial stiffness, possibly caused by oxidative stress, the accumulation of glycation end products, and alterations in vasoactive substance mechanisms (45). In addition, the synergistic effects of blood glucose and blood pressure levels, even at levels below the clinical values that define T2D and hypertension, can lead to the progression of arteriosclerotic arterial damage (46).

The positive association between total cholesterol, LDL cholesterol and triglyceride levels with glucose is similar to other results reported in adults (47, 48) and in normal-weight children, who for example, were shown to have an association between dyslipidemia and impaired fasting glucose (49). Impaired fasting glucose may be caused by impaired free fatty acid metabolism due to the induction of IR underlying the lipid abnormality, which triggers the hepatic overproduction of glucose, resulting in elevated blood glucose levels (49). In addition, it has been reported that the development of IR is related to a decrease in HDL and an increase in LDL in children and adolescents of both sexes (50).

The limitations of this study were that it was a cross-sectional study, so it is not possible to determine causality, and the use of the questionnaires constructed for this study limits the scope of detection. In addition, in this study, we evaluated the elementary and high school populations because they are vulnerable populations and are thus understudied; however, subgroup analyses were not performed for the different stages of maturation (i.e., prepubertal, pubescent and postpubertal). Additionally, we know that most of these factors require previous clinical or biochemical tests and therefore would be a limiting factor for the early identification of hyperglycemia. Finally, another limitation of this study was that more socioecological factors were not analyzed, which are important to consider, as they may provide a more holistic approach to the multiple interrelated factors that may influence or affect people's health status when assessing different individual, interpersonal, community, organizational and political factors.

Nevertheless, one of the strengths of our study is that we explored the association of sociodemographic, lifestyle and cardiometabolic factors, which in turn are individual and intrapersonal factors of the socioecological model, in young Mexican students attending public institutions; although this study is not representative of the entire Mexican population, there are no studies that integrate these factors and their association with glycemia in children and adolescents from San Luis Potosí, Mexico. Furthermore, we included an adequate sample size to generate sufficient statistical power. Finally, the importance of evaluating differing lifestyles in addition to clinical biomarkers as important factors related to glycemia and the increasing emphasis on primary care should be highlighted since the presence of hyperglycemia in children and adolescents may increase the risk of NCDs in adulthood.

In the future, it is important to continue investigating the interaction of more biochemical markers stratified by age subgroups as well as other factors of the socioecological model at the individual (e.g., race, genetics, parental education), interpersonal (e.g., number of family members), organizational (e.g., work environment), community and political levels, which would provide a complete and explanatory panorama of this phenomenon to help implement effective health interventions.



5. Conclusion

Several sociodemographic, lifestyle, and cardiometabolic factors are positively associated with glucose levels in Mexican children and adolescents.

Finally, the identification of each of these risk factors in young populations can be useful in the development of future preventive strategies to reduce the risk of developing NCDs in the medium or long term as well as in decision-making in public health to improve the quality of life of children and adolescents.
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