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Abstract

:

This study aimed to investigate the relationships of nutrition and exercise behaviors on metabolic risk factors (MRF) when body mass index (BMI) was considered. Health-associated nutrition and exercise behaviors were assessed by a questionnaire, anthropometric values, blood pressure and biochemical determinations that were obtained from 4017 workers. The nutrition score was negatively associated with triglycerides in the overweight subgroup and with systolic blood pressure (SBP) in the obese subgroup. The exercise score was negatively associated with triglycerides and waist circumference (WC) and positively associated with SBP and high-density lipoprotein cholesterol (HDL-C) in the ideal weight subgroup as well as being negatively associated with WC and positively associated with HDL-C in the overweight subgroup. Similarly, the exercise score was negatively associated with WC and positively associated with SBP in the obese subgroup. However, no significant association was found between nutrition or exercise behavior and MRF in the underweight subgroup. In conclusion, the relationships of exercise and nutrition behaviors on MRF varied for different levels of BMI. Exercise showed a significant association with lower WC. Moreover, its effect showed a gradient trend in accordance with the levels of BMI. For ameliorating MRF, exercise seemed to have better effects than nutrition behavior, especially in the ideal weight subgroup.
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1. Introduction


Metabolic risk factors (MRFs) such as abdominal obesity, dyslipidemia, hyperglycemia, and hypertension are causally linked to the risk of cardiovascular disease (CVD) [1,2]. CVD is a major cause of death in Taiwan and in other countries worldwide [3,4]. Heart disease, cerebrovascular diseases, diabetes, and hypertension held the second, fourth, fifth, and eighth positions, respectively, among the 10 leading causes of mortality in 2016 in Taiwan [4]. In causes of death in Taiwan’s male workers, heart disease, cerebrovascular diseases, and diabetes ranked second, fifth, and sixth, respectively [5]. In addition, diabetes, cerebrovascular disease, and heart disease were the three leading causes of death in female workers [5]. Several healthy behaviors such as exercising and eating a well-balanced diet may reduce the risk of MRFs, whereas unhealthy behaviors such as smoking and excessive drinking may increase the risk of MRFs [6,7,8]. Therefore, helping workers maintain healthy behaviors is an important strategy for reducing MRFs in worksite health promotion [9,10].



Nutrition behavior is associated with CVD-related MRFs [11,12]. Evidence suggests that healthy nutrition behavior such as a diet high in fruits and vegetables and fish may lower the risk of CVD and death [13]. A diet low in saturated fat and trans fats may reduce CVD risk factors such as high blood pressure (BP) and an unfavorable blood lipid level [14,15,16]. Conversely, unhealthy nutrition behavior such as excessive salt intake is associated with inadequate BP control and overall cardiovascular risk [17,18]. High sugar intake has adverse effects on BP and blood lipids [19,20], and may raise the risk of diabetes [21]. There is also evidence that frequently eating high-energy foods such as processed foods that are high in fats and sugars can also cause obesity and raise cardiovascular risk [12,18]. Therefore, according to the above-mentioned evidence, important CVD-related MRFs may be modifiable by changing nutrition behavior.



Exercise behavior is also one of the components important to managing weight, reducing MRFs, and maintaining cardiovascular health [22,23]. Several studies have reported that regular and appropriate exercise showed a positive effect on BP, weight control, and blood lipids in adults [22,24]. Other studies have also reported that appropriate physical exercise can reduce CVD-related MRF in patients with diabetes [23,25]. Conversely, low levels of physical exercise may raise the development of MRFs and the risk of CVD mortality. To enhance the benefits of exercise on health, the general suggestion is that individuals should do 20 to 60 min of exercise three to five days per week with an exercise intensity at 50 to 85 percent of the maximum heart rate [26]. To improve overall cardiovascular health and lower blood pressure and unfavorable cholesterol, the American Heart Association recommends that adults perform moderate to vigorous intensity aerobic activity three or four days per week [27].



The BMI is a commonly applied index of weight categories and is used as a predictor of obesity-related health risk [28]. Increased BMI has been found to be associated with an increased risk of morbidity and mortality from CVD in several populations [29]. Individuals with a higher BMI may have an excess propensity toward adipose tissue when compared to individuals with ideal BMI [29]. Adipokines released from adipose tissue may induce insulin resistance, endothelial dysfunction, hypercoagulability, and inflammation, all of which can develop into CVD [29]. A study has also shown that higher BMI is associated with microvascular endothelial dysfunction in patients with suspected coronary artery disease [30]. If people with a high BMI adopt an unhealthy lifestyle such as unhealthy dietary patterns and sedentary behaviors, they may be presumed to have a higher metabolic- and CVD-related risk [6,7,12]. The advantage of eating healthily and exercising appropriately with respect to reducing MRFs has been observed in obese individuals [31,32,33]. It is unclear whether this advantage is the same for individuals with other levels of BMI. Existing studies clarifying the relationships of nutrition and exercise with lower CVD-related MRFs for each level of body mass index (BMI) are especially scant. Among these limited studies, BMI levels were classified into merely two or three subgroups [34,35]. A comprehensive understanding of the role of BMI level in the relationships between healthy behaviors and MRFs is needed. In addition, workers are a high-risk population for metabolic- and CVD-related risk [5]. The effects of healthy behaviors on the overall CVD risk using the Framingham risk score were explored in our previous study [36]. In this study, we aimed to investigate the relationships of nutrition and exercise behaviors on MRFs when four BMI levels were stratified.




2. Materials and Methods


2.1. Ethics Statement


This study was one component of the Taiwan Workplace Health-Promotion Scheme. The study was conducted according to the Declaration of Helsinki and was approved by the Institutional Review Board of the Changhua Christian Hospital in Taiwan with a waiver of informed consent (CCHIRB No: 120606).




2.2. Study Population


This cross-sectional study was conducted in 2012 by the Center for Occupational Health. The workers were recruited via convenience sampling from four manufacturing companies in central Taiwan. The workers’ occupations consisted of management, white-collar workers (including professionals, technicians, office workers, and service workers), and blue-collar workers (including crafts worker and machine operators) in the present study. The principal activities of these workers included manufacturing electronic components, pumps, motor vehicle parts, and transport equipment. A total of 5096 workers 20 years of age or older were invited to complete a questionnaire where they self-reported their personal information, health-associated nutrition and exercise behaviors, and occupation. Data on MRFs were collected through the contacted companies’ annual health screening required by Taiwan regulations. After excluding 1079 workers lacking the necessary information on personal data, nutrition and exercise health behaviors, or MRFs, 4017 workers consisting of 3286 male workers and 731 female workers were included in the final analysis.




2.3. Assessment of Nutrition and Exercise Behaviors


The Health-Promoting Lifestyle Profile II (HPLP II) [37] is a modified version of the Health-Promoting Lifestyle Profile [38] that has been used extensively in research and is reported to have sufficient validity and reliability for use in various populations [39,40,41]. It composes of six subscales including nutrition, physical activity, health responsibility, stress management, interpersonal relations, and spiritual growth. For research purposes, only nutrition and physical activities subscales were adopted in the present study to assess the nutrition and exercise behaviors. Nutrition behavior was evaluated using nine items including (1) Choosing a diet low in fat, saturated fat, and cholesterol; (2) Limiting the use of sugars and sweets; (3) Eating daily servings of bread, cereal, rice, and pasta; (4) Eating daily servings of fruit; (5) Eating daily servings of vegetables; (6) Eating daily servings of meat, poultry, fish, dried beans, eggs, and nuts; (7) Eating daily servings of milk, yogurt, or cheese; (8) Reading labels to identify nutrients; and (9) Eating breakfast. For information on the recommended number of daily servings for each food group, participants were referred to the Taiwanese dietary guidelines. In addition, eight items for exercise health behavior were (1) Following a planned exercise program; (2) Exercising vigorously for 20 or more minutes at least three times per week; (3) Taking part in light to moderate physical activity; (4) Taking part in leisure-time (recreational) physical activities; (5) Doing stretching exercises at least three times per week; (6) Getting exercise during usual daily activities; (7) Checking pulse rate when exercising; and (8) Reaching the target heart rate when exercising. Items were scored as Never = 1, Sometimes = 2, Often = 3, and Routinely = 4. A score for nutrition or exercise behavior was obtained by calculating the mean of the responses to subscale items. A higher mean score was associated with a greater level of participation in healthy nutrition or exercise behavior. In this study, the subscales of nutrition and exercise behaviors for the Taiwanese version of the HPLP II revealed an acceptable internal consistency, with Cronbach’s alphas of 0.85 and 0.78, respectively.




2.4. Definition of Different BMI Levels


Anthropometric measurements included height and weight. The calculation for BMI is weight in kilograms divided by height in meters squared [(kg)/(m2)]. BMI status was categorized as underweight (BMI < 18.5), ideal weight (18.5 ≤ BMI < 24.0), overweight (24.0 ≤ BMI < 27.0), and obese (BMI ≥ 27.0), according to the definition of the Health Promotion Administration, Ministry of Health and Welfare in Taiwan [42].




2.5. Measurements of MRFs


The measurement of MRFs included WC, systolic blood pressure (SBP) and/or diastolic blood pressure (DBP), fasting glucose level (FBG), triglycerides (TG), and HDL-cholesterol (HDL-C) [43,44]. The measurement of WC (cm) was performed by trained health personnel in accordance with the International Standards for Anthropometry and Kinesiology (ISAK) [45]. The BP measurement was taken using a validated digital sphygmomanometer (HEM-7310, Omron, Kyoto, Japan) while the participant was in a seated position after at least five minutes of rest. In addition, blood samples were collected after at least eight hours of overnight fasting, and the medical laboratory (certified ISO 15189) measured the biochemical parameters using a biochemical auto-analyzer (TBA-200FR, Toshiba, Tokyo, Japan). FBG was analyzed using an enzymatic UV test (hexokinase method). TG was measured using a series of coupled enzymatic reactions. HDL-C was measured by direct methods.




2.6. Statistical Analysis


All statistical procedures were performed using SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA). For categorical variables in the contingency table, data were presented in number (n) and percent (%) and were analyzed by the Chi-square test. Continuous variables were analyzed by one-way ANOVA (>2 groups) tests followed by Scheffe’s post-hoc multiple comparisons. Continuous data were presented in mean ± SD with median. The bivariate correlation test was used to calculate the crude correlations of healthy behaviors and individual items with MRFs. Multiple linear regression analysis with adjustments for gender and age was applied to determine the relationships between healthy behaviors and MRFs, stratified by BMI level. Data were presented in unstandardized coefficients (B) and standardized coefficients (β). A p-value of less than 0.05 was considered statistically significant.





3. Results


3.1. Descriptive Statistics of the Participants’ Personal Characteristics by BMI Levels


Table 1 shows the participants’ personal characteristics. Of the 4017 workers, 112 (2.8%) were classified as underweight, 1852 (46.1%) were classified as ideal weight, 1287 (32.0%) were classified as overweight, and 766 (19.1%) were classified as obese. BMI levels were significantly associated with gender, age, and health-associated nutrition and exercise behaviors.




3.2. Relationships between BMI Levels and Metabolic Risk Factors


Table 2 shows the relationships between BMI levels and MRFs. The mean of each MRF in the four different BMI subgroups among workers was significantly different (p < 0.001). Individuals with a higher BMI may have a significant propensity toward the mean of each MRF when compared to lower-BMI individuals. In Scheffe’s post-hoc comparison, WC, TG, and HDL-C showed a salient trend (p < 0.001); the data were worse along with higher BMI subgroups. For FBG, SBP, and DBP, all of the differences between any two subgroups were also significant except those between the ideal weight subgroup and the underweight subgroup.




3.3. Crude Correlations of Metabolic Risk Factors and Health Behavior


Table 3 shows the crude correlations of the MRFs with nutrition and exercise health behaviors for all of the participants as a whole and for each stratification by the BMI level. For the underweight subgroup, nutrition behavior showed a significantly negative correlation with WC; exercise behavior did not show significant correlation with any of the MRFs. For the ideal weight subgroup, nutrition behavior showed a significantly negative correlation with WC and positive correlation with DBP and HDL-C; and exercise behavior showed a significantly negative correlation with TG and positive correlations with SBP, DBP, and HDL-C. For the overweight subgroup, nutrition behavior showed a significantly negative correlation with TG and positive correlations with SBP, DBP, and HDL-C; and exercise behavior was positively correlated with SBP, DBP, and HDL-C. For the obesity subgroup, nutrition behavior showed a significantly positive correlation with DBP; exercise behavior showed a significantly negative correlation with WC and positive correlations with SBP and DBP. Additionally, the crude correlations of each item of nutrition and exercise behaviors and MRFs for all of the participants as a whole and for each stratification by BMI level are presented in the Supplementary Materials.




3.4. Metabolic Risk Factors in Relation to Nutrition and Exercise Health Behavior According to Different BMI Levels


Using multiple linear regression analysis with adjustments for gender and age, the relationships of nutrition and exercise behavior on the MRFs are presented by the different BMI levels shown in Table 4. Results from the ideal weight subgroup showed that nutrition behavior entailed a negative correlation of SBP, but the statistical significance was not shown. For the overweight subgroup, nutrition behavior was significantly negatively correlated with TG. For the obese subgroup, nutrition behavior was significantly negatively correlated with SBP. In addition, exercise behavior was significantly negatively correlated with WC and TG, and positively correlated with SBP and HDL-C in the ideal weight subgroup. For the overweight subgroup, exercise behavior showed a significantly negative correlation with WC and a positive correlation with HDL-C. For the obese subgroup, exercise behavior showed a significantly negative correlation with WC and a positive correlation with SBP. However, no significant relationship was found between the MRFs and nutrition or exercise behavior for the underweight subgroup.





4. Discussion


This study aimed to investigate the relationships of nutrition and exercise behaviors on MRFs when four different BMI levels were stratified. Our data suggested that (1) for underweight workers, healthy nutrition and exercise behaviors were not significantly associated with any of the MRFs; (2) for ideal weight workers, exercise was associated with a lower level of WC and TG as well as a higher level of HDL-C, whereas exercise was associated with a higher level of SBP; (3) for overweight workers, healthy nutrition behavior was associated with lower TG, and exercise was associated with lower WC and higher HDL-C; and (4) for obese workers, healthy nutrition behavior was associated with lower SBP, whereas exercise was associated with higher SBP. Additionally, exercise was associated with lower WC.



A healthy diet is high in fruits, vegetables, whole grains, lean meats, and fiber, and low in saturated fats, trans fats, cholesterol, sodium, and added sugars [46,47]. Previous studies have suggested that healthy nutrition behavior has the benefit of reducing the probability of metabolic abnormalities and preventing CVD [11,12]. Nevertheless, the relationships between healthy nutrition behavior and MRFs were not apparent when the present study was further classified by BMI. This study only found that nutrition behavior was associated with lower TG in the overweight subgroup and lower SBP in the obese subgroup. As for the underweight or ideal weight subgroup, healthy nutrition behavior did not show any significant relationship with the MRFs. The possible reason for this is that the global nutrition behavior score adopted in the present study might be different from the actual food consumption used in some other studies. The exact differences between these two measurements need to be evaluated in further studies.



Regular and effective exercise has shown a positive effect on weight control, blood glucose, blood lipids, and BP [22,24]. This study found differences in the effects of healthy exercise behavior on MRFs when stratified by BMI level. Our data showed that exercise behavior was associated with lower WC and TG as well as higher HDL-C, but higher SBP in the ideal weight subgroup. In particular, exercise had a salient effect on reducing WC for three subgroups (ideal weight, overweight, and obese). In addition, this effect showed a gradient trend in accordance with the level of BMI. It is known that physical activity can increase caloric expenditure. Energy consumption through long-term exercise is mainly due to free fatty acids being released from the decomposition of adipose tissue [48]. Therefore, extra energy is not stored as adipose tissue and contributes to a reduction in body fat mass and WC [24,49]. In general, the amount of adipose tissue is highest for obese individuals, followed by overweight individuals, and those of ideal weight. Therefore, the effect of exercise on a reduction in WC would be the most significant for obese individuals, followed by overweight individuals, and those of ideal weight. However, the obese workers needing to exercise more reported a lower level of exercise health behavior than those of ideal body weight or those who were overweight. The health-promoting strategy in the workplace therefore should be targeted to strengthen the exercise behavior of obese individuals.



In this study, exercise behavior was associated with increased HDL-C and decreased TG in the ideal weight subgroup and with increased HDL-C in the overweight subgroup. Several studies have confirmed that exercise can help individuals improve blood lipid levels and keep their cardiovascular system healthy [22,23,50]. Healthy exercise had a noticeable effect on blood lipids in the ideal weight subgroup, but the effect was not significant in the obese subgroup. This could be because obese individuals have a higher propensity toward highly sensitive C reactive protein (hsCRP, inflammation biomarker) compared to ideal weight individuals [51]. The higher level of inflammation may predict a higher risk of developing metabolic abnormalities including abnormal levels of blood lipids [52]. Exercise behavior could be insufficient for obese workers to improve their blood lipid levels. Obese workers may still need other methods such as anti-inflammatory drugs to ameliorate their blood lipids [29].



Healthy exercise behavior has the benefit of reducing BP whereas sedentary behaviors are linked to high blood pressure [53,54]. In general, exercise may cause BP to rise for a short time and drop back to normal when the exercise stops [55]. However, this study found that exercise was associated with raised SBP in the ideal weight and obese subgroups. The possible explanation for the raised SBP in the present study is that the spot-check measurement of BP did not reflect its long-term status even though efforts were made to achieve accuracy. Furthermore, in addition to nutrition and exercise behaviors, BP may be susceptible to many factors such as stress, smoking, some diseases, medication, and results from a complex interaction of genes and environmental factors [56,57]. Workers with higher BP should regularly check their BP and consult their physician for necessary treatment. In addition, further research that clarifies other possible reasons and mechanisms for the positive relationship between higher SBP and exercise behavior in ideal weight and obese subgroups is recommended. In terms of the relationship between healthy behaviors and MRF in the underweight subgroup, no statistically significant results were observed. Due to low free-fat mass and low fat mass, underweight individuals generally have a low basal metabolic rate (BMR) [58]. A low BMR can lead to low metabolic function and less fat reduction. This may be the reason for the insignificant effects of healthy behaviors on WC and other MRFs in the underweight subgroup. Nevertheless, underweight individuals have been found to be associated with a high risk of health-related problems such as osteoporosis, infection, and decreased immune function [59,60]. Therefore, the needs of workplace health promotion for underweight individuals should be targeted in different ways.



The present study showed that the relationships of exercise and nutrition behaviors on MRF varied for different levels of BMI. The findings in this study bring about some policy implications for employee health promotion. Workplace health promotion practitioners should consider the BMI levels of workers when nutrition and exercise behaviors are adopted as strategies with the aim of preventing MRFs. Although this study shed light on the relationships of nutrition and exercise behaviors on MRF classified by the level of BMI, this study had several limitations. First, it was a cross-sectional study and could not establish the causal direction among the research variables. Second, the assessments of the nutrition and exercise behaviors were highly dependent on the self-reported questionnaire. Therefore, biased results may have occurred when participants overestimated or underestimated their own health behaviors. Third, BMI can be applied to screen for weight categories and used as a predictor of fat-related health risk. However, BMI is not a strong predictor of body fat in participants who have normal BMI but high body fat. Therefore, combining BMI with other methods for assessing body fat in further research is recommended. Fourth, the participants’ physical work load, smoking, and alcohol consumption were not included in the measurement. However, these factors may confound the association between exercise and nutrition behaviors with MRFs. The results should therefore be interpreted with caution.




5. Conclusions


The relationships of health-associated nutrition and exercise behaviors on MRFs were not found to be the same for workers with different BMI levels. Exercise had a salient effect on reducing WC, and this effect showed a gradient trend for the BMI level. For ameliorating other metabolic risk factors besides WC, exercise seemed to have more obvious effects than nutrition behavior, especially in the ideal weight subgroup. Therefore, it is suggested that workplace health promotion personnel should develop relevant strategies to meet the needs of workers with different BMI levels.
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