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Abstract

:

Little is known about the association between dietary patterns and hyperglycemia incidence among Korean adults. Hence, we aimed to prospectively investigate the major dietary patterns associated with hyperglycemia among middle-aged and older Korean adults. In total, 55,457 adults (18,292 men and 37,165 women) aged 40 to 79 years, who were previously enrolled in the Health Examinee Study of the Korean Genome and Epidemiology Study and had no history of type 2 diabetes mellitus (T2DM) or cancer at baseline, were included. Dietary patterns were identified by a factor analysis based on dietary data, which were assessed at baseline using a validated food-frequency questionnaire. Participants were classified as having hyperglycemia if fasting blood glucose levels were ≥126 mg/dL or physician diagnosed T2DM during follow-up. Multivariable Cox proportional hazard models were used to examine the associations between each dietary pattern and future hyperglycemia risk after adjusting for potential confounders. After a mean follow-up of 4.9 years, 2574 new cases of hyperglycemia were identified. Using a factor analysis, four distinct dietary patterns were identified: “prudent;” “fatty fish, meat, and flour-based food;” “coffee and sweets;” and “whole grain (men)” or “white rice (women).” The “prudent” pattern was inversely associated with hyperglycemia risk only in women (hazard ratio [HR], 0.75; 95% confidence interval [CI], 0.63–0.89; p for trend = 0.0003). Conversely, women in the highest quintile of the “fatty fish, meat, and flour-based food” pattern showed an increased risk of hyperglycemia (HR, 1.22; 95% CI, 1.03–1.44; p for trend = 0.0210) compared with those in the lowest quintile. The “coffee and sweets” and “white rice” patterns were not associated with hyperglycemia risk in women. The dietary patterns observed in men had no associations with hyperglycemia incidence. Our findings suggest that a diet rich in vegetables, mushrooms, seaweeds, fruits, and soy products and low in fatty fish and high-fat meat may potentially play a protective role in T2DM development with sex differences in middle-aged and older Korean adults.
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1. Introduction


Type 2 diabetes mellitus (T2DM) is one of the most prevalent chronic diseases in Korea. According to the 2016 Korea National Health and Nutrition Examination Survey, the prevalence of T2DM reached 13% in Korean adults aged 30 years and older, and the prevalence has been increasing in both men and women for the last 10 years [1]. The age-specific prevalence of T2DM increased with age and reached the peak (27.3%) in adults aged ≥65 years [1]. Since the population across Korea is rapidly aging, the increasing economic burden from diabetes has become a high priority in public health in the country [2].



T2DM is a multifactorial disease; various factors such as diet, physical activity, lifestyle, and genetics are involved in its development [3]; in particular, a growing body of evidence indicated the importance of diet in the development of T2DM [4]. Many experimental and observational studies proposed that some foods and nutrients have protective or adverse effects on the T2DM risk [5,6]. However, people consume a variety of foods together rather than separately, and the nutrients in these foods interact with each other. Studying one food or nutrient cannot capture the synergistic or antagonistic effects of the interactions between nutrients. The dietary-patterning analysis, which has attracted considerable interest, is an alternative approach that may overcome the limitation of a single food or nutrient approach [7].



Some epidemiological studies conducted in Korean populations have pointed out that empirically-derived dietary patterns could be associated with blood glucose levels, although the results were not always consistent. Findings from previous studies conducted in Korean adults indicated that those who had a certain dietary pattern, characterized by a high intake of fruit and dairy products and a low intake of refined grains had a reduced risk of impaired fasting glucose [8,9]. Using the data from the Korea National Health and Nutrition Examination Survey, Shin et al. [10] identified two dietary patterns (the meat/fast food pattern and the traditional dietary pattern), but neither was associated with a prevalence of elevated blood glucose levels. However, previous investigations focused on the prediabetic stage as a component of the metabolic syndrome rather than diabetes. Moreover, even though literature have mentioned the differences in eating habits, food choices, and diet–disease associations between men and women [11,12], previous studies did not consider the difference in dietary patterns by sex. Little is known about the associations between dietary patterns and hyperglycemia incidence and whether these associations vary by sex. Therefore, prospective studies exploring major dietary patterns that can contribute to the development of hyperglycemia in both sexes are warranted. Thus, the present study aimed to identify the distinct dietary patterns and sex-specific associations with the future risk of developing hyperglycemia in middle-aged and older Korean adults.




2. Materials and Methods


2.1. Data Source and Study Population


We used the data from the Korean Genome and Epidemiology Study (KoGES), which is a large prospective cohort project that investigated the environmental and genetic factors affecting prevalent chronic diseases in the Korean population [13]. As part of the KoGES, the population-based Health Examinee (HEXA) study recruited 173,342 Korean men and women (40–79 years of age) who had visited hospitals and public health centers across the country for biennial health check-ups. Between 2004 and 2013, the baseline data of each participant (socio-demographic characteristics, past medical history, family history, dietary behaviors, and reproductive health (for women)) were obtained by interviewing participants using structured questionnaires. Health examination and blood and urine tests were carried out by trained examiners using standardized procedures and protocols. The current study used data from 65,624 participants, who completed the follow-up survey between 2012 and 2016 (Figure 1). Of them, participants with T2DM (n = 5546) or cancer (any type) (n = 2085) at baseline were excluded. We also excluded individuals who had no dietary data (n = 844) or reported implausible dietary intake (<500 kcal/day or >5000 kcal/day) (n = 208) and those who had missing information on covariates (n = 1484). After the above exclusions, 55,457 Korean adults (18,292 men and 37,165 women) were included in the final analyses.




2.2. Dietary Assessment


The usual dietary intake of the study participants was assessed using a 106-item semi-quantitative food-frequency questionnaire (FFQ), which was specially designed to assess dietary intakes of KoGES participants. The validity and reproducibility of the FFQ has been previously evaluated against four 3-day dietary records [14]. Interviewers asked the participants how often they had consumed each food and beverage item on the list during the previous year. Nine possible frequency responses were provided, ranging from “never/seldom” to “three or more times a day.” Three of the nine responses were related to the portion size of each food item: “small” (one half the standard portion size), “medium” (one standard portion size), and “large” (two standard portion sizes). The usual intake of 106 food and beverage items was converted to a daily intake based on the participants’ responses about consumption frequencies and amounts. The daily total energy and nutrient intakes were calculated from the CAN-Pro 2.0 nutrient database, developed by the Korean Nutrition Society. All food and beverage items consumed by participants were aggregated into 37 food groups according to the grouping schemes commonly used in the Korean nutrient database [15] and the previous studies [10,16,17] (Table 1).




2.3. Outcome Variable


The primary endpoint of this study was the incidence of hyperglycemia. New hyperglycemia cases were identified on the basis of fasting blood glucose levels and self-reported physician diagnosis. Participants who had fasting blood glucose levels of 126 mg/dL or higher in the follow-up examination or who had been diagnosed with T2DM during the follow-up period were categorized as incident cases. Participants who had been free of hyperglycemia at the date of the last follow-up were censored at that time. Person-years were calculated from the date of baseline examination until the date of last follow-up or the date of the examination with new-onset of hyperglycemia, whichever occurred first.




2.4. Statistical Analyses


Major dietary patterns were identified for men and women separately to consider sex differences in dietary effects on hyperglycemia pathology. We conducted a factor analysis based on the total amount of each food and beverage group using the principal component analysis method (FACTOR procedure in SAS). To achieve a simpler structure and better interpretability, factor rotation (varimax) was applied. Four dietary patterns (factors) were retained based on the eigenvalue (≥1.6), scree test results, and interpretability of each factor for men and women, separately. Food groups with factor loading values ≥|0.30| were defined as important contributors to each dietary pattern and were used to characterize each pattern. The median and range values of factor scores by each dietary pattern quintile are listed in Supplementary Table S1. Major dietary patterns derived by factor analysis were relatively identical between men and women, except for the fourth pattern (“whole grain” pattern in men and “white rice” pattern in women). The factor score for each dietary pattern was calculated by summing the intake of each food group and multiplying that number by the corresponding factor loadings. A higher factor score indicated a higher level of adherence to a certain dietary pattern. Study participants were classified into quintiles according to the factor score of each dietary pattern for further analyses.



The baseline characteristics and nutrient intake of participants across the quintiles of dietary patterns were assessed using the multiple linear regression for continuous variables and the Mantel–Haenszel chi-square test for categorical variables. Continuous variables were expressed as means ± standard deviations, while categorical variables were expressed as frequencies (percentages). We used multivariable Cox proportional hazard models to estimate hazard ratios and 95% confidence intervals, with the lowest quintile as the reference. The following covariates were included: age (years), education (≤elementary school, middle school, high school, or ≥college), smoking habits (never, past, or current), total alcohol intake (g/day), regular physical activity (yes or no), family history of diabetes (yes or no), study site, body mass index (kg/m2), fasting blood glucose level (mg/dL), and total energy intake (kcal/day) at the baseline examination. Linear trends across the quintiles of each dietary pattern were tested. All statistical analyses were performed using the SAS software (version 9.4; SAS Institute, Inc., Cary, NC, USA). A two-sided p-value of less than 0.05 was considered significant.





3. Results


The factor analysis identified four major dietary patterns according to sex. The factor loadings for each dietary pattern are shown in Table 1. The pattern labelled as “prudent” was characterized by high consumption of vegetables, mushrooms, seaweeds, fruits, soy products, and milk. The “fatty fish, meat, and flour-based food” pattern was characterized by high intake of fatty fish, high-fat red meat, poultry, bread, noodles/dumplings, pizza/hamburger, and carbonated beverages. The “coffee and sweets” pattern was characterized by high intakes of coffee, sweets, and oils/fats. Lastly, the “whole grain” pattern, which was characterized by extremely high consumption of whole grain, was identified in men, and the “white rice” pattern, which was characterized by a very high intake of white rice with a very low intake of whole grain, was observed in women.



The baseline characteristics of study participants across quintiles of the dietary pattern scores are described in Table 2 and Table 3. Participants adhering to the “prudent” pattern were more likely to be older in age and have a higher education level. They also tended to maintain healthy behaviors, such as doing regular exercise. On the contrary, individuals with a higher factor score for the “fatty fish, meat, and flour-based food” pattern were younger, tended to smoke more, consumed more alcohol, and exercised less regularly. Participants adhering the “coffee and sweets” pattern were younger and less physically active, and tended to be current smokers both in men and women. Men in the highest quintile of the “whole grain” pattern were more likely to be younger and have higher levels of education and physical activity, but were less likely to be current smokers and consume alcohols. Women who had high scores for the “white rice” pattern were more likely to be current smokers and drink alcohol, and less likely to have a higher education level and perform regular exercise.



Nutrient intakes across the quintiles of each dietary pattern score are shown in Table 4 and Table 5. Total energy intake increased with higher factor scores for all dietary patterns, excluding the “white rice” pattern, derived in this study. However, we found there were differences in trends of energy and nutrient intakes among the various dietary patterns. In both men and women, individuals in the highest quintile of the “prudent” pattern acquired less energy from carbohydrates but more energy from protein and fat, and had higher intake of all other nutrients compared with those in the lowest quintile. On the contrary, men and women with the higher “fatty fish, meat, and flour-based food” pattern scores showed negative associations with intake of most nutrients, except for protein and fat. Individuals in the highest quintile of the “coffee and sweets” pattern had lower intakes of carbohydrates, protein, phosphorus, iron, vitamin A, carotene, folate, and dietary fiber, but they had higher intakes of fat, sodium, and potassium regardless of sex. Men having the “whole grain” pattern showed higher intakes of calcium, phosphorus, iron, vitamin C, folate, and dietary fiber, but lower intakes of protein, sodium, vitamin A, and carotene.



During the average follow-up of 4.9 years, we identified 2574 (4.6%) new cases of hyperglycemia. Table 6 shows the associations of major dietary patterns with the risk of hyperglycemia development. The “prudent” and “fatty fish, meat, and flour-based food” patterns were significantly associated with hyperglycemia incidence in women. Compared with women in the lowest quintile of the “prudent” pattern, those in the highest quintile were less likely to develop hyperglycemia (hazard ratio [HR], 0.75; 95% confidence interval [CI], 0.63–0.89; p for trend = 0.0003) after adjusting for age, education, smoking status, alcohol intake, physical activity, family history of diabetes, study site, body mass index, fasting blood glucose levels, and total energy intake at baseline. In the age-adjusted model, women who had the “fatty fish, meat, and flour-based food” pattern had a higher incidence of hyperglycemia (HR for fifth vs. first quintile, 1.39; 95% CI, 1.17–1.65; p for trend = 0.0002) than those who did not adhere this dietary pattern. These associations became attenuated but remained significant when all covariates were included in the model (HR for fifth vs. first quintile, 1.22; 95% CI, 1.03–1.44; p for trend = 0.0210). Other two dietary patterns, the “coffee and sweets” and “white rice” patterns, showed no significant associations with a risk of developing hyperglycemia for women. None of the dietary patterns identified in men were associated with an increased or decreased risk of hyperglycemia development.




4. Discussion


In this large-scale, population-based cohort study, we investigated the major dietary patterns and their prospective associations with hyperglycemia risk among middle-aged and older Korean adults. Based on the results of our factor analysis, we identified three similar dietary patterns for both Korean men and women: “prudent;” “fatty fish, meat, and flour-based food;” and “coffee and sweets” patterns. Other sex-specific dietary patterns were the “whole grain” pattern for men and the “white rice” pattern for women. Women adhering to the “prudent” pattern had a 25% lower risk of hyperglycemia incidence, whereas those adhering to the “fatty fish, meat, and flour-based food” pattern had a 22% higher risk of developing hyperglycemia. However, these significant associations were not found in men. Other two dietary patterns were not prospectively associated with hyperglycemia risk either in men or women.



In this study, individuals who had the “prudent” pattern consumed more green and yellow vegetables, light-colored vegetables, seaweeds, mushrooms, fruits, legumes and soy products, bone fish, and milk than those who did not adhere to this dietary pattern. The “prudent” pattern derived in this study had components similar to those of the “prudent” or “healthy” pattern, which was characterized by high intake of vegetables, fruits, soy products, and dairy products, from several European [18] and Asian [19,20] studies. Similar to our findings, these prospective studies suggested the inverse relationships between the “prudent” or “healthy” dietary pattern and T2DM incidence. The present results were further supported by literature indicating that the major food components of the “prudent” pattern have been associated with a reduced risk of T2DM, even though a single food and nutrient approach still has potential limitations. Consumption of vegetables and fruits was significantly associated with a decreased incidence of T2DM in various populations [21,22]. The high content of dietary fiber and potassium in vegetables and fruits is beneficial in lowering the future risk of T2DM [23,24]. Seaweed consumption was inversely associated with a risk of T2DM in nationally representative samples of Korean adults [25]. A randomized controlled trial has also reported that T2DM patients using seaweed supplementation had favorably low blood glucose levels relative to a control group [26]. Furthermore, a recent meta-analysis demonstrated that milk and yogurt, the key components of the “prudent” pattern, may have a protective effect on the incidence of T2DM [27].



We found that the “fatty fish, meat, and flour-based food” pattern, characterized mainly by fatty fish, high-fat red meat, processed meats, bread, and noodles/dumplings, was positively associated with the increased risk of hyperglycemia development. These findings were in line with the other observations indicating that the “Western” dietary patterns were associated with T2DM incidence [28,29,30]. The key foods included in the “fatty fish, meat, and flour-based food” pattern were comparable to the major constituents of the “Western” dietary pattern defined in previous studies, and dietary constituents such as fatty fish and red and processed meats may be partially responsible for the negative effects on T2DM development. The health benefits and risks of fish consumption are still being debated [31]. Consumption of fish, as a great source of omega-3 fatty acids, has beneficial effects on lipid profiles and cardiovascular health [32,33]. On the contrary, fatty fish is a major source of exposure to persistent organic pollutants (POPs), which act as potential endocrine disruptors [34]. In previous cross-sectional studies, exposure to POPs is significantly associated with higher risk of insulin resistance [35] and T2DM [36]. This finding implies that increased exposure to POPs due to high consumption of fatty fish may lead to a higher risk of future hyperglycemia and T2DM. Our findings were also consistent, to some extent, with the results of previous epidemiological studies, which reported the detrimental effects of red meat consumption. According to the findings from the Nurses’ Health Study by Fung et al., both red meat (relative risk [RR] for Q5 vs. Q1, 1.22 [1.05–1.41]; p for trend = 0.03) and processed meat (RR for Q5 vs. Q1, 1.48 [1.27–1.73], p for trend <0.001), which are major contributors to the Western pattern, were found to be positively associated with the T2DM incidence [28]. A recent prospective study using the three large prospective cohorts of adults in the United States reported that all red meats and their subtypes (unprocessed and processed) increased the risk of developing T2DM [6].



We found sex-specific associations between dietary patterns and future hyperglycemia risks. Although the exact biological mechanisms for this remain unclear, sex differences might be partly explained by the following potential reasons. First, there are sex differences in dietary intakes and behaviors [37,38], and these differences may differentially influence the diet-mediated pathology of T2DM. In a previous study conducted in 27,585 Japanese adults, women who consumed soft drinks almost every day had a greater risk of 5- and 10-year incident T2DM than non-consumers, but such association was not reported in men [12]. Another study from the Western population also reported significantly inverse association of fruit and vegetable consumption with T2DM risk only in women, while they did not find any association in men [39]. Second, sex-specific relations between dietary patterns and hyperglycemia risk might be explained by endogenous sex hormones. Lower levels of testosterone in men and higher levels of testosterone in women increased the risk of T2DM incidence [40,41], and estradiol levels were significantly associated with the risk of T2DM in women, but not in men [42,43]. Third, sex differences in gene expressions related to the pathology of T2DM could be responsible for the heterogeneous associations by sex. According to a recent genome-wide association meta-analysis, there was sexual dimorphism in gene expression in tissues related to insulin resistance, which might trigger the development of T2DM [44]. Findings from the present study highlight the importance of considering the differential effects of sex on progression of T2DM. Changing dietary pattern should be considered as high-priority for hyperglycemia and T2DM prevention especially for women in which other modifiable risk factors such as smoking and heavy drinking is not common. For women, changing from a diet that is rich in meat, fatty fish, and bread to one that is plentiful in vegetables, mushrooms, and seaweeds might be beneficial in preventing future T2DM, which is in line with current dietary recommendations [15].



The present study has some limitations. First, the factor analysis conducted in this study to ascertain dietary patterns has a well-known weakness of arbitrary decisions involved at each step such as aggregating food items into food groups, choosing the number of factors to retain and the rotation method, and labelling the derived dietary patterns. To overcome this issue, we aggregated food items into food groups based on their nutritional profiles and culinary uses considered in the previous studies [10,16,17] and determined the number of factors to retain based on the eigenvalue, scree test results, and interpretability of each dietary pattern. We also applied orthogonal rotation (varimax options) to ensures better interpretability and orthogonality of the matrix of factor loadings [30] and labelled the dietary patterns based on food groups which were the most positively loaded on each factor and the name of patterns identified in previous studies [18,29]. Furthermore, the usefulness of dietary pattern analysis in diet-disease association studies has been well documented, and results of previous studies investigating the relationships between dietary patterns and T2DM align with the current knowledge [45,46]. Second, the foods listed on the FFQ were determined in advance and might not fully capture individual variability [47]. However, since the FFQ used in the KoGES study was developed based on the foods frequently consumed by representative samples of Korean adults aged 40–69 years, it may efficiently cover the dietary intakes of our study participants of the same age group. Moreover, the FFQ used in this study was previously validated to reflect a usual dietary intake and was well correlated with various biomarkers and diseases in previous studies [48,49]. Third, we used the dietary data from a single measurement of the FFQ at the baseline examination. Although individual’s dietary behaviors and food intake could change over time, dietary patterns derived at a population level are stable and reproducible over time [50,51].



Despite the limitations mentioned above, this study is the first to prospectively investigate the sex-specific associations between dietary patterns and hyperglycemia risk among Korean adults. Several strengths of the present study included the use of a considerably large population-based cohort and dietary data measured by a validated FFQ, and adjustments for multiple covariates related to dietary intake and hyperglycemia. Although the KoGES-HEXA data used in the current study may not be representative of entire Korean populations, we targeted a number of adults living in urban cities who had health examination at medical centers in all over the country. Furthermore, our analytic models included baseline fasting glucose level, which is a strong predictor for T2DM [52], but have not been taken into account in previous prospective studies investigating dietary patterns associated with T2DM.




5. Conclusions


In conclusion, this prospective cohort study identified sex-specific dietary patterns that were significantly associated with a risk of hyperglycemia among middle-aged and older Korean adults. Results from this study indicated that in women, the “prudent” pattern, which included high intake of vegetables, mushrooms, seaweeds, fruits, and soy products, may potentially play a protective role against hyperglycemia development, whereas the “fatty fish, meat, and flour-based food” pattern is associated with an increased incidence of hyperglycemia. Our findings were based on the overall dietary patterns rather than individual foods or nutrients. The findings of this study might provide useful information for guiding food choices and dietary intake to prevent T2DM through nutritional education and intervention, especially for middle-aged and older Korean women.
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Figure 1. Flowchart of study population selection. 
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Table 1. Factor loadings for the major dietary patterns identified according to a factor analysis a.
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