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Abstract

:

This study aimed to examine the association between the incidence of type 2 diabetes and various risk factors including dietary patterns based on the rigorous proportional hazards assumption tests. Data for 3335 female subjects aged 40–69 years from the Korea Genome and Epidemiology Study were used. The assumption of proportional hazards was tested using the scaled Schoenfeld test. The stratified Cox regression was used to adjust the nonproportionality of diabetic risk factors, and the regression was adjusted for potential confounding variables, such as age, marital status, physical activity, drinking, smoking, BMI, etc. Metabolic syndrome and meat and fish pattern variables were positively associated with diabetes. However, dietary patterns and metabolic syndrome variables violated the proportional hazards assumption; therefore, the stratified Cox regression with the interaction terms was applied to adjust the nonproportionality and to allow the possible different parameters over each stratum. The highest quartile of meat and fish pattern was associated with diabetes only in subjects aged over 60 years. Moreover, subjects who were obese and had metabolic syndrome had higher risk in bread and snacks (HR: 1.85; 95% CI: 1.00–3.40) and meat and fish pattern (HR: 1.82; 95% CI: 1.01–3.26), respectively. In conclusion, a quantitative proportional hazards assumption test should always be conducted before the use of Cox regression because nonproportionality of risk factors could induce limited effect on diabetes incidence.
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1. Introduction


Diabetes is a chronic disease that has serious health consequences such as heart attack, stroke, loss of sight, and renal failure. The prevalence of diabetes is growing faster than ever worldwide and is growing faster in low- and middle-income countries than in high income countries [1]. Zhang et al. [2] estimated that 12% of global health expenditures would have been spent on diabetes in 2010 and these expenditures are expected to grow to USD 490 billion by 2030.



Due to the medical and economic significance, the associations between diabetes and various risk factors have been widely examined; the risk factors include diet, obesity, metabolic syndrome (MS), drinking, family history, etc. Among these risk factors, a large number of studies have assessed the relationship between diet and type 2 diabetes (T2D) using dietary patterns (DPs), because DPs reflect characteristics of the overall diet of individuals [3]. In a meta-analysis of fifteen cohort studies, higher adherence to healthy DP, such as high intake of whole grains, fruits, vegetables, and low-fat dairy, was significantly associated with a 21% reduced risk of T2D when compared to lower adherence to healthy DP [3].



The primary workhorse of many cohort studies has been the Cox proportional hazards (PH) regression model. Even though this regression model is readily available in statistical packages, such as SAS, STATA, and R., it specifically requires that the underlying hazard functions for any levels of independent variable be proportional over the entire observation period [4]. If this assumption is not met, then the parameters being estimated by the Cox regression model may not be meaningful at all [5]. According to authors’ analysis on the frequency of implementation of the proportionality test, using the references from a meta-analysis done by Jannasch et al. [6], which reviewed only prospective studies to examine the association between DP and T2D, few studies implemented the proportionality test of the hazard. Among the 11 papers extracted for a meta-analysis, only two papers done by de Koning et al. [7] and Otto et al. [8] actually implemented the proportionality test. Even though the assumption of proportionality is a prerequisite for using Cox proportional regression, the test of proportionality is not carried out in many studies before the use of the regression.



Thus, the aim of this study is to examine the association between incident T2D and various risk factors including DP, after rigorous proportionality tests using Korean prospective cohort data. The reason we pay attention to the Korean diabetes issue is that Asians are more susceptible to diabetes at a given body mass index (BMI) [9], and Asian studies are needed due to the ethnic disparity despite plentiful study in this area [10,11]. Particularly in Korea, the diabetes problem has deteriorated. According to Korean Diabetes Association [12], prevalence of diabetes was 12.4% in 2011 and increased to 14.4% in 2016 among aged 30 or over. The prevalence of men was 14.5% and that of women was 10.4% in 2011, and the prevalence of men was 15.8% and that of women was 13.0% in 2016. The difference of prevalence between men and women was 4.1% point in 2011 and 2.8% in 2016, indicating that the prevalence of women rapidly increased [12]. In addition, it has been observed that unhealthy dietary patterns, such as ‘Bread and Meat and Alcohol’ pattern was associated with high cholesterol levels among Korean adults with diabetes [13]. We also look for potential interaction effects among diabetic risk factors because omitting significant interaction terms causes bias in parameter estimation statistically, and a significant interaction between predictors could lead to particular public health implications from an epidemiologic perspective [14].




2. Materials and Methods


2.1. Study Population


We used data of subjects from Korea Genome and Epidemiology Study (KoGES). KoGES is a consortium of six prospective cohort studies to investigate dietary, lifestyle, genetic, and environmental determinants associated with non-communicable chronic diseases such as obesity, cardiovascular diseases, hypertension, hyperlipidemia, and T2D and their association among Koreans. This study used data of a community-based cohort study, the Ansan and Ansung study among the six cohorts. Ansan and Ansung are average urban and rural regions in Korea, respectively. Detailed information of the study is described in a previous study [15]. The KoGES Ansan and Ansung study, a large population-based study, recruited Korean adults who were aged 40 to 69 at baseline from 2001 to 2002. The survey consists of socio-demographic, lifestyle, and health questionnaires, dietary interview, and anthropometric and clinical measurements and a follow-up survey has been conducted biennially up to the seventh follow-up. This study was exempt from review by the Institutional Review Board at the Korean National Institute for Bioethics Policy (IRB exemption number: P01-201702-21-004).



Among 10030 subjects at baseline, those who had T2D or did not have information on T2D at baseline (n = 1253); who did not participate in the follow-up surveys (n = 843); who were diagnosed with or having treatment or medication for hypertension, hyperlipidemia, and cardiovascular diseases (n = 1316); who did not have dietary data (n = 206); and who had implausible energy intake (<500 or >5000 kcal/day, n = 60) were excluded. Among these subjects, we only included data for 3335 female subjects for the analysis based on the evidence that women with diabetes are more susceptible to the incidence of other chronic diseases, such as heart failure, than men in Korean population [16].




2.2. Dietary Assessment


Dietary intake data were collected by validated semiquantitative food frequency questionnaire (FFQ) [17] at baseline and the second follow-up interview by trained staff. The FFQ consisted of 103 food items and was classified into nine categories of frequency: never or rarely, once a month, 2–3 times a month, 1–2 times a week, 3–4 times a week, 5–6 times a week, once a day, 2 times a day, and 3 times a day. The options for portion size were 1/2 serving, 1 serving (standard), and ≥2 servings. The amount of food intake a day was calculated by multiplying the food intake frequency and the food intake at a time. The FFQ survey was conducted only twice, at baseline and second follow-up. We used the data at baseline for subjects who acquired T2D or who were censored up to the first follow-up, and the data at the second follow-up for subjects who acquired T2D or who were censored after the second follow-up.




2.3. Outcome Ascertainment


The primary outcome was a diagnosis of T2D. The subjects were diagnosed with diabetes if any one of the following criteria based on the health questionnaire answers and blood test results were satisfied: (1) self-reported diabetes diagnosed by a physician; (2) receiving medication for diabetes or insulin for more than three months; and (3) fasting glucose level ≥126 mg/mL or 2 h after glucose load ≥200 mg/dL (oral glucose tolerance test result).




2.4. Othe Covariates


Socio-demographic, life-style, and health-related factors were used as covariates. For socio-demographic factors, age, marital status, household income, and education were included. Age was divided into 3 categories: 40–49 years, 50–59 years, and ≥60 years at baseline. Marital status was divided into 2 categories: lives with a spouse and single including unmarried, separated, divorced, and widowed status. Household income was divided into 2 categories: high income (≥840 dollar/month) and low income (<840 dollar/month). Education was divided into 2 categories: below high school graduate and high school graduate or above. For life-style and health-related factors, physical activity, drinking, family history of T2D, MS, and BMI were included. Physical activity was obtained from the answer to the question “How long do you do vigorous exercise a day?” and categorized into 2 groups: <30 minutes/day and ≥30 minutes/day. Likewise, MS was categorized into 2 groups, ‘≥3 factors satisfied’ (yes) and ‘<3 factors satisfied’ (no), and diagnosed with the following definitions of five components: (1) waist circumference ≥85 cm for women; (2) SBP ≥130 mmHg or DBP ≥85 mmHg; (3) TG levels ≥150 mg/dL; (4) HDL cholesterol levels <50 mg/dL for women; and (5) fasting plasma glucose levels ≥100 mg/dL. The definition was based on the National Cholesterol Education Program Adult Treatment Panel Ⅲ [18] and the standard of waist circumference was based on the standard reference for Koreans [19].




2.5. Statistical Methods


All statistical analyses were conducted across the quartiles of each DP score using STATA S/E 15.0 (StataCorp, College Station, TX, USA). The comparisons of general characteristics of subjects at baseline were assessed by the chi-square test for categorical variables and one-way ANOVA for continuous variables. Multivariate adjusted Cox PH regression models were used to assess hazard ratios (HRs) and 95% confidence intervals (95% CIs) of incident T2D. All health-related, life-style, socio-demographic, and dietary variables including DP score and calorie intake were included in the modelsDPs were derived from principal-component factor analysis by using the intake of food weight by 32 predetermined food groups. We categorized 103 food items into 32 food groups based on nutritional characteristics and similarities in ingredients for factor analysis. The 32 food groups we categorized are shown in Table 1. To achieve a simpler structure and to enhance the interpretability of factors, an orthogonal varimax rotation was implemented. We identified three factors to be retained for DPs of subjects based on a Scree plot, the eigenvalue (>1.75), and interpretability of factors. The name of the dietary pattern was determined by the food groups having an absolute factor loading more than 0.3.



Cox PH regression models assume that the HR is constant over time; therefore, it is very important to evaluate the validity of the assumption. The rigorous statistical method of evaluating the proportionality assumption is to test nonzero slope in a generalized linear regression of the scaled Schoenfeld residuals on time [20]. The scaled Schoenfeld residuals test was used to test the null hypothesis of zero slope, and the rejection of the null hypothesis indicates the violation of the PH assumption [21]. The scaled Schoenfeld residuals tests identified that MS status and DP variables violated the proportionality assumption of Cox regression.



To handle the nonproportionality problem for the MS and DP variables, stratified Cox regression was used [22]. The Cox regression stratified by the categories of MS (2 categories) and DP variables (4 categories), total of 8 strata, was estimated. This stratified Cox regression assumes the same parameter estimates for the 8 strata; therefore, this should be tested. To test the equal parameters over all 8 strata, we allowed interaction terms between covariates with PH and categories of covariates with nonproportional hazard (NPH) excluding the reference category in the Cox regression. The maximum number of the interaction terms is 77 terms; the number of binary variables identifying 8 strata, 7; times the number of proportional covariates, 11. Among these 77 interaction terms, we excluded the 33 interaction terms multiplying three discrete variables; for example, MS × Q2 (the second quartile of each dietary pattern) × age ≥60 years, because they have very similar values and cause the multicollinearity problems in estimation.





3. Results


3.1. Classification of Dietary Patterns


Three DPs were identified: bread and snacks, meat and fish, and Korean traditional patterns. The detailed description of food groups and the factor loading scores of the DPs in this study are shown in Table 1. These three DPs explained 29.8% of the total variation in food intake.




3.2. Characteristics of Study Subjects


General characteristics of the study subjects at baseline are shown in Table 2. The subjects in the highest quartile of the bread and snacks pattern group were more likely to be younger, to live with a spouse, to have higher income and higher education levels, and to drink whereas these individuals were less likely to be physically active. In the meat and fish pattern, the highest quartile group was more likely to have higher income and higher education levels. In addition, this group was less likely to be physically active, to have family members who were diagnosed with T2D. Finally, the highest quartile group of the Korean traditional pattern was likely to be younger, to have lower income and lower education levels, and less likely to be physically active, and to drink. Among health-related factors, the highest quartile group of the Korean traditional pattern was more likely to be obese and to have MS. Energy and major nutrient intakes were significantly different by the quartiles of each DP.




3.3. Proportionality of Risk Factors


Three Cox regression models for each DP were estimated with identical diabetic risk factors under the assumption of PH. Table 3 shows the Cox regression estimates for the three DPs under the assumption of PH. Compared to the reference groups in the all DPs, subjects who were in their 50s and who had family history of T2D, MS, or obesity showed significantly increased risk of T2D. In addition, the risk of T2D in the highest quartile of meat and fish pattern was 72% higher than that in the lowest quartile group (HR: 1.72; 95% CI: 1.28–2.32).



Our results look similar to those of previous studies in that age, family history of T2D, MS, and obesity are the significant risk factors of incidental diabetes. In addition, the DP variables show mixed results in that bread and snacks and Korean traditional patterns do not have a significant effect on the incidence of diabetes, while the meat and fish pattern has a significant positive effect. However, since the Cox regression was estimated under the assumption of proportionality, the parameters estimated can be meaningless if the assumption is not met. Therefore, a rigorous test of proportionality, the scaled Schoenfeld test, is required.



Table 4 shows the scaled Schoenfeld test result for each predictor variable. Significant p-values represent the rejection of the null hypothesis of PH for the specific predictor variables. According to the scaled Schoenfeld tests of proportionality, MS, the highest quartile group of the bread and snacks DP, and the third and highest quartile groups of meat and fish and Korean traditional DP variables were suspicious of NPH. Therefore, the stratified Cox regression was employed to adjust the two predictors, MS and DP, which did not satisfy the proportionality assumption.




3.4. Stratified Cox Regression with Interactions between Risk Factors


We reported the stratified Cox regression result for meat and fish pattern only in Table 5, since results for other dietary patterns were very similar and we were able to present the significance of our result.



The parameter estimates from the stratified Cox model with interaction terms allowing different parameter estimates are shown in Table 5. We further investigated to look for the significant interaction terms because the parameters estimated from the misspecified models without interaction terms are biased [14]. We found the significant interaction effects between age variable (Age ≥ 60 years) and the highest quartile of meat and fish dietary pattern (Q4) (HR: 2.86; 95% CI: 1.12–7.33) and between obesity (BMI ≥ 25) and MS in stratified Cox model with meat and fish (HR: 1.82; 95% CI: 1.01–3.26) patterns. From these results, we were able to obtain different epidemiological implications from the general Cox regression results: (1) high meat and fish pattern score increases the risk of T2D to the subjects in their 60s; (2) MS variable raises risk of T2D only to obese subjects.





4. Discussion


This study has examined the proportionality of risk factors for the incidence of T2D with the rigorous quantitative test of PH assumption and observed that nonproportionality of risk factors for T2D was identified using the data of Korean women aged 40–69 who participated in the KoGES study. The proportionality assumptions for MS and DP variables were violated for the incidence of T2D while age, marital status, household income, education, physical activity, drinking, family history of T2D, BMI, and energy intake are proportional to the incidence of T2D. To adjust for the nonproportionality of MS and DP, we stratified our analysis on these variables and allowed some interaction terms. As a result, positive and interactive associations of DP score and age over 60 years, and MS and obesity with the incidence of T2D were found. The subjects in their 60s and the highest quartile of meat and fish pattern had almost threefold higher risk of T2D, and obese subjects with MS had a higher risk in the stratified Cox model with meat and fish patterns. DPs are associated with diabetes; however, our findings suggest that DP is a risk factor for the incidence of diabetes only through interactive effects with age.



A meta-analysis has revealed that unhealthy diets comprising processed meat, refined grains, and fried products were associated with a higher risk of diabetes [6]. In addition, a meat DP including high consumption of red meat, red meat byproducts, high-fat red meat, and other seafood increased the risk of MS in a Korean study [23]. In a Singapore and Chinese adult study, a dim sum and meat-rich pattern increased the risk of T2D in never-smoker groups [24]. Our finding that the meat and fish pattern is associated with the incidence of T2D is consistent with the above studies. Moreover, a Korean traditional pattern, deemed to be a healthy diet in obesity, did not have any interactive effect on the incidence of T2D. This finding also confirmed that a healthy DP did not have protective effect on type 2 diabetes [25,26,27]. Lorenzo, et al. [28] had found that obesity worsens the risk of diabetes with MS, and this finding is also equivalent to our finding that interaction effect between obesity and MS raises the risk of incidence of T2D.



The striking difference of the present study is that meat and fish pattern is a nonproportional hazard and this led to the different epidemiological implication: high meat and fish pattern score is a significant hazard only to the subjects aged 60 or over. We can conjecture the reason behind this finding: unhealthy dietary patterns are linked not only to obesity but to the unhealthy life style, such as smoking, drinking, sedentary lifestyle, etc., and these risk factors increase the accumulation of inflammation and oxidative stress in the body over lifetime span [29,30]. Especially, evidence regarding relationship between meat consumption and inflammation and oxidative stress is accumulating [31,32]. Of course, it was documented that inflammation and oxidative stress in the adipose tissue increase angiotensinogen production and this led to elevated blood pressure and reduced insulin metabolic signaling [33].



This study has a few limitations. First, we only examined the association among women in this study due to the rapid increase in prevalence of diabetes in women. Further study is required to assess the association between diabetes incidence and its risk factors with rigorous proportionality tests among both sexes. Second, using FFQ could result in low accuracy and potential recall bias due to a closed-ended questionnaire and limited options for frequency and portion size, even though FFQ is the most suitable dietary assessment method for prospective studies [34]. However, the FFQ used in KoGES has already been validated for the survey [17], and the association between diet and diabetes has been widely examined through several studies from dietary data of KoGES [35,36]. Third, even though this study followed up the incidence of diabetes for 14 years, dietary intake data used in this study were only obtained at the baseline and the second follow-up. This might not have exactly linked DPs and the incidence of diabetes. Despite these limitations, we examined the PH assumption for diabetes risk factors, identified the NPH issues among risk factors, and made adjustments for the violation of PH assumption. To our knowledge, this is the first study which tests the proportionality assumption of covariates and actually reports the nonproportionality of DP risk in a large, population-based Korean cohort study.



In conclusion, when the PH assumption is violated, the usual HR is not correct [37]; therefore, adjustment should be made. As we allowed interaction terms in a multivariable Cox regression model, we found not only significance of interaction terms but also specific interaction effects between PH and NPH variables. The existences of some significant interaction terms between PH and NPH variables mean that the different HRs for PH variables should be reported for each NPH stratum. Since there is no guarantee that this assumption will hold, especially in a large prospective study, this should be checked and fixed if the issues are present. Moreover, further cohort studies are warranted to confirm our results.
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Table 1. Food groups and items from semiquantitative FFQ for dietary patterns and rotated factor loadings a of the identified three dietary patterns.
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