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Abstract

:

Nephropathy caused by diabetes mellitus (DM) is the main cause of end-stage renal disease (ESRD). To understand the association of dietary intake with renal function indicators among patients with diabetic nephropathy (DN), this cross-sectional study was conducted at the dietetic consultation clinic of the Taoyuan Armed Forces General Hospital in Taiwan. In total, 317 participants were recruited for this study. Patients with diabetes who had a urinary albumin–creatinine ratio (UACR) of ≥30 mg/g were defined as having DN. The anthropometric characteristics, blood biochemistry, and renal function of the participants were assessed. Furthermore, a semiquantitative food frequency questionnaire (SQFFQ) was administered to investigate the dietary intake of the participants in the DM and DN groups. The result showed that participants in the DN group were older, had longer diabetes duration and poorer glycemic control and renal function than those in the DM group. Logistic regression models revealed that intake of high-fat marine fishes had the lowest odds ratio (OR) for DN risk compared with other fishes (OR: 0.868; 95% CI: 0.781–0.965, p = 0.009). Shellfish, soybean products, and skim milk also provided better protective effects to decrease the risk of DN. A further analysis of polyunsaturated fatty acids revealed that Σn-3 PUFAs significantly reduced DN risk, while Σn-6 PUFAs did not, especially EPA (OR: 0.821; 95% CI: 0.688–0.979, p = 0.029) and DHA (OR: 0.903; 95% CI: 0.823–0.992, p = 0.033) regardless of whether the variables were adjusted, including diabetes duration, age, and HbA1c. Our findings suggest that a diet that incorporates high-fat fish, shellfish, soybean products, and a lower Σn-6/Σn-3 ratio can mitigate DN risk.
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1. Introduction


The prevalence of diabetes mellitus (DM) is rising annually. The 10th edition of the International Diabetes Federation Diabetes Atlas estimated that the proportion of patients with DM worldwide, which was 10.5% (536.6 million people) in 2021, will rise to 12.2% (783.2 million people) by 2045; this is equivalent to a 46% rising in the DM population [1]. Diabetic kidney disease (DKD) and diabetic nephropathy (DN) are the most common causes of chronic kidney disease (CKD) and the leading cause of end-stage renal disease (ESRD) in the United States and most developed countries, and 30–40% of patients with DM develop DN [2,3]. The clinical symptoms of DN include an abnormal urinary albumin excretion level, which is defined as microalbuminuria or albuminuria (i.e., spot urine albumin–creatinine ratio (UACR) ≥ 30 mg/g, or ≥300 mg/g, respectively) and is used as a diagnostic threshold for assessing renal damage [4,5]. Epidemiologic studies have suggested that patients with both ESRD and DM are at an increased risk of cardiovascular diseases and have higher mortality than those with only DM [6,7].



The incidence of renal dialysis in Taiwan increased from 10,177 in 2010 to 10,663 in 2014. Among patients, the most common comorbidities were hypertension, diabetes, and cardiovascular disease, and their prevalence rates were 89.2%, 62.5%, and 52.5%, respectively [8]. Furthermore, the 2015 annual report of the United States Renal Data System showed that among various countries, the highest incidences of treated ESRD were reported by Taiwan, Mexico, and the United States (458, 421, and 363 per million population, respectively) [9]. Undoubtedly, Taiwan had the world’s highest incidence and prevalence of ESRD in 2018. Hyperglycemia, hypertension, and hereditary factors are the main risk factors for developing DN. In addition, glomerular hyperfiltration, proteinuria level, smoking, and the quality and quantity of the protein and fat in a diet are also crucial factors that influence the development of DN [10].



Optimizing diet and nutrition is an important and modifiable factor that may prevent or delay the development of DN. Specifically, such patients should avoid the excessive consumption of carbohydrate- and protein-rich foods while favoring the inclusion of essential fats in their diets [11]. Although the long-term excessive consumption of fat contributes to body fat accumulation and obesity, which increases the risk of type 2 diabetes (T2DM) and cardiovascular diseases (CVDs), numerous studies have suggested that patients with CKD should consume high-fat diets with enough calories to compensate for caloric losses due to decreased protein intake. However, these patients should consume the appropriate types and amounts of fat to prevent fat accumulation in the body [12,13]. The National Kidney Foundation–Kidney Disease Outcomes Quality Initiative guidelines were published in 2021, and they emphasize that CVD prevention is the top priority for patients with CKD who exhibit dyslipidemia [14]. A diet that promotes CVD prevention is rich in fruits, vegetables, legumes, nuts, seeds, plant protein, and fatty fish; it should also contain less saturated fat, dietary cholesterol, salt, and refined grains [15].



Dietary fish oil supplementation prevents the progression of renal disease in patients with IgA nephropathy [16]. Han et al. reported that patients with both DM and hypertriglyceridemia who supplemented 4 g of n-3 polyunsaturated fatty acid (PUFA) daily achieved significantly favorable outcomes in maintaining their renal function compared with those who consumed lower dosages (1 g/day, 2 g/day) in a retrospective study; they also reported that this effect was dose-dependent [17]. A nested case-control study involving young Swedish patients with type 1 DM revealed an association between a higher intake of fish protein and a lower risk of microalbuminuria [18]. A prospective study conducted by Kutner et al. revealed a relationship between increased fish consumption and a reduction in mortality (50%) among a cohort of 216 patients on dialysis over a 3-year period [19]. Friedman et al. conducted a retrospective study. They measured baseline erythrocyte n-3 PUFA levels of hemodialysis patients and summed the erythrocyte EPA and DHA content as an omega-3 index (O3I). In a multivariate model, a protective trend was observed with an O3I above the median (Hazard Ratio (95% CI); 2.48 (0.88, 6.95)) [20].



Studies have suggested that patients with DN can delay the progression of the disease and reduce urinary protein excretion by increasing their consumption of fish and long-chain n-3 PUFA. Such surveys are relatively rare in Taiwan. In the present study, we conducted a cross-sectional study and recruited T2DM patients from a district hospital in Northern Taiwan. Dietary intake assessment was administered by an interviewer-administered food frequency questionnaire. The aim of this study was to investigate the association of fish and n-3 unsaturated fatty acid consumption with DN. The findings of this study can serve as a reference for formulating nutritional care plans and recommended dietary allowance guidelines for patients with DN.




2. Materials and Methods


2.1. Study Participants


The participants of the present study were recruited from the dietetic consultation clinic of the Taoyuan Armed Forces General Hospital in Taiwan. Patients were recruited if they were (1) diagnosed with T2DM at an endocrinology and metabolism clinic at least 1 year prior to the start of the study and adhered to the treatments prescribed by their physicians, (2) aged between 30 and 85 years, (3) and following their physician’s advice regarding oral medication and insulin administration. Patients with immune-related or autoimmune diseases, drug addiction, malignant tumors, cirrhosis, coagulation abnormality, or gallbladder diseases; patients on dialysis for ESRD; and patients who were being treated with oral coagulants were excluded from the present study.



All participants were fully informed of the procedures, objectives of the present study, and the content of the administered questionnaires, and then signed informed consent. All the participants with T2DM who were recruited for the first clinical study (June 2012 to May 2013) were approved by the Joint Institutional Review Board of Taipei Medical University (No. 201207004), and those who were recruited for the second clinical study (January to December 2021) were approved by the Institutional Review Board of Tri-Service General Hospital, National Defense Medical Center (No. 202005174).




2.2. Research Design


A cross-sectional study was conducted to collect the data from participants with diabetes, including basic characteristics, anthropometrics, laboratory measurements, and dietary intake assessments. Basic characteristics (i.e., sex, age, duration of diabetes, and prescription drug use) were collected from medical records of Taoyuan Armed Forces General Hospital; anthropometric and laboratory data were measured by medical professionals on a visit. Dietary questionnaires were also administered to observe the effect of diet on DN. Before the start of the experiment, each participant was interviewed and asked to comply with the instructions of outpatient dietitians; they were also informed of the content of the questionnaire and consent form, the objectives and procedures of the present study, and the requirements during the study period. In total, 317 participants were recruited for the present study. However, among the 317 participants, four who did not complete the administered questionnaires or did not meet the recruitment criteria were subsequently excluded. During the experiment, the participants maintain their normal life without any restrictions and continued their treatments as prescribed by their physicians.




2.3. Dietary Intake Assessment


An interviewer-administered semiquantitative food frequency questionnaire (SQFFQ) was administered to collect data on the dietary intake of protein (from various sources) and cooking oil. The protein-containing food items listed in the questionnaire were foods that are commonly consumed in Taiwan, such as eggs (e.g., chicken, duck, and salted eggs), meats (e.g., chicken, duck, pork, beef, and offal), low-fat marine fish (e.g., perch, hairtail, tuna, and butterfish), moderate-fat marine fish (e.g., narrowbarred mackerel, spotted mackerel, grouper, and mullet), high-fat marine fish (e.g., milkfish, salmon, saury, codfish, oilfish, and mackerel), freshwater fish (e.g., tilapia, yellow croaker, and grass carp), processed fish products (e.g., dried small fish, tempura, and fish balls), shellfish (e.g., shrimp, crab, lobster, clams, oysters, abalone, and babylon shell), dairy products (e.g., whole, low-fat, and skim milk), soybean products (e.g., tofu, dried bean dried tofu, soy milk, and vegetarian chicken), and seeds and nuts (e.g., pistachios, almonds, cashew nuts, flax seeds, peanuts, sunflower seeds, and pumpkin seeds). The consumption of edible oils was also assessed in the questionnaire; such oils included animal fat, soybean oil, sunflower oil, olive oil, peanut oil, rapeseed oil, sesame oil, and grapeseed oil. The content of the questionnaire was validated through an expert review. Two professors were invited to conduct a validity test of the questionnaire content. They examined the relevance and clarity of the content and assessed the usability of the questionnaire. The eligible participants were interviewed by a registered dietitian who then completed the SQFFQ using various food models. The frequency of food consumption within a single month was classified according to the six levels as follows: (1) no intake, (2) <1 time/week, (3) 1–3 times/week, (4) 4–6 times/week, (5) daily, and (6) ≥2 times/day. We converted servings of each type of food into weight and analyzed fatty acid composition using the government-published Taiwan Food Nutrition Database 2020 [21]. Σn-6 PUFA was the total amount of C18:2n-6 and C20:4n-6; Σn-3 PUFA was the total amount of C18:3n-3, C20:5n-3 (eicosapentaenoic acid, EPA), and C22:6n-3 (docosahexaenoic acid, DHA); MUFA was the total amount of C18:1n-9.




2.4. Anthropometry and Blood Biochemical Analysis


Body height and weight were measured using a height and weight measuring device. The body mass index (BMI) of a participant was calculated by dividing their weight (kg) by the square of their height (m). After a participant had rested for ≥10 min in a quiet room, their blood pressure was measured twice with a 10 min rest between measurements by using an FT-500 R automatic blood pressure meter (Jawon Medical, South Korea). The final blood pressure value was the mean of two measurements. Waist circumference was measured by using a plastic measuring tape at the mid-point between the iliac crest (hip bone) and costal margin (lowest rib).



Blood biomarkers, including fasting plasma glucose, creatinine, total cholesterol, and triglyceride were measured by enzymatic colorimetric assay using a Cobas c 501 analyzer (Roche Diagnostics, Mannheim, Germany). Estimated glomerular filtration rate (eGFR) was calculated using a modified Modification of Diet in Renal Disease formula, which is as follows: eGFR (mL/min/1.73 m2) = 175 × (creatinine, mg/dL)−1.154 × (Age, years)−0.203 × 0.742 (if female). Glycated hemoglobin (HbA1c) was analyzed through high-performance liquid chromatography (Spotchem Sp 4410, Arkary, Kyoto, Japan). The quantitative estimation of urinary protein was performed by applying the colorimetric sulfosalicylic acid method. The colorimetric estimation of urinary creatinine was performed by applying the modified Jaffe’s method [22].




2.5. Statistical Analysis


In the first clinical trial, we did not have enough funds, so we only collected 106 cases. In 2021, we received funding from Taoyuan Armed Forces General Hospital (grant number: TYAFGH-A-110006), so we conducted a second clinical trial and collected another 211 cases. The two clinical trials had consistent results, so the data were combined for statistical analysis.



Patients with diabetes who had a urinary albumin–creatinine ratio (UACR) of ≥30 mg/g were defined as having DN and those with UACR < 30 mg/g were defined as DM [23]. We divided the participants into two groups on the basis of this definition, namely, the DN and DM groups. All data were verified to have a normal distribution through the Kolmogorov–Smirnov test.



The data pertaining to basic demographic information, anthropometry, biochemical analysis, urinalysis, weekly food consumption, and dietary fatty acid composition were presented as means ± standard deviations (SDs) or percentage values. Intergroup differences were identified through independent t tests. Pearson’s chi-square test was used to assess categorical variables. Correlations were identified by performing multivariable logistic regressions to assess the associations between selected food consumption or dietary fatty acids and DN risk. There were no covariates were adjusted in Model 1; the diabetes duration, age, and HbA1c were adjusted in Model 2. All data analyses were performed using SPSS (version 19; SPSS, Chicago, IL, USA). A significant difference was recognized when p < 0.05.





3. Results


3.1. Participant Characteristics


We recruited 106 and 211 participants from Taoyuan Armed Forces General Hospital in 2012 and 2021, respectively. Four participants who did not meet the inclusion criteria or provided incomplete data were excluded. Of the 313 remaining participants, 162 were men, and 151 were women. They were divided into the DM (n = 169, 54%) and DN (n = 144, 46%) groups on the basis of their UACR measurements. The flow of the participant recruitment and assignment process is illustrated in Figure 1.



Table 1 presents the participants’ demographic information and their results with respect to their anthropometry, medication history, and hematological and urinary analysis. The participants were aged between 40 and 80 years. No significant difference between the DM and DN groups was detected for sex, height, weight, BMI, waist circumstance, blood pressure, and cholesterol level. However, compared to the participants in the DM group, the DN group were older (66.0 ± 11.1 vs. 62.7 ± 12.5), longer duration of diabetes (12.8 ± 8.6 vs. 9.3 ± 7.4 years), and poorer glycemic control (HbA1c; 7.9 ± 1.4 vs. 7.3 ± 1.2%) and renal function (UACR: 349.9 ± 692.6 vs. 12.2 ± 8.0 mg/g; eGFR: 72.7 ± 30.7 vs. 85.6 ± 22.8 mg/dL). We also analyzed the oral hypoglycemic agents used in participants, including sulfonylurea, biguanide, α-glucosidase inhibitor, SGLT2 inhibitor, glucagon-like peptide 1, thiazolidinedione, and dipeptidyl peptidase-4 inhibitor. There was no statistical difference in drug class between the groups, except that the DN group had a higher proportion of SGLT2 inhibitor than the DM group (data not shown). We noticed that the DN group took significantly more types of drugs for glycemic control than the DM group. These findings implied that participants in the DN group had more difficulty in controlling blood sugar than those in the DM group. There was no significant difference in antihypertensive drugs and insulin injections between the two groups.




3.2. Consumption of Selected Foods as Assessed through SQFFQ


The dietary records of total energy intake per day were 1726.2 ± 334.8 kcal in the DM and 1714.1 ± 776.9 kcal the in DN group. There was no difference significant difference between groups. Table 2 presents the results for the consumption of selected foods (number of servings per week) by the DM and DN groups. No significant difference between the two groups was detected for the following food items: eggs, meat, offal, marine fish (low- and moderate-fat marine fish), freshwater fish, processed fish products, dairy products, fats and oils, and nuts and seeds. Relative to the DM group, the DN group had a significantly lower intake of the following food items: high-fat marine fish (2.3 ± 2.3 (DN) vs. 3.0 ± 2.3 (DM)), shellfish (0.5 ± 0.9 (DN) vs. 0.7 ± 1.2 (DM)), soybean products (1.9 ± 2.0 (DN) vs. 2.5 ± 2.6 (DM)), olive oil (2.3 ± 3.6 (DN) vs. 3.1 ± 3.9 (DM)), and other oils (0.7 ± 2.3 (DN) vs. 1.4 ± 2.9 (DM)).




3.3. Association between Selected Foods Consumption and DN


Logistic regression models were used to examine the associations between DN risk and the consumption of selected foods. In Model 1, no covariates were adjusted; in Model 2, diabetes duration, age, and HbA1c were adjusted. Our data revealed that high-fat marine fish intake had the lowest odds ratio (OR) of DN risk compared with other fishes (OR: 0.876; 95% CI: 0.792–0.969). Shellfish, soybean products, and skim milk also provided a better protective effect to decrease the risk of DN (OR: 0.709; 95% CI: 0.554–0.908, OR: 0.894; 95% CI: 0.800–0.998, and OR: 0.561; 95% CI: 0.319–0.988, respectively) after adjusting for covariates (Table 3). Although olive oil decreased the risk of DN (OR: 0.928; 95% CI: 0.875–0.985) in Model 1 (p = 0.014), there was no statistical difference after adjusting for covariates (p = 0.062).




3.4. Dietary Fatty Acid Composition in DM and DN Groups


Dietary fatty acids composition in DM and DN groups were shown in Table 4. Relative to the DM group, the DN group had a significantly lower mean intake for the following fatty acids: total saturated fatty acids (30.1 ± 13.1 g (DN) vs. 33.8 ± 13.3 g (DM)), total monounsaturated fatty acids (39.6 ± 15.8 g (DN) vs. 44.1 ± 15.7 g (DM)), and total polyunsaturated fatty acids (28.6 ± 11.0 g (DN) vs. 31.5 ± 10.8 g (DM)). A further analysis of polyunsaturated fatty acids revealed that the intake of Σn-3, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) was lower in the DN group than in the DM group, such that the DN group had a higher Σn-6/Σn-3 ratio.




3.5. Association between Dietary Fatty Acids and DN


Logistic regression models were employed to examine the associations between DN risk and selected dietary fatty acids. In Model 1, no covariates were adjusted; in Model 2, diabetes duration, age, and HbA1c were adjusted. Our data revealed that total saturated fatty acids, total monounsaturated fatty acids, total polyunsaturated fatty acids, Σn-3, EPA, DHA, and the Σn-6/Σn-3 ratio were major indicators for predicting DN risk (Table 5). We noted that Σn-3 PUFAs significantly reduced DN risk, while Σn-6 PUFAs did not, especially EPA (OR: 0.821; 95% CI: 0.688–0.979, p = 0.029) and DHA (OR: 0.903; 95% CI: 0.823–0.992, p = 0.033) regardless of whether the variables were adjusted. In addition, a higher in the Σn-6/Σn-3 ratio also increased the risk of DN (OR: 1.088; 95% CI: 1.010–1.172, p = 0.027).





4. Discussion


Our result showed that participants in the DN group were older, had longer diabetes duration and poorer glycemic control and renal function than those in the DM group. Consumption of high-fat marine fish, shellfish, soybean products, and skim milk provided a better protective effect to decrease the risk of DN. A further analysis of polyunsaturated fatty acids revealed that Σn-3 PUFAs significantly reduced DN risk, especially EPA and DHA, while Σn-6 PUFAs did not.



Most studies have observed that higher UACR levels in patients with hypertension and insulin resistance [24,25]. A study demonstrated that hypertension significantly increased protein excretion in urine and contributed to the development of nephropathy in diabetics [26]. Because our participants were undergoing appropriate antihypertensive medication treatment, no correlation between blood pressure and UACR was observed in the present study (p = 0.617). The risk of developing nephropathy increases with diabetes duration, and the early diagnosis and treatment of risk factors for nephropathy can reduce the development and progression of DN [27]. Our results showed that relative to the participants with DM, those with DN took a greater variety of hypoglycemic drugs and a greater proportion of them received insulin injections; these findings suggest that the participants with DN had more difficulties controlling their blood sugar than did those with DM. Poor glycemic control in patients with DM occurs for various reasons, including inflammation response in the body, an inappropriate diet, and a lack of exercise [28,29]. Further research is required to clarify the reasons for the relatively poor glycemic control in patients with DN.



Dietary low-fat soy milk powder slows DN progression by inhibiting renal fibrosis and renal inflammation [30]. A longitudinal survey study revealed that a higher consumption of low/reduced-fat dairy foods resulted in a 49% reduction in CKD risk among older adults over the span of 10 years [26]. Another study demonstrated that the consumption of Mediterranean diet protein sources (i.e., low-fat dairy products, fish, poultry, soy products, and legumes) reduces the odds of developing DN [31]. The Atherosclerosis Risk in Communities (ARIC) study, which had a median follow-up period of 23 years, revealed that a higher dietary intake of nuts, legumes, and low-fat dairy products is associated with lower CKD risk [32]. Our results also indicated that a higher intake of fish, low-fat dairy products, soy products, and olive oil can help reduce DN risk; these foods may have a protective effect against the development of kidney disease.



Our findings indicated that consuming high-fat fish is more likely to reduce DN risk than consuming low- and moderate-fat and freshwater fish. Therefore, we further analyzed the fatty acid composition of the participants’ diets and discovered that total n-3 PUFA, especially EPA and DHA significantly reduced DN risk. Prostanoids and leukotrienes are derived from long-chain PUFAs, arachidonic acid, eicosapentaenoic acid, and docosahexaenoic acid by cyclooxygenase 1 (COX-1), cyclooxygenase 2 (COX-2) lipoxygenase 5, and cytochrome P450 pathways through distinct receptors that present at various segments of a nephron [33]. Oxygenated PUFAs are potentially involved in DN. An increasing body of evidence supports the position that COX-1 and COX-2 differentially regulate renal function. Qi et al. demonstrated that tubulointerstitial COX-2 is constitutively expressed and synthesizes natriuretic and vasodilator prostaglandins. These prostanoids maintain renal blood flow and glomerular function across a broad spectrum of effective arterial blood volume [34]. COX-2 expression and prostanoid signaling are increased in DN, and they are implicated in renal injury through the induction of inflammation and glomerular hyperfiltration, which are observed in early DN [35].



Altered intakes of dietary n-3 and n-6 PUFAs differentially influence the long-chain PUFA composition of membranes, the relative concentrations of various oxidized PUFAs, the consequent activation of signaling cascades, and, ultimately, organ physiology and pathophysiology. For example, the proinflammatory effect of arachidonic acid-derived PGE2 and leukotriene B4 is greater than that of EPA-derived PGE3 and LTB5. Long-chain n-3 PUFAs can inhibit DN progression through their anti-inflammatory effects. A hypertensive nephropathy experiment and a remnant kidney model have demonstrated that fish oil supplementation can attenuate renal injury in rats by reducing NF-κB activation, inhibiting COX-2 expression, reducing reduced nicotinamide adenine dinucleotide phosphate oxidase activation, and consequently inhibiting pro-inflammatory gene transcription and ROS formation [36,37]. Our study revealed that a higher Σn-6/Σn-3 ratio significantly increases DN risk, whereas higher n-3 PUFA, especially EPA and DHA levels significantly reduce DN risk. The type of consumed fatty acid can influence stored fatty acid composition and structural lipids in various body compartments, such as erythrocyte membranes [38]. Because of funding constraints, we could only analyze the participants’ intake and sources of dietary fatty acids and did not measure their erythrocyte fatty acid composition. Chung et al. analyzed erythrocyte fatty acids and longitudinally observed their effects on renal function decline in patients with T2DM; their results revealed that a high n-3 PUFA level or n-3/n-6 PUFA ratio has protective effects against renal function impairment [39], which is consistent with our results.



We found a higher proportion of using SGLT2 inhibitors in the DN group. Preclinical studies and clinical trials of SGLT2 inhibitors have consistently demonstrated a reduction in albuminuria and preservation of kidney function [40,41,42]. In 2018, The American Diabetes Association/European Association for the Study of Diabetes Consensus Report recommends SGLT inhibitors as the preferred add-on therapy for patients with type 2 diabetes to prevent the worsening of diabetic nephropathy [43]. Therefore, we believe that is why clinicians prescribed more SGLT2 inhibitors to patients in the DN group. The mechanisms of SGLT2 inhibitors to improve renal outcomes in patients with type 2 diabetes include the inhibition of renal glucose reabsorption, reduction in blood pressure, amelioration of glucotoxicity, and induction of hemodynamic effects [44,45]. The present cross-section study showed that the intake of n-3 PUFA might decrease the risk of DN. However, how many doses can achieve effective improvement, and the related mechanisms are still unclear. Whether n-3 PUFA can synergistically reduce DN risk with SGLT2 inhibitors also needs more research to confirm.



Through dietary surveys, our study revealed that a healthy diet that includes fish rich in n-3 PUFA, low-fat dairy products, soy products, and shellfish can help to reduce DN risk; thus, dietary advice should be provided to patients with diabetes at an early stage to prevent nephropathy. However, several limitations should be considered when interpreting our study results. First, our study was a cross-sectional study that did not explain the consequence of longitudinal efforts on DN development. Second, our study used a small sample size and all of its participants were living in northern Taiwan; these are factors that may limit the generalizability of the results. Therefore, large-sample, multicenter studies are required. Third, we did not analyze fatty acid composition and inflammatory markers. Thus, a further exploration of the mechanism of long-chain n-3 fatty acids in reducing DN risk is warranted.




5. Conclusions


In summary, our findings suggest that increasing the intake of high-fat marine fish, shellfish, soybean products, and low-fat dairy products can help mitigate the risk of DN and that patients with DM who consume n-3 PUFAs, high-quality proteins, are less likely to develop DN.







Author Contributions


Conceptualization, S.-P.L. and S.-C.L.; methodology, all authors; data curation, S.-P.L., K.-L.W. (Kang-Ling Wang), and K.-L.W. (Kun-Lin Wu); validation, C.-M.C. and S.-C.L.; drafting of manuscript, S.-P.L. and C.-M.C.; critical revision of manuscript, S.-P.L. and C.-M.C.; final approval of version to be published, S.-C.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Taoyuan Armed Forces General Hospital (grant number: TYAFGH-A-110006).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Joint Institutional Review Board of Taipei Medical University (No. 201207004, June 2012) and Tri-Service General Hospital, National Defense Medical Center (No. 202005174, April 2020).




Informed Consent Statement


Informed consent was obtained from all the participants who were involved in the study.




Data Availability Statement


The data supporting the reported results and conclusions can be found in the submitted figure and tables. Additional research materials and protocols that are relevant to the study are available from the corresponding author upon reasonable request.




Acknowledgments


We thank the participants and medical staff for their participation. This manuscript was edited by Wallace Academic Editing organizations.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Sun, H.; Saeedi, P.; Karuranga, S.; Pinkepank, M.; Ogurtsova, K.; Duncan, B.B.; Stein, C.; Basit, A.; Chan, J.C.N.; Mbanya, J.C.; et al. IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res. Clin. Pract. 2022, 183, 109119. [Google Scholar] [CrossRef] [PubMed]

	



Umanath, K.; Lewis, J.B. Update on Diabetic Nephropathy: Core Curriculum 2018. Am. J. Kidney Dis. 2018, 71, 884–895. [Google Scholar] [CrossRef] [PubMed]

	



Alicic, R.Z.; Rooney, M.T.; Tuttle, K.R. Diabetic Kidney Disease. Chall. Prog. Possibilities 2017, 12, 2032–2045. [Google Scholar] [CrossRef] [PubMed]

	



Stevens, P.E.; Levin, A. Evaluation and management of chronic kidney disease: Synopsis of the kidney disease: Improving global outcomes 2012 clinical practice guideline. Ann. Intern. Med. 2013, 158, 825–830. [Google Scholar] [CrossRef]

	



Naresh, C.N.; Hayen, A.; Weening, A.; Craig, J.C.; Chadban, S.J. Day-to-Day Variability in Spot Urine Albumin-Creatinine Ratio. Am. J. Kidney Dis. 2013, 62, 1095–1101. [Google Scholar] [CrossRef]

	



Wouters, O.J.; O’donoghue, D.J.; Ritchie, J.; Kanavos, P.G.; Narva, A.S. Early chronic kidney disease: Diagnosis, management and models of care. Nat. Rev. Nephrol. 2015, 11, 491–502. [Google Scholar] [CrossRef]

	



Narres, M.; Claessen, H.; Droste, S.; Kvitkina, T.; Koch, M.; Kuss, O.; Icks, A. The Incidence of End-Stage Renal Disease in the Diabetic (Compared to the Non-Diabetic) Population: A Systematic Review. PLoS ONE 2016, 11, e0147329. [Google Scholar] [CrossRef]

	



Wu, M.Y.; Wu, M.S. Taiwan renal care system: A learning health-care system. Nephrol. 2018, 23 (Suppl. 4), 112–115. [Google Scholar] [CrossRef]

	



Hsu, C.L.; Hsu, C.W.; Chang, P.C.; Huang, W.H.; Weng, C.H.; Yang, H.Y.; Liu, S.H.; Chen, K.H.; Weng, S.M.; Chang, C.C. Oral tori in chronic peritoneal dialysis patients. PLoS ONE 2016, 11, e0156988. [Google Scholar] [CrossRef]

	



Gross, J.L.; De Azevedo, M.J.; Silveiro, S.P.; Canani, L.H.; Caramori, M.L.; Zelmanovitz, T. Diabetic nephropathy: Diagnosis, prevention, and treatment. Diabetes Care 2005, 28, 164–176. [Google Scholar] [CrossRef]

	



Sulaiman, M.K. Diabetic nephropathy: Recent advances in pathophysiology and challenges in dietary management. Diabetol. Metab. Syndr. 2019, 11, 7. [Google Scholar] [CrossRef] [PubMed]

	



Axelsson, T.G.; Irving, G.F.; Axelsson, J. To eat or not to eat: Dietary fat in uremia is the question. Semin. Dial. 2010, 23, 383–388. [Google Scholar] [CrossRef] [PubMed]

	



Steiber, A.L. Chronic kidney disease: Considerations for nutrition interventions. J. Parenter. Enter. Nutr. 2014, 38, 418–426. [Google Scholar] [CrossRef] [PubMed]

	



Sarnak, M.J.; Bloom, R.; Muntner, P.; Rahman, M.; Saland, J.M.; Wilson, P.W.F.; Fried, L. KDOQI US Commentary on the 2013 KDIGO Clinical Practice Guideline for Lipid Management in CKD. Am. J. Kidney Dis. 2015, 65, 354–366. [Google Scholar] [CrossRef] [PubMed]

	



Belardo, D.; Michos, E.D.; Blankstein, R.; Blumenthal, R.S.; Ferdinand, K.C.; Hall, K.; Klatt, K.; Natajaran, P.; Ostfeld, R.J.; Reddy, K. Practical, Evidence-Based Approaches to Nutritional Modifications to Reduce Atherosclerotic Cardiovascular Disease: An American Society For Preventive Cardiology Clinical Practice Statement. Am. J. Prev. Cardiol. 2022, 10, 100323. [Google Scholar] [CrossRef]

	



Grande, J.P.; Donadio, J.V., Jr. Dietary fish oil supplementation in IgA nephropathy: A therapy in search of a mechanism? Nutrition 1998, 14, 240–242. [Google Scholar] [CrossRef]

	



Han, E.; Yun, Y.; Kim, G.; Lee, Y.H.; Wang, H.J.; Lee, B.W.; Cha, B.S.; Kim, B.S.; Kang, E.S. Effects of omega-3 fatty acid supplementation on diabetic nephropathy progression in patients with diabetes and hypertriglyceridemia. PLoS ONE 2016, 11, e0154683. [Google Scholar] [CrossRef]

	



MOllsten, A.V.; Dahlquist, G.G.; Stattin, E.L.; Rudberg, S. Higher intakes of fish protein are related to a lower risk of microalbuminuria in young Swedish type 1 diabetic patients. Diabetes Care 2001, 24, 805–810. [Google Scholar] [CrossRef]

	



Kutner, N.G.; Clow, P.W.; Zhang, R.; Aviles, X. Association of fish intake and survival in a cohort of incident dialysis patients. Am. J. Kidney Dis. 2002, 39, 1018–1024. [Google Scholar] [CrossRef]

	



Friedman, A.N.; Saha, C.; Watkins, B.A. Feasibility study of erythrocyte long-chain omega-3 polyunsaturated fatty acid content and mortality risk in hemodialysis patients. J. Ren. Nutr. 2008, 18, 509–512. [Google Scholar] [CrossRef]

	



Food and Drug Administration of Taiwan. Available online: https://consumer.fda.gov.tw/food/tfnd.aspx?nodeID=178 (accessed on 18 May 2022).

	



Varley, H. Practical Clinical Biochemistry; Williain Heinemann Medical Books Ltd.: London, UK, 1954; pp. 145–147. [Google Scholar]

	



Abdelhafiz, A.H.; Ahmed, S.; El Nahas, M. Microalbuminuria: Marker or maker of cardiovascular disease. Nephron Exp. Nephrol. 2011, 119, e6–e10. [Google Scholar] [CrossRef] [PubMed]

	



Boulatov, V.A.; Stenehjem, A.; Os, I. Association between albumin: Creatinine ratio and 24-hour ambulatory blood pressure in essential hypertension. Am. J. Hypertens. 2001, 14, 338–344. [Google Scholar] [CrossRef]

	



Gu, S.; Wang, A.; Ning, G.; Zhang, L.; Mu, Y. Insulin resistance is associated with urinary albumin-creatinine ratio in normal weight individuals with hypertension and diabetes: The REACTION study. J. Diabetes 2020, 12, 406–416. [Google Scholar] [CrossRef] [PubMed]

	



Aziz, A.; Kamran, M. Association of high levels of spot urine protein with high blood pressure, mean arterial pressure and pulse pressure with the development of diabetic chronic kidney dysfunction or failure among diabetic patients. statistical regression modeling to predict diabetic proteinuria. Curr. Diabetes Rev. 2019, 15, 486–496. [Google Scholar]

	



Schernthaner, G.; Schernthaner, G.H. Diabetic nephropathy: New approaches for improving glycemic control and reducing risk. J. Nephrol. 2013, 26, 975–985. [Google Scholar] [CrossRef] [PubMed]

	



Fadem, S.Z. Staying Healthy with Kidney Disease; Springer: Berlin/Heidelberg, Germany, 2022; pp. 23–33. [Google Scholar]

	



Van Huffel, L.; Tomson, C.R.; Ruige, J.; Nistor, I.; Van Biesen, W.; Bolignano, D. Dietary restriction and exercise for diabetic patients with chronic kidney disease: A systematic review. PLoS ONE 2014, 9, e113667. [Google Scholar] [CrossRef]

	



Jheng, H.F.; Hirotsuka, M.; Goto, T.; Shibata, M.; Matsumura, Y.; Kawada, T. Dietary low-fat soy milk powder retards diabetic nephropathy progression via inhibition of renal fibrosis and renal inflammation. Mol. Nutr. Food Res. 2017, 61. [Google Scholar] [CrossRef]

	



Aziz, M.; Jalilpiran, Y.; Nekouimehr, M.; Fattahi, S.; Mokhtari, P.; Jayedi, A.; Yekaninejad, M.S.; Mirzaei, K. Dietary protein sources and risk of diabetic nephropathy in women: A case-control study. BMC Endocr. Disord. 2021, 21, 174. [Google Scholar] [CrossRef]

	



Haring, B.; Selvin, E.; Liang, M.; Coresh, J.; Grams, M.E.; Petruski-Ivleva, N.; Steffen, L.M.; Rebholz, C.M. Dietary protein sources and risk for incident chronic kidney disease: Results from the Atherosclerosis Risk in Communities (ARIC) Study. J. Ren. Nutr. 2017, 27, 233–242. [Google Scholar] [CrossRef]

	



Câmara, N.O.; Martins, J.O.; Landgraf, R.G.; Jancar, S. Emerging roles for eicosanoids in renal diseases. Curr. Opin. Nephrol. Hypertens. 2009, 18, 21–27. [Google Scholar] [CrossRef]

	



Qi, Z.; Cai, H.; Morrow, J.D.; Breyer, M.D. Differentiation of cyclooxygenase 1-and 2–derived prostanoids in mouse kidney and aorta. Hypertension 2006, 48, 323–328. [Google Scholar] [CrossRef]

	



Hao, C.M.; Breyer, M. Physiologic and pathophysiologic roles of lipid mediators in the kidney. Kidney Int. 2007, 71, 1105–1115. [Google Scholar] [CrossRef] [PubMed]

	



An, W.S.; Kim, H.J.; Cho, K.H.; Vaziri, N.D. Omega-3 fatty acid supplementation attenuates oxidative stress, inflammation, and tubulointerstitial fibrosis in the remnant kidney. Am. J. Physiol. -Ren. Physiol. 2009, 297, F895–F903. [Google Scholar] [CrossRef] [PubMed]

	



Diaz Encarnacion, M.M.; Warner, G.M.; Gray, C.E.; Cheng, J.; Keryakos, H.K.; Nath, K.A.; Grande, J.P. Signaling pathways modulated by fish oil in salt-sensitive hypertension. Am. J. Physiol. -Ren. Physiol. 2008, 294, F1323–F1335. [Google Scholar] [CrossRef] [PubMed]

	



Glatz, J.; Soffers, A.; Katan, M.B. Fatty acid composition of serum cholesteryl esters and erythrocyte membranes as indicators of linoleic acid intake in man. Am. J. Clin. Nutr. 1989, 49, 269–276. [Google Scholar] [CrossRef] [PubMed]

	



Chung, H.F.; Long, K.Z.; Hsu, C.C.; Al Mamun, A.; Jhang, H.R.; Shin, S.J.; Hwang, S.J.; Huang, M.C. Association of n-3 polyunsaturated fatty acids and inflammatory indicators with renal function decline in type 2 diabetes. Clin. Nutr. 2015, 34, 229–234. [Google Scholar] [CrossRef] [PubMed]

	



Wanner, C.; Inzucchi, S.E.; Lachin, J.M.; Fitchett, D.; von Eynatten, M.; Mattheus, M.; Johansen, O.E.; Woerle, H.J.; Broedl, U.C.; Zinman, B. Empagliflozin and progression of kidney disease in type 2 diabetes. N. Engl. J. Med. 2016, 375, 323–334. [Google Scholar] [CrossRef]

	



Neal, B.; Perkovic, V.; Mahaffey, K.W.; De Zeeuw, D.; Fulcher, G.; Erondu, N.; Shaw, W.; Law, G.; Desai, M.; Matthews, D.R. Canagliflozin and cardiovascular and renal events in type 2 diabetes. N. Engl. J. Med. 2017, 377, 644–657. [Google Scholar] [CrossRef]

	



Jardine, M.J.; Mahaffey, K.W.; Neal, B.; Agarwal, R.; Bakris, G.L.; Brenner, B.M.; Bull, S.; Cannon, C.P.; Charytan, D.M.; De Zeeuw, D. The Canagliflozin and Renal Endpoints in Diabetes with Established Nephropathy Clinical Evaluation (CREDENCE) study rationale, design, and baseline characteristics. Am. J. Nephrol. 2017, 46, 462–472. [Google Scholar] [CrossRef]

	



Davies, M.J.; D’Alessio, D.A.; Fradkin, J.; Kernan, W.N.; Mathieu, C.; Mingrone, G.; Rossing, P.; Tsapas, A.; Wexler, D.J.; Buse, J.B. Management of hyperglycemia in type 2 diabetes, 2018. A consensus report by the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD). Diabetes Care 2018, 41, 2669–2701. [Google Scholar] [CrossRef]

	



Polidori, D.; Sha, S.; Ghosh, A.; Plum-Mörschel, L.; Heise, T.; Rothenberg, P. Validation of a novel method for determining the renal threshold for glucose excretion in untreated and canagliflozin-treated subjects with type 2 diabetes mellitus. J. Clin. Endocrinol. Metab. 2013, 98, E867–E871. [Google Scholar] [CrossRef] [PubMed]

	



Abdul-Ghani, M.; Del Prato, S.; Chilton, R.; DeFronzo, R.A. SGLT2 inhibitors and cardiovascular risk: Lessons learned from the EMPA-REG OUTCOME study. Diabetes Care 2016, 39, 717–725. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 14 02148 g001 550] 





Figure 1. Participant recruitment and assignment process. 
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Table 1. Demographics and clinical characteristics of participants. a
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	Characteristic
	DM b (n = 169)
	DN (n = 144)
	p-Value





	Sex (M/F)
	89/80
	73/71
	0.735



	Age (years)
	62.7 ± 12.5
	66.0 ± 11.1
	0.017 *



	Diabetes duration (years)
	9.3 ± 7.4
	12.8 ± 8.6
	<0.001 *



	Body Height (cm)
	161.1 ± 9.1
	159.9 ± 8.2
	0.201



	Body Weight (kg)
	68.7 ± 13.4
	69.5 ± 15.6
	0.614



	Body mass index (kg/m2)
	26.4 ± 4.3
	27.0 ± 5.6
	0.309



	Waist circumference(inch)
	33.7 ± 5.2
	34.8 ± 5.2
	0.068



	Systolic blood pressure (mm Hg)
	137.4 ± 13.8
	136.2 ± 14.6
	0.450



	Diastolic blood pressure (mm Hg)
	74.4 ± 9.6
	74.0 ± 10.1
	0.722



	Use of antihypertensive drugs, n (%)
	
	
	0.735



	No
	64 (37.9)
	43 (29.9)
	



	One type
	67 (39.6)
	62 (43.1)
	



	Two-type combination
	26 (15.4)
	25 (17.4)
	



	More than two type combination
	12 (7.1)
	14 (9.7)
	



	Use of oral hypoglycemic drugs, n (%)
	
	
	0.023 *



	No
	12 (11.0)
	13 (13.0)
	



	One type
	71 (65.1)
	47 (47.0)
	



	Two-type combination
	26 (23.9)
	40 (40.0)
	



	More than two type combination
	26 (23.9)
	35 (35.0)
	



	Use of Insulin, n (%)
	26 (23.9)
	35 (35.0)
	0.077



	UACR (mg/g)
	12.2 ± 8.0
	349.9 ± 692.6
	<0.001 *



	Creatinine (mg/dL)
	0.9 ± 0.3
	1.2 ± 0.8
	<0.001 *



	eGFR (mL/min/1.73 m2)
	85.6 ± 22.8
	72.7 ± 30.7
	<0.001 *



	Fasting plasma glucose (mg/dL)
	142.9 ± 46.2
	153.1 ± 47.6
	0.046 *



	HbA1c (%)
	7.3 ± 1.2
	7.9 ± 1.4
	<0.001 *



	Triglycerides (mg/dL)
	139.6 ± 98.1
	164.3 ± 100.6
	0.031 *



	Cholesterol (mg/dL)
	157.8 ± 31.6
	158.6 ± 59.2
	0.876







a Values are presented as means ± standard deviations or n (%). b DM, diabetes mellitus; DN, diabetic nephropathy; UACR, urine albumin–creatinine ratio; eGFR, estimated glomerular filtration rate; HbA1c, Hemoglobin A1C. * Differences between DM and DN groups were tested using independent t tests or chi-square tests; a p-value < 0.05 was considered statistically significant.
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Table 2. Weekly consumption (no. of servings/week) of selected foods by DM and DN groups as assessed through a semiquantitative food frequency questionnaire. a
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	Food Items
	DM (n = 169)
	DN (n = 144)
	p-Value





	Eggs
	2.2 ± 1.5
	2.1 ± 1.5
	0.682



	Meat and offal
	7.2 ± 2.8
	7.4 ± 2.7
	0.527



	Marine water fishes
	
	
	



	Low-fat
	2.7 ± 2.3
	2.2 ± 2.3
	0.055



	Moderate-fat
	2.5 ± 2.4
	2.1 ± 2.2
	0.095



	High-fat
	3.0 ± 2.3
	2.3 ± 2.3
	0.012 *



	Freshwater fishes
	1.5 ± 2.0
	1.7 ± 2.2
	0.519



	Shellfish
	0.7 ± 1.2
	0.5 ± 0.9
	0.035 *



	Processed fish products
	0.3 ± 0.8
	0.2 ± 0.6
	0.145



	Dairy products
	
	
	



	Whole milk
	0.9 ± 1.6
	0.7 ± 1.3
	0.137



	low-fat milk
	0.3 ± 0.9
	0.2 ± 0.7
	0.147



	skim milk
	0.2 ± 0.7
	0.0 ± 0.3
	0.053



	Soybean products
	2.5 ± 2.6
	1.9 ± 2.0
	0.013 *



	Fats and oils
	
	
	



	Animal fat
	1.4 ± 3.1
	1.6 ± 3.3
	0.634



	Soybean oil and sunflower oil (n-6 PUFA mainly)
	5.7 ± 4.5
	6.1 ± 4.6
	0.431



	Olive oil (n-9 MUFA mainly)
	3.1 ± 3.9
	2.3 ± 3.6
	0.044 *



	Other oils
	1.4 ± 2.9
	0.7 ± 2.3
	0.031 *



	Nuts and seeds
	1.7 ± 2.7
	1.2 ± 2.1
	0.120







a Data are presented as means ± standard deviations. * Mean significant difference between diabetes mellitus (DM) and diabetic nephropathy (DN) groups was tested through independent t-tests (p < 0.05).
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Table 3. Associations between consumption of selected foods and diabetic nephropathy.
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	Food Items
	Coefficients
	SE a
	Odds Ratio
	95% CI
	p-Value





	Eggs
	
	
	
	
	



	Model 1
	−0.026
	0.077
	0.975
	0.837–1.135
	0.742



	Model 2
	−0.021
	0.082
	0.979
	0.834–1.149
	0.794



	Meat, Offal
	
	
	
	
	



	Model 1
	0.026
	0.042
	1.027
	0.946–1.114
	0.525



	Model 2
	0.066
	0.045
	1.069
	0.978–1.167
	0.142



	Marine fishes
	
	
	
	
	



	Low-fat
	
	
	
	
	



	Model 1
	−0.101
	0.051
	0.904
	0.818–0.999
	0.047 *



	Model 2
	−0.110
	0.054
	0.896
	0.807–0.995
	0.041 *



	Moderate-fat
	
	
	
	
	



	Model 1
	−0.102
	0.051
	0.903
	0.817–0.998
	0.045 *



	Model 2
	−0.098
	0.053
	0.906
	0.816–1.006
	0.064



	High-fat
	
	
	
	
	



	Model 1
	−0.132
	0.051
	0.876
	0.792–0.969
	0.010 *



	Model 2
	−0.141
	0.054
	0.868
	0.781–0.965
	0.009 *



	Freshwater fishes
	
	
	
	
	



	Model 1
	0.037
	0.055
	1.038
	0.933–1.155
	0.493



	Model 2
	0.070
	0.058
	1.072
	0.957–1.201
	0.228



	Shellfish
	
	
	
	
	



	Model 1
	−0.301
	0.118
	0.740
	0.588–0.933
	0.011 *



	Model 2
	−0.343
	0.126
	0.709
	0.554–0.908
	0.007 *



	Processed fish products
	
	
	
	
	



	Model 1
	−0.262
	0.174
	0.770
	0.547–1.083
	0.133



	Model 2
	−0.354
	0.190
	0.702
	0.483–1.018
	0.062



	Dairy products
	
	
	
	
	



	Whole milk
	
	
	
	
	



	Model 1
	−0.095
	0.082
	0.910
	0.774–1.069
	0.249



	Model 2
	−0.088
	0.086
	0.916
	0.774–1.085
	0.310



	Low-fat milk
	
	
	
	
	



	Model 1
	−0.232
	0.144
	0.793
	0.598–1.051
	0.106



	Model 2
	−0.199
	0.148
	0.820
	0.614–1.095
	0.178



	Skim milk
	
	
	
	
	



	Model 1
	−0.497
	0.264
	0.608
	0.362–1.021
	0.060



	Model 2
	−0.578
	0.289
	0.561
	0.319–0.988
	0.045 *



	Soybean products
	
	
	
	
	



	Model 1
	−0.136
	0.057
	0.873
	0.781–0.975
	0.016 *



	Model 2
	−0.112
	0.056
	0.894
	0.800–0.998
	0.046 *



	Fats/oils
	
	
	
	
	



	Animal fat
	
	
	
	
	



	Model 1
	0.012
	0.036
	1.012
	0.943–1.086
	0.747



	Model 2
	0.003
	0.038
	1.003
	0.931–1.081
	0.933



	Soybean oil and sunflower oil (n−6 PUFA mainly)
	
	
	
	
	



	Model 1
	0.026
	0.025
	1.026
	0.977–1.079
	0.304



	Model 2
	0.064
	0.053
	1.066
	0.960–1.183
	0.235



	Olive oil (n-9 MUFA mainly)
	
	
	
	
	



	Model 1
	−0.074
	0.030
	0.928
	0.875–0.985
	0.014 *



	Model 2
	−0.060
	0.032
	0.942
	0.884–1.003
	0.062



	Nuts and seeds
	
	
	
	
	



	Model 1
	−0.057
	0.049
	0.945
	0.859–1.040
	0.244



	Model 2
	−0.042
	0.051
	0.958
	0.867–1.059
	0.404







a SE, standard error of mean; OR, odds ratio; 95% CI, 95% confidence interval; Model 1, model with no adjustments; Model 2, model adjusted for diabetes duration, age, and HbA1c; * Mean significant difference, a p-value < 0.05 was considered statistically significant.
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Table 4. Dietary fatty acid consumption of participants. a
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	Variables
	DM b (n = 169)
	DN (n = 144)
	p-Value





	Total saturated fatty acids (g)
	33.8 ± 13.3
	30.1 ± 13.1
	0.016 *



	Total monounsaturated fatty acids (g)
	44.1 ± 15.7
	39.6 ± 15.8
	0.012 *



	Total polyunsaturated fatty acids (g)
	31.5 ± 10.8
	28.6 ± 11.0
	0.020 *



	Σn-6 (g) b
	22.1 ± 7.3
	20.8 ± 7.1
	0.114



	Σn-3 (g)
	7.6 ± 4.3
	6.4 ± 4.4
	0.011 *



	EPA (g)
	1.9 ± 1.4
	1.5 ± 1.3
	0.011 *



	DHA (g)
	3.7 ± 2.5
	3.0 ± 2.6
	0.023 *



	Σn-6/Σn-3 ratio
	4.1 ± 3.0
	4.9 ± 3.3
	0.038 *







a Values are presented as means ± standard deviations. b Σn-6, total amount of C18:2n-6 and C20:4n-6; Σn-3, total amount of C18:3n-3, C20:5n-3 (eicosapentaenoic acid, EPA), and C22:6n-3 (docosahexaenoic acid, DHA). * Mean significant difference between diabetes mellitus (DM) and diabetic nephropathy (DN) groups was tested through independent t-tests (p < 0.05).
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Table 5. Associations between dietary fatty acids and diabetic nephropathy.
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	Variables
	β
	S.E a
	OR
	95% CI
	p-Value





	Total saturated fatty acids
	
	
	
	
	



	Model 1
	−0.020
	0.009
	0.981
	0.964–0.998
	0.027 *



	Model 2
	−0.018
	0.009
	0.982
	0.964–1.000
	0.044 *



	Total monounsaturated fatty acids
	
	
	
	
	



	Model 1
	−0.017
	0.007
	0.983
	0.969–0.998
	0.023 *



	Model 2
	−0.015
	0.008
	0.985
	0.970–0.999
	0.042 *



	Total polyunsaturated fatty acids
	
	
	
	
	



	Model 1
	−0.022
	0.011
	0.978
	0.958–0.999
	0.039 *



	Model 2
	−0.020
	0.011
	0.981
	0.960–1.022
	0.079



	Σn-6 b
	
	
	
	
	



	Model 1
	−0.021
	0.016
	0.980
	0.949–1.011
	0.194



	Model 2
	−0.014
	0.017
	0.986
	0.954–1.018
	0.390



	Σn-3
	
	
	
	
	



	Model 1
	−0.064
	0.027
	0.938
	0.889–0.989
	0.017 *



	Model 2
	−0.065
	0.028
	0.937
	0.887–0.990
	0.021 *



	EPA
	
	
	
	
	



	Model 1
	−0.188
	0.086
	0.828
	0.699–0.981
	0.029 *



	Model 2
	−0.197
	0.090
	0.821
	0.688–0.979
	0.029 *



	DHA
	
	
	
	
	



	Model 1
	−0.098
	0.046
	0.907
	0.829–0.992
	0.033 *



	Model 2
	−1.102
	0.048
	0.903
	0.823–0.992
	0.033 *



	Σn-6/Σn-3 ratio
	
	
	
	
	



	Model 1
	0.077
	0.037
	1.080
	1.006–1.161
	0.035 *



	Model 2
	0.084
	0.038
	1.088
	1.010–1.172
	0.027 *







a SE, standard error of mean; OR, odds ratio; 95% CI, 95% confidence interval; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. b Σn-6, total amount of C18:2 n-6 and C20:4 n-6; Σn-3, total amount of C18:3 n-3, C20:5 n-3 (EPA), and C22:6 n-3 (DHA). * Significant difference between diabetes mellitus (DM) and diabetic nephropathy (DN) groups was tested through binary logistic regression (p < 0.05).
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