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Background and aims: Intake of n-3 polyunsaturated fatty acids (PUFA) is helpful for cardiometabolic health. It improves lipid metabolism, and increasing n-3 PUFA is often considered beneficial. However, the role of n-6/n-3 in the regulation of lipid metabolism has been much debated. Therefore, this study was performed on the effect of different proportions of n-6/n-3 diet on lipid metabolism, and quality of life in patients with hyperlipidemia, aiming to explore appropriate proportions of n-6/n-3 to provide the theoretical basis for the development and application of nutritional blended oil in the future.

Methods: These 75 participants were randomized and assigned into three groups, which received dietary oil with high n-6/n-3 PUFA ratios (HP group: n-6/n-3 = 7.5/1), dietary oil with middle n-6/n-3 PUFA ratios (MP group: n-6/n-3 = 2.5/1) or low n-6/n-3 PUFA ratios (LP group: n-6/n-3 = 1/2.5). All patients received dietary guidance and health education were monitored for hyperlipidemia. Anthropometric, lipid and blood glucose parameters and quality of life were assessed at baseline and 60 days after intervention.

Result: After 60 days, high-density lipoprotein cholesterol (HDL-c) level was increased (p = 0.029) and Total cholesterol (TC) level was decreased (p = 0.003) in the MP group. In the LP group, TC level was decreased (p = 0.001), TG level was decreased (p = 0.001), but HDL-c level was not significantly increased. At the end of intervention, quality of life’ score was improved in both MP and LP groups (p = 0.037).

Conclusion: Decreasing the intake of edible oil n-6/n-3 ratio can improve blood lipids and quality of life. This is significant for the prevention of cardiovascular disease (CVD). It is also essential to note that an excessive reduction of the n-6/n-3 ratio does not further improve the blood lipid metabolism. In addition, the application of perilla oil in nutritional blended oil has particular significance.

Clinical trial registration: https://www.chictr.org.cn/indexEN.html, identifier ChiCTR-2300068198.
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1. Introduction

Hyperlipidemia, also known as dyslipidemia (1, 2), is an essential risk factor leading to cardiovascular disease (CVD), including atherosclerosis and ischemic cerebrovascular accidents (3, 4). Hyperlipidemia has become one of the most common health problems in humans (5, 6), which seriously affects the quality of life of patients. Nevertheless, high-fat diets are commonly regarded as contributing factors to excess body fat accumulation. Moreover, excessive fat intake, particularly when derived from saturated fatty acids (SFAs), has been linked to an elevated risk of obesity and hyperlipidemia.

Dietary fats encompass a diverse array of fatty acids (FA), derived from various sources, each exhibiting distinct chemical structures and biological functions (7, 8). Numerous studies have demonstrated that dietary polyunsaturated fatty acids (PUFA) intake is associated with positive effects on obesity and CVD (9, 10). Among PUFAs, n-3 PUFAs and n-6 PUFAs play particularly significant biological roles. N-3 PUFAs including docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), alpha-linolenic acid (ALA), possess neuroprotective properties, reduce the expression of eicosane, pro-inflammatory factors, modulate other inflammatory mediators, and suppress inflammatory responses (14–16). Primary sources of ALA include perilla and flaxseed oils. Prior research has indicated that n-3 PUFA-rich foods or n-3 supplements can decrease body weight and mitigate the risk of CVD stemming from dyslipidemia, such as coronary atherosclerosis (11–13). However, it has also been reported that no improvement in disease risk with n-3 PUFA intake (14, 15). N-6 PUFAs, primarily composed of linoleic acid (LA) and arachidonic acid (AA), can be found in edible oils like peanut oil and soybean oil, as well as animal-derived foods. As an EPA precursor, LA facilitates inflammatory processes and stimulates immune responses, thereby exacerbating inflammatory damage (16). Research on n-6 PUFAs has shown that their consumption in a typical diet reduces both good and bad cholesterol levels. Furthermore, n-6 and n-3 PUFAs cannot be interconverted within the body. These PUFAs compete for desaturase and carbon-chain elongase, with the conversion of LA to AA, and ALA to EPA and DHA mediated by desaturation and elongation reactions. An increase in one type of PUFA intake results in a decreased in the synthesis of the other PUFA in the body (17). An imbalance in the dietary n-6/n-3 PUFA ratio can leads to chronic low-grade inflammatory responses, promoting inflammation (18). The development of dyslipidemia or CVD is associated with inflammation. Thus, emphasizing an importance of maintaining an optimal n-6 and n-3 PUFA ratio for overall health (19).

Dietary therapy, as an effective alternative measure to control dyslipidemia, is currently attracting increasing attention from experts and scholars, including the use of dietary oils (20, 21). Studies of dietary intervention clinical trials focusing on hypercholesterolemic subjects revealed that plasma triglycerides (TG) may be reduced through n-3 PUFA and supplementation or used the oil blend with the higher concentration of n-3 PUFA, while also exhibiting a trend toward decreased total and LDL cholesterol (LDL-c) (22). This highlights the significance of n-3 PUFAs in reducing the risk of CVD, as extensively investigated in previous research (15). Perilla frutescens (L.) Britt. (PF) is a prominent oilseed crop utilized as a source of edible vegetable oil, traditionally considered a health food in Asian countries such as Korea, China, and Japan (23, 24). In comparison to other edible vegetable oils, perilla seed oil (PO) is primarily consists of PUFA (76 ~ 93%), ALA(57 ~ 62%) and LA(14 ~ 18%) (25), with ALA, an essential n-3 PUFA, being the most abundant (26). Past studies have demonstrated that perilla oil exhibits beneficial effects on weight loss, decreased fat mass (FM) reduction, waist circumference (WC) reduction, and appetite responses is improvement, and lipid profile enhancement (27, 28). Consequently, the properties of perilla oil have been suggested for use in the treatment and prevention of obesity (29).

We hypothesized that a reduced n-6/n-3 PUFA ratio might mitigate some of the detrimental effects of dyslipidemia on cardiovascular function. Therefore, the aim of this study was to evaluate the effects of n-6/n-3 PUFA plant blend oils prepared with different proportions of soybean oil and perilla oil on body weight, blood lipids and blood glucose in middle-aged and older patients with hyperlipidemia.



2. Materials and methods


2.1. Subjects and study design

This study was a double-blind, randomized, placebo-controlled trial conducted in the Third Affiliated Hospital of Nantong University (later renamed the Affiliated Hospital of Jiangnan University) from April 2022 to October 2022 for 6 months. This trial was approved by the Ethics Committee of the Affiliated Hospital of Jiangnan University (ID: LS2021010) and registered in the Chinese Clinical Trial Registry with registration (ChiCTR-2,300,068,198). Written informed consent was obtained from all participants by completing a consent form before the intervention.

Seventy-five hyperlipidemic patients, with body mass index (BMI) between 28 and 34.9 kg/m2, aged 45 to 75 years, diagnosed with dyslipidemia and met any of the following criteria: TC ≥ 6.2 mmol/L, TG ≥ 2.3 mmol/L, HDL-c < 1.0 mmol/L, LDL-c ≥ 4.1 mmol/L. Furthermore, without a diagnosis of neurological, malignant hypertension, cancer or gastrointestinal disease, unrestricted diet, and no use of dietary supplements, herbal medicines, or lipid-lowering drugs in the last 2 months. Subjects with poor compliance or protocol violation or unwillingness to continue the clinical trial were asked to withdraw from this study. In the end, seventy-one participants were eligible and decided to participate in this study and completed. All subjects were randomly assigned to the control group (HP group) and the experimental groups (MP group, LP group) at a ratio of 1:1:1. The demographic data of all subjects were recorded after enrollment, including gender, age, disease history, medication, and lifestyle. Anthropometric data were collected, including BMI, waist circumference (WC), hip circumference (HC), waist-hip ratio (WHR), etc. Based on previous studies (30), we calculated the sample size based on the primary outcome. Considering 20% drop-out and nonadherence, a total of 75 study subjects were required for the HP, MP, and LP groups at a 1:1:1 ratio. All eligible participants were asked to complete a 3-day dietary record and maintain physical activity. Dietitians questioned and recorded the participants’ diets during the first 3 days of the formal experiment. Refer to the Chinese food composition table’s standard edition to better understand the participants’ diets. At the first enrollment, volunteers arrived at the Affiliated Hospital of Jiangnan University after a 12-h fast for blood collection and anthropometric assessment. Participants who met the diagnostic criteria of dyslipidemia were enrolled in the study and were given the corresponding cooking oil according to the random sequence. Participants were asked to replace the daily cooking oil at home and use perilla oil for cooking every day. The amount of oil used per person was 25 g per day, and they followed the prescribed dietary plan for 60 days.

The clinical trial was double-blinded because neither the subjects nor researchers knew which group every subject was assigned to, and the grouping of all subjects was unblinded by a statistician after they had completed their experiment. In the middle of the trial, volunteers were given oil for the next stage. Intervention adherence was assessed by perilla oil use diary.



2.2. Intervention

In this part, the study intervention will be described in detail. All participants were randomly assigned (allocation ratio: 1:1:1) to groups HP, MP and LP. In both the control and experimental groups, we administered the oil at a dose of 25 g per day, and all subjects received the same dose of oil. In the HP group, subjects received soybean oil, while the MP and LP groups received perilla blend oil with n-6/n-3 = 2.5/1 and n-6/n-3 = 1/2.5, respectively (Tables 1, 2). The duration of the intervention was 60 days. The soybean oil used in the study was extracted from soybeans and produced by the Huanan Nongshengyuan Food Co., Ltd. of China Longjiang Forest Industry General Company. Perilla oil was extracted from perilla seed and supplied by the Huanan Nongshengyuan Food Co., Ltd. of China Longjiang Forest Industry General Company. Both oils were cold-pressed and stored in identical black bottles. Both oils were kept in the shade according to the manufacturer’s instructions. During the intervention, participants were instructed to not change their dietary habits and physical activity. Importantly, the doses of applied oils were exchanged for the same amount of oil used in the diet. Therefore, the energy contents of the diet did not change during the intervention. Moreover, during the intervention, subjects were supervised over the telephone by the nutritionist to check compliance with the study protocol, especially regular administration of the appropriate oil. To verify adherence to the study protocol, participants were instructed to regularly return empty oil bottles to the research team. No deviation from the study protocol was noted.



TABLE 1 Qualitative analysis of fatty acids in perilla oil and soybean oil.
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TABLE 2 Ratio of soybean oil to perilla oil.
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In addition, health education for patients by endocrinology nurses, mainly including improving the understanding of dyslipidemia, correcting misconceptions about the cause of illness (i.e., providing information about the nature of the disease and that dyslipidemia is multifactorial, has multiple effects, and is often related to genetics and poor daily living habits), and reducing their fear of hyperlipidemia and its complications. Telephone-based Health follow-up service, asked about participant’s daily, weekly, and monthly oil consumption, and received telephone guidance on daily living and exercise.



2.3. Anthropometric evaluation

Anthropometry and body weight was measured by an electronic weight scale with 150 kg of capacity and 100 g of precision, and height was measured by a vertical rangefinder measured height. Both variables were used to calculate BMI. WC was measured at the midpoint between the last rib and the top edge of the iliac crest, and HC was measured in the largest area of the hip to evaluate the WHR. WC higher than 102 cm was considered a risk of metabolic complications associated with obesity, and WHR higher than 0.90 was considered a cardiovascular risk. According to the principle that different biological tissues and organs have different electrical properties. Body fat measuring instrument (Biospace Inbody270, Biospace Corporation, Korea) is used to measure the resistance of different parts of the human body. The composition information of the corresponding parts is analyzed, such as fat, muscle mass, protein, inorganic salts, water, and so on.



2.4. Biochemical evaluation

The primary outcome of lipid change was measured before and after the intervention. Lipid metabolism indicators included total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-c), and low-density lipoprotein cholesterol (LDL-c). Secondary outcomes included changes in fasting plasma glucose (FBG) and uric acid level (UA). The above indicators were tested by an automatic biochemical analyzer (Beckman Coulter au680; Beckman Coulter Corporation, America).



2.5. Quality of life measurement

The MOS 36-Item Short Form Health Survey (SF-36) was used to measure the improvement of the quality of life of the study subjects. SF-36 is a concise health questionnaire developed by the Boston Institute of Health Research (31). It is widely used in the measurement of quality of life in the general population, the evaluation of clinical trials, and the evaluation of health policies. As a simple health questionnaire, SF-36 comprehensively summarizes the quality of life of the respondents from eight aspects: physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, and mental health. In addition to the eight components of the SF-36, a health change measure was also included to assess the overall change in health status over the past year (32). The SF-36 scale has good reliability and validity, and its application range is wide, which is suitable for the evaluation of the health level of Chinese residents.



2.6. Statistical analysis

Statistical analysis was performed using SPSS software version 26.0 (SPSS Inc., Chicago, IL, USA), considering significant p < 0.05. Shapiro Wilks (normally). Test was performed to evaluate the distribution of the variables. Differences among the three tested groups at baseline and at the end of the study were assessed by one-way ANOVA test or Kruskal-Wallis test. When within-group comparison before and after intervention and between-group comparison, the distribution was normal being used the Student’s t test and non-normal being used the Wilcoxon or Mann–Whitney test. Quality of life scales were analyzed by covariance analysis.




3. Results


3.1. Study population

The participant flowchart is presented in Figure 1. During the intervention period, two participants dropped out of the HP group, one out of the MP group and one out of the LP group. Finally, a total of 71 patients with hyperlipidemia completed the study.

[image: Figure 1]

FIGURE 1
 Flow-diagram of volunteers of the study. HP group: High proportion of n6/n3 group (n6/n3 = 7.5/1). MP group: Middle proportion of n6/n3 group (n6/n3 = 2.5/1). LP group: Low proportion of n6/n3 group (n6/n3 = 1/2.5).




3.2. Anthropometric evaluation

The baseline characteristics are presented in Table 3. All parameters of participants were similar between the three groups at baseline. Diet with a lower n-6/n-3 PUFA ratio did not change body fat or WHR of the participants after intervention. Body weight and BMI decreased in three groups, as shown in Table 3. The delta values of body weight and BMI of each group were summarized as follow: Δ Body weight-HP group: −0.93 ± 4.44, MP group: −1.44 ± 3.97, LP group: −2.84 ± 5.88, p = 0.376; Δ BMI-HP group: −0.34 ± 1.9, MP group: −0.57 ± 1.53, LP group: −1.12 ± 2.36, p = 0.386).



TABLE 3 Baseline characteristics of study participants.
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3.3. Blood lipid parameters

There were significant differences in the mean values for partial outcomes between groups at the end of the dietary intervention (Table 4). The dietary intervention with perilla oil treatment was effective in improving the serum levels of TC (p = 0.002) and TG (p = 0.006). A declining trend was observed for LDL-c levels in the MP group and LP group, although the difference was not significant.



TABLE 4 Multiple comparisons of the mean values at the end of follow up in all intervention groups in individuals with patients.
[image: Table4]

The results of the three groups before and after intervention were shown in Table 5. After the end of the intervention, HDL-c levels in the MP group increased from 1.313 to 1.500 mmol/L (p = 0.029). The difference in the TC, TG and LDL-c levels before and after intervention was statistically significant (p < 0.05, paired T-test). LP group showed decreased TC levels (6.711 ± 1.104 vs. 5.843 ± 0.596, p = 0.001) and TG: (2.332 ± 0.737 vs. 1.741 ± 0.617, p = 0.001) with no change in HDL levels before and after intervention. In addition, as shown in Table 5, all differences of ΔTC, ΔTG and ΔHDL-c between the three groups were statistically significant (ΔTC: p = 0.023, ΔTG: p = 0.003, ΔHDL-c: p = 0.002). Despite not being statistically significant, a clear reduction in LDL-c in HP and LP group were observed: ΔLDL-c = −0.171 ± 0.395 (HP group) and ΔLDL-c = −0.230 ± 0.888 (LP group).



TABLE 5 Multiple comparisons of the mean values at the end of follow up in all intervention groups in individuals with patients.
[image: Table5]



3.4. The SF-36 quality of life score

Quality of life scores among the three groups before and after intervention were shown in Table 6. Perilla oil intervention had significantly different effects on vitality scores (HP vs. MP vs. LP): (66.09 ± 9.648 vs.69.17 ± 7.470 vs. 68.96 ± 7.799, p = 0.008) and the total scores (68.841 ± 4.586 vs. 70.613 ± 4.817 vs. 71.277 ± 4.195, p = 0.037) had significant difference. After the intervention, the MP group’s scores had significant differences in vitality, social functioning, and total score compared with pre-intervention (VT: 63.13 ± 9.066 vs. 69.17 ± 7.470, p = 0.001, SF: 69.29 ± 11.686 vs. 2.96 ± 9.720, p = 0.029, Total score: 67.034 ± 6.899 vs. 70.613 ± 4.817, p = 0.009). Additionally, the scores of LP group had significant differences in role-physical, role-emotional, mental health, and total score compared with pre-intervention (RP: 61.46 ± 28.532 vs. 69.79 ± 20.824, p = 0.029, VT: 61.67 ± 8.427 vs. 68.96 ± 7.799, p = 0.000, MH: 60.67 ± 10.277 vs. 64.42 ± 10.450, p = 0.001, Total score:67.411 ± 6.283 vs.71.277 ± 4.195, p = 0.001).



TABLE 6 Quality of life scores among the three groups before and after the intervention.
[image: Table6]




4. Discussion

Hyperlipidemia, a significant causal risk factor for CVD, is a chronic condition linked to metabolic complications (33). Effective interventions are crucial for treating and preventing dyslipidemia and its associated complications (34). Dietary intervention is regarded as an efficacious and safe treatment approach. In this context, we examined the hypothesis that a diet with a lower n-6/n-3 ratio would promote weight loss and improved lipid levels. Our finding revealed that the diet characterized by a reduced n-6/n-3 ratio led to increased HDL-c level and decreased TC, TG and LDL-c levels in hyperlipidemic patients. In the present study, we observed a decrease in LDL level in the MP group, while HDL levels increased following perilla oil consumption. Elevated HDL levels facilitate the reverse transport of cholesterol from peripheral tissues to the liver for more efficient utilization. As PUFAs intake increases, there is a corresponding rise in HDL synthesis to facilitate this reverse transport. Although limited evidence has suggested that LA may contributes to weight control, our study does not support this claim. The primary outcomes assessed were body weight, blood lipids and BMI, which significantly influence obesity. However, in our study, there was no effect on body weight and BMI were observed. This lack of effect may be due to the possibility that excessive doses of linolenic acid could significantly impact appetite, leading to higher calorie intake, which would be counter-productive for weight management.

To the best of our knowledge, this study represents the first randomized controlled trial that compares the efficacy of two distinct lower n-6/n-3 interventions, i.e., 1/2.5 and 2.5/1, in hyperlipidemic patients as a means to regulate lipid metabolism in this population. In our investigation, we compared MP group with LP group in pairs. Notably, the improvement within blood lipids in the LP group did not become more pronounced as the n-6/n-3 ratio decreased when compared to the enhancement observed in the MP group. No significant differences emerged in blood lipid parameters between the MP and LP groups. Serum TC, TG, and LDL levels were decreased in the MP group, while the favorable HDL level increased. Previous research has similarly reported that a lower n-6/n-3 PUFA ratio is not necessarily superior (35) and that the “optimal ratio” of LA and ALA may not represent the most accurate measure of PUFA balance (36). It has been suggested that PUFAs is intake is more effective means of achieving dietary n-6 and n-3 PUFAs balance than simply focusing on proportions (37). The World Health Organization (WHO) also posits that, provided unsaturated fatty acids (USFA) fall within the recommended range, there are no well-founded recommendations for the n-6 to n-3 PUFA or LA to ALA ratios (38). In this context, individual doses of n-6 and n-3 PUFAs should be carefully considered alongside their proportions. In conclusion, both the MP and LP groups demonstrated improved lipid levels, and reducing the n6/n3 ratio proved beneficial for enhancing cardiometabolic health and decreasing the risk of CVD.

To ensure that participants adhered to the required daily cooking oil consumption, we supplied them with specialized oil pots featuring clearly marked scales. This facilitated facilitate control over the quantity of oil utilized during cooking and provide participants with a clear understanding of their daily oil usage, which is a distinguishing aspect of our trial. Furthermore, we acknowledge that prior studies needed to address the impact of individual compliance on experimental outcomes, as they were population-based investigations. Thus, enhance participant compliance during the intervention phase of our trial, we conducted weekly telephone follow-ups while allowing for unrestricted eating. Health education was provided to inform the patients about disease-related knowledge, such as dietary precautions, and to understand their daily eating habits. However, we did not impose restrictions on participants’ energy intake or food types were not restricted. Regular follow-ups and health guidance ensured participants’ compliance, rendering the regulatory effects of n-3 PUFA on blood lipids and body weight more persuasive.

It is important to note that our evaluation of quality of life serves as a reliable indicator of lipid-regulating therapy efficacy in hyperlipidemic patients, and holds significant value in guiding subsequent treatment. We employed the SF-36 quality of life scale to assess changes in participants’ physical function, bodily pain, social function, and other aspects before and after the intervention. Our findings revealed no differences in scores across all p aspects among participants prior to the intervention. However, following the 2-month perilla oil intervention significant between-group differences in energy and total score were observed in the experimental group. In both the MP and LP groups, scores for physical function, vitality, social function, and mental health were significantly improved after the intervention. A possible explanation is that reducing the n-6/n-3 ratio can enhance patients’ blood lipid levels, regulate neurological function and mood, and mitigate the detrimental effects of negative emotions on the disease. Consequently, the quality of life scores for the MP and LP groups improved post- intervention. Other studies have also shown that change dietary changes can reduced blood lipids and body weight while improving mood in hyperlipidemic patients. Although this study did not involve a comprehensive dietary pattern in this study, the rich linolenic acid in perilla oil increased the intake of n-3 PUFAs intake and adjusted the proportion of dietary fatty acids in the diet, further substantiating the aforementioned conclusions.

Oil is a fundamental component of the diet, with its nutritional value determined by both the quantity of oil consumed and the composition of FAs within it. The edible mixed oils, created by blending various fats in specific proportions, address the limitations of single-source fats, which may lack certain nutritional elements. Mixed oils not only satisfy the body’s requirement for various fatty acids but also enhance the flavor of fats. Different fats contain distinct fatty acids, with varying ratios of SFA, monounsaturated fatty acids (MUFA), and PUFA, which impact their nutritional effects. Research has demonstrated that soybean oil is abundant in PUFAs and phytosterols, which can lower blood lipids and protect against cardiovascular and cerebrovascular diseases. However, the insufficient oleic acid content in soybean oil leads to an imperfect nutritional profile. Flaxseed oil, vegetable oil, is rich in n-3 PUFA components and vitamin E, offering antioxidant, anti-inflammatory, and anti-cancer properties. Additionally, flaxseed oil shows considerable potential in preventing CVD and treating diabetes and neurological disorders. Since single-oil nutrition is inadequate to meet the demand for nutritious and healthy oil, a more balanced fatty acid composition is needed for cooking oil. Notably, the distinct fishy taste of deep-sea fish oil can negatively affect the flavor of cooking oil, while flaxseed oil, another vegetable oil, also contains ample n-3 PUFA. Consequently, in this study utilized soybean oil and ALA-rich perilla oil as base oils to prepare the relevant oils. Our findings revealed that both the MP and LP groups experienced similar improvements in blood lipids and quality of life. However, the LP group required more perilla oil, resulting in higher production costs compared to the MP group, potentially posing a financial burden for consumers seeking to increase their ALA intake. Furthermore, the greater perilla oil content in the LP group influenced its flavor and taste. This research can serve as a theoretical foundation for the development and application of nutritionally balanced oil blends.



5. Conclusion

Adopting a dietary habit with a lower n-6/n-3 ratio dietary habit positively impacts lipid parameters and quality of life for individuals with hyperlipidemia. Furthermore, it has the potential to enhances patients’ cardiometabolic health and provides protection against CVD. Importantly, excessively reducing the n6/n3 ratio does not lead to additional improvements in blood lipids. These findings reveal an alternative approach for reducing total cholesterol and triglycerides while simultaneously increasing HDL-c level. To substantiate the results of this study, further research involving larger samples is required. Moreover, a deeper exploration of the mechanisms by which different n-6/n-3 ratios influence lipid regulation would be an intriguing subject for future investigations.
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