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Background: Death in dyslipidemia is a significant health problem, dietary intervention plays an 
important role in this context. Objective: Our study investigated the association between dietary 
patterns and all-cause mortality in individuals with dyslipidemia. This will lay a foundation for the 
relevant departments to develop more precise and targeted dietary strategies and help high-risk 
people with early prevention by adjusting their dietary patterns, which may reduce their mortality and 
reduce the medical burden. Methods: This study included 5369 participants. Factor analysis identified 
distinct dietary patterns, each categorized into tertiles based on factor scores: low, medium, and 
high. Cox proportional hazards regression models were estimated the hazard ratios (HRs) and 95% 
confidence intervals (95% CIs) for the association between dietary patterns and all-cause mortality in 
individuals with dyslipidemia. Results: Over a median follow-up of 12.61 years, 365 deaths occurred 
among the 5369 participants. Four primary dietary patterns were identified. We found that compared 
to the lowest tertile, the highest tertile of the equilibrium pattern (HR=0.740, 95%CI: 0.565~0.969) 
and the aquatic products and poultry high loadings pattern (HR=0.757, 95%CI: 0.575~0.997) were 
negatively correlated with all-cause mortality. Conversely, the grain-tuber and vegetables high 
loadings pattern (HR=1.338, 95%CI: 1.031~1.737) was positively correlated with all-cause mortality. 
The oil and salt high loadings pattern (HR=0.973, 95%CI: 0.747~1.268) was not statistically significant. 
Conclusions: The equilibrium pattern and the aquatic products and poultry high loadings pattern 
were linked to a lower risk of all-cause mortality among individuals with dyslipidemia, whereas the 
grain-tuber and vegetables high loadings pattern was linked to a higher risk. The results implying that 
adopting appropriate dietary pattern could provide survival benefit for individuals with dyslipidemia. 
However, this study has only considered dietary intake at baseline, and future research should consider 
the dynamic changes in dietary habits over time.
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Dyslipidemia is characterized by elevated levels of triglycerides (TG), low-density lipoprotein cholesterol 
(LDL-C), total cholesterol (TC), or decreased levels of high-density lipoprotein cholesterol (HDL-C)1,2. It is a 
multifactorial disease commonly caused by age, genetics, physical activity, current smoking, alcohol consumption 
and diet3,4. In 2019, a global survey revealed that dyslipidemia caused approximately 98.62 million disabilities 
and 4.4 million deaths which imposed a vast medical burden2. A study demonstrated that a 10% decrease in all-
cause mortality was associated with a 1 mmo1/L drop in LDL-C following statin therapy in a population with 
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varying risk stratification for atherosclerotic cardiovascular disease (ASCVD)5. A meta-analysis of the association 
between HDL-C and all-cause mortality showed that both higher and lower HDL-C levels could significantly 
increase the risk of all-cause mortality, demonstrating a J-shaped association6. Abnormal cholesterol levels may 
increase the risk of both cause-specific and all-cause mortality according to these researches.

In Western countries, the main types of dyslipidemia are high TC and high LDL-C, and the main types of 
dyslipidemia in Chinese adults are low HDL-C and high TG7. This difference may be related to the low dietary 
fat and cholesterol intake of the Chinese residents. Unreasonable diet is prone to a variety of chronic diseases 
such as metabolic syndrome, cardiovascular disease, cancer and death8,9. Cumulative evidence indicates that 
dietary interventions represent one of the most effective strategies to prevent the risk factors of dyslipidemia10, 
and targeted shifts to healthier diets could prevent a significant proportion of chronic disease deaths11,12. 
Previous studies often focused on single nutrients or food groups13,14, which may not fully capture the complex 
interactions in dietary habits. Therefore, analyzing dietary patterns as a whole has become increasingly important 
in understanding their impact on health outcomes15. Dietary patterns refer to the amount, proportion, type, or 
blend of various foods, drinks, and nutrients in a diet, as well as the frequency of their consumption16. Evidently, 
the analysis of dietary patterns provides a more comprehensive understanding of the association between diet 
and disease than focusing on a single nutrient or food group17. Dietary patterns are various due to different 
eating habits in different countries. Rice and wheat are the common staples in China. Some people tend to adopt 
the traditional Chinese dietary patterns when choosing, which focuses on the combination of grains, vegetables, 
fruits and meat18. With the development of globalization, some western dietary patterns are gradually introduced 
and accepted, such as high energy, high fat fast food patterns19. Previous studies have found that healthy dietary 
patterns decrease the risk of all-cause mortality in the older18 and the female20. However, it is worth noting what 
effects of dietary patterns on all-cause mortality in individuals with dyslipidemia is unclear.

Therefore, we hypothesize that there might be a specific association between different dietary patterns and 
all-cause mortality in individuals with dyslipidemia. Our study explored the specific association by obtaining 
participants’ death information through about 13 years of follow-up. Our ultimate goal is to identify low-risk 
dietary patterns for dyslipidemia so as to reduce the possibility of death and improve overall survival benefit.

Methods
Study design and participants
This study utilized data from the Guizhou Population Health Cohort Study (GPHCS) which was established in 
2010. A total of 9280 permanent residents aged ≥ 18 years were selected from 12 districts (counties) using multi-
stage random cluster sampling for baseline investigation. All participants were followed up twice, in 2016–2020 
and 2023, with the outcome of this study derived from the second follow-up. Dyslipidemia was defined as a 
self-reported diagnosis by a doctor or the use of lipid-lowering medications. According to the Chinese Adult 
Dyslipidemia Prevention and Treatment Guidelines (Revised Edition 2016), the criteria for dyslipidemia are 
TC ≥ 6.2 mmol/L, TG ≥ 2.3 mmol/L, LDL-C ≥ 4.1 mmol/L, or HDL-C < 1.0 mmol/L21. We excluded participants 
who were lost to follow-up or lacked clear outcome information that had a total of 5369 participants were 
included in the final analysis (Fig. 1). This study was approved by the Ethics Committee of the Guizhou Center 
for Disease Control and Prevention (No. : S2017-02), and all participants provided informed consent.

Data collection
Participant information was collected using the Chinese Chronic Disease Surveillance (2010) personal 
questionnaire designed by the Chinese Center for Disease Control and Prevention, including general 
sociodemographic characteristics (gender, age, marital status, educational levels, etc.), lifestyle factors (current 
smoking, harmful drinking, total activity, etc.), health status (history of hypertension, chronic obstructive 
pulmonary disease, etc.), and dietary information. Physical examinations included height, weight, blood pressure, 
and other parameters of all participants, and the blood biochemical indexes included TC, TG, LDL-C, HDL-C. 
All the medical staff involved in the survey in this study were uniformly trained and passed the assessment.

Assessment of dietary patterns
The dietary survey employed a semi-quantitative food frequency questionnaire (FFQ) from the Chinese Chronic 
Disease Surveillance (2010) individual questionnaire. At baseline, our study assessed the frequency (never, 
daily, weekly, monthly and annual) and average amount per consumption (in “liang” or “cups (250 ml)”) of 11 
types of food items, including grain-tuber products (rice, wheat, potatoes, sweet potatoes, etc.), pork, poultry 
meats (chicken, duck, geese, etc.), aquatic products (fish, shrimp, etc.), fresh vegetables, fresh fruits, eggs, bean 
products, dairy products, pastries, and fried foods over the past 12 months. We also assessed the consumption 
of cooking oil and salt in the past 30 days using the household questionnaire of Chronic Disease and Nutrition 
Monitoring in Guizhou Province, and then converted these into the daily intake of cooking oil or salt per person 
according to the number of family dinners. A total of 13 food groups were included. To obtain the dietary 
patterns of the participants, we used factor analysis to reduce the dimensionality of food; the Kaiser-Meyer-
Olkin test (KMO > 0.50) and Bartlett’s test of sphericity (P < 0.05) indicated that the factor analysis was suitable22. 
We extracted the number of factors based on eigenvalues > 1.0 and the scree plot, if the absolute rotated factor 
loading ≥ 0.40, it is the characteristic food in this pattern, and the pattern is named according to these foods18. 
Each pattern was divided into three groups by tertiles of factor scores: low, medium, and high, with higher factor 
scores indicating greater adherence to that pattern.

Outcomes
The primary outcome was all-cause mortality. Death information of the participants was obtained by contacting 
the family members of deceased. In other hand, the cause and time of death were traced through the death 
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registration information system of Guizhou Province and the essential public health service system if the family 
members could not be contacted18. The follow-up data of participants was censored at the time of death, loss 
to follow-up, or at the end of the follow-up period. Survival time was defined as the period from the date of the 
baseline survey to the date of death from any cause or the end of follow-up23. Follow-up data of this study were 
available until August 2023, with a maximum duration of approximately 13 years.

Other covariates
According to the definition by the International Expert Committee, diabetes mellitus was diagnosed as fasting 
plasma glucose (FPG) ≥ 7.0 mmol/L, 75  g oral glucose tolerance test (OGTT) ≥ 11.1 mmol/L, or being on 
hypoglycemic therapy24. Hypertension was defined as systolic blood pressure (SBP) ≥ 140 mmHg, diastolic blood 
pressure (DBP) ≥ 90 mmHg, or self-reported use of anti-hypertensive medications25. Cardio-cerebrovascular 
disease (CVD) was defined as a self-reported diagnosis of CVD by a doctor or the underlying cause of death 
being myocardial infarction/cerebral haemorrhage/cerebral infarction. Daily smoking was defined as being 
smoked daily at the time of the survey. Dangerous drinking was defined as an average daily alcohol intake 
of ≥ 41 g and < 61 g in male drinkers, and ≥ 21 g and < 41 g for female drinkers26. Obesity was defined as a 
body mass index (BMI) ≥ 28 kg/ m2 27. Marital status was categorized as single, married/cohabiting, divorced/
widowed/separated, or others. Educational levels were categorized as junior high school and below, senior high 
school/technical school, and junior college and above. Habitation was categorized as urban and rural.

Statistical analysis
Data analysis and visualization were conducted using SPSS 26.0 and R 4.3.0. Measurement data not following 
the normal distribution were expressed as the median (quartile range) and enumeration data were expressed 
as frequency (constituent ratio). In the General sociodemographic characteristics, comparisons between 
groups were performed using the Mann-Whitney U test or the chi-square test. In the distribution of baseline 
characteristics of different dietary patterns, comparisons between groups were performed using the Kruskal-
Wallis H test or the chi-square test. We used Schoenfeld residuals to examine the proportional hazards assumption 
and the main variables’ compliance with the proportional hypothesis (P > 0.05). Multivariate Cox proportional 
hazards regression models were used to analyze the association between dietary patterns and mortality in 
individuals with dyslipidemia, with survival time and outcomes (death or survival) as dependent variables and 
tertiles of factor scores as covariates. Confounders such as gender, age, marital status, daily smoking, dangerous 
drinking, sleep, hypertension, diabetes, CVD, chronic obstructive pulmonary disease (COPD), asthma, obesity, 
educational levels, taking lipid-lowering medications, total activity, TC, and LDL-C were adjusted and controlled 
as covariates. Collinearity between the covariates was weak (VIF < 5, tolerance close to 1). For the key variable of 
average daily intake of food groups, the missing values were treated by the mean-filling method; other covariates 
were not processed due to the small number of missing values. The P value of trend tests was calculated by 
including the median score of each pattern tertile as a continuous variable in the models28. Sensitivity analysis was 

Fig. 1.  The flowchart of this study.
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performed excluding those who were followed up for less than 2 person-years, or were diagnosed with malignant 
tumors at baseline. All statistical tests were two-sided and P < 0.05 was defined as statistically significant.

Results
General characteristics
Among the 5369 participants, 52.8% were female; 78.7% were married/cohabiting; 69.5% lived in rural areas 
and 84.7% had an educational level of junior high school or below. There were a total of 365 deaths during the 
follow-up period. Statistically significant differences were observed between the death group and the survival 
group in terms of gender, age, marital status, daily smoking, sleep, hypertension, diabetes, CVD, COPD, asthma, 
educational levels, total activity, TC and LDL-C (P < 0.05), as shown in Table 1.

Classification of dietary patterns
The factor analysis results showed that the KMO test statistic was 0.641(> 0.50) and the P value of the Bartlett 
test was < 0.001. We extracted four dietary patterns: the equilibrium pattern, which primarily consisted of fresh 
fruits, eggs, bean products, dairy products and pastries; the oil and salt high loadings pattern, which primarily 
consisted of cooking oil and salt; the grain-tuber and vegetables high loadings pattern, which primarily consisted 
of grain-tuber products (rice, wheat, potatoes, sweet potatoes, etc.) and fresh vegetables; and the aquatic products 
and poultry high loadings pattern, which primarily consisted of poultry meat (chicken, duck, geese, etc.) and 
aquatic products (fish, shrimp, etc.). The variance contribution rates of the four dietary patterns were 13.20%, 
10.45%, 10.41%, and 9.98%; cumulatively, 44.04% of the total variation was explained. The sizes of factor loading 
for each food group in the four dietary pattern are shown in Fig. 2.

Distribution of dietary patterns
In the equilibrium pattern, there were differences in gender, marital status, hypertension, etc. In the oil and 
salt high loadings pattern, there were differences in dangerous drinking, educational levels, etc.; In the grain-
tuber and vegetables high loadings pattern, there were differences in gender, daily smoking, etc.; In the aquatic 
products and poultry high loadings pattern, there were differences in age, sleep, etc. Age, educational levels, TC, 
and LDL-C showed differences across the four dietary patterns. The details are shown in Table 2.

Longitudinal association of dietary patterns and all-cause mortality
In the fully adjusted model, we found that compared to the lowest tertile, the highest tertile of the equilibrium 
pattern and the aquatic products and poultry high loadings pattern were associated with a lower risk of all-
cause mortality; the grain-tuber and vegetables high loadings pattern was associated with a higher risk of all-
cause mortality; the oil and salt high loadings pattern showed no statistical significance either before or after 
adjustment. And known from the trend test of model 3, those patterns were all statistically significant except the 
oil and salt high loadings pattern(Table 3). The risk of all-cause mortality in individuals with dyslipidemia also 
decreased/increased as the factor scores increased(Ptrend <0.05).

Sensitivity analysis
We conducted sensitivity analyses for the model 3 and obtained results similar to the risk analysis above, which 
were robust and reliable (Fig. 3).

Discussion
This long-term prospective cohort study enhanced the understanding of dietary patterns and all-cause mortality 
in individuals with dyslipidemia. We found that participants with a higher adherence to the equilibrium 
pattern and the aquatic products and poultry high loadings pattern had 26.0% and 24.3% lower risks of all-
cause mortality, respectively, while the grain-tuber and vegetables high loadings pattern was associated with a 
33.8% higher risk of all-cause mortality. In contrast, the oil and salt high loadings pattern was not statistically 
significant. Therefore, it is important to take action regarding appropriate dietary patterns for individuals with 
dyslipidemia to diminish mortality risk.

Diet is a direct factor affecting the status of blood lipids29, and it remains relatively stable over a long period30. 
Adjusting dietary structure is usually the most economical, practical, and acceptable way to reduce the risk of 
all-cause mortality in individuals with dyslipidemia. The “equilibrium pattern” in our study corresponded to 
a healthy pattern which included fresh fruits, eggs, soy products, dairy products, and pastries. In the general 
population, previous studies have found vegetables, fruits, fish, low-fat dairy products, poultry, beans, olive oil, 
and nuts are common components of a healthy diet, which are negatively correlated with the risk of coronary 
heart disease, CVD mortality and all-cause mortality31. Probably, vegetables and fruits are rich in dietary fiber, 
vitamins, polyphenols and other bioactive substances that benefit health. Moreover, dairy products are rich 
in minerals such as calcium and potassium, and eggs contain unsaturated fatty acids and lecithin, which can 
effectively reduce TG levels and increase HDL-C levels. Bean products are rich in isoflavones which are involved 
in the regulation of cholesterol homeostasis32,33 and might change the blood lipid profile of the body, thus reducing 
the risk of mortality in individuals with dyslipidemia. For the public, dietary patterns that include grains and 
vegetables are associated with a reduced risk of all-cause mortality16,34. However, the opposite effect was found 
in our study. The “grain-tuber and vegetables high loadings pattern” was similar to the high carbohydrate pattern 
because of the high carbohydrate content of cereals and the high starch content of tubers, carbohydrates account 
for more than 50% of daily energy intake, therefore, the quality and source of these carbohydrates are important 
because the intake of refined grains is associated with an increased risk of metabolic diseases35, while whole-
grain intake is associated with a decreased risk of metabolic disease36. High-carbohydrate diets are common in 
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Characteristics Total(n = 5369)

individuals with dyslipidemia

χ2/Z PDeath(n = 365) Survival(n = 5004)

Gender, n (%) 14.341 < 0.001

Male 2532(47.2) 207(56.7) 2325(46.5)

Female 2837(52.8) 158(43.3) 2679(53.5)

Marital status, n (%) 75.262 < 0.001

Single 508(9.5) 10(2.7) 498(10.0)

Married/Cohabiting 4226(78.7) 265(72.6) 3961(79.2)

Divorced/Widowed/
Separated 610(11.4) 87(23.8) 523(10.5)

Others 25(0.5) 3(0.8) 22(0.4)

Daily smoking, n (%) 10.972 < 0.001

No 3942(73.4) 241(66.0) 3701(74.0)

Yes 1427(26.6) 124(34.0) 1303(26.0)

Dangerous drinking, n (%) 2.326 0.127

No 5229(97.4) 351(96.2) 4878(97.5)

Yes 140(2.6) 14(3.8) 126(2.5)

Sleep, h, n (%) 21.759 < 0.001

7–9 4072(75.8) 240(65.8) 3832(76.6)

< 7 or > 9 1297(24.7) 125(34.2) 1172(23.4)

Hypertension, n (%) 86.517 < 0.001

No 3723(69.3) 174(47.7) 3549(70.9)

Yes 1646(30.7) 191(52.3) 1455(29.1)

Diabetes, n (%) 36.849 < 0.001

No 4759(88.6) 288(78.9) 4471(89.3)

Yes 610(11.4) 77(21.1) 533(10.7)

CVD, n (%) 10.189 0.001

No 5342(99.5) 359(98.4) 4983(99.6)

Yes 27(0.5) 6(1.8) 21(0.4)

COPD, n (%) 8.486 0.004

No 5250(97.8) 349(95.6) 4901(97.9)

Yes 119(2.2) 16(4.4) 103(2.1)

Asthma, n (%) 12.659 < 0.001

No 3528(99.2) 356(97.5) 4972(99.4)

Yes 41(0.8) 9(2.5) 32(0.6)

Urban and rural, n (%) 0.572 0.449

Urban 1639(30.5) 105(28.8) 1534(30.7)

Rural 3730(69.5) 260(71.2) 3470(69.3)

Nation, n (%) 1.716 0.190

Han 3306(61.6) 213(58.4) 3093(61.8)

Minority nationality 2063(38.4) 152(41.6) 1911(38.2)

Obesity1, n (%) 2.675 0.102

No 4851(90.7) 338(93.1) 4513(90.5)

Yes 497(9.3) 25(6.9) 472(9.5)

Educational levels, n (%) 38.345 < 0.001

Junior high school and below 4546(84.7) 350(95.9) 4196(83.9)

Senior high school/Technical school 545(10.2) 12(3.3) 533(10.7)

College or above 278(5.2) 3(0.8) 275(5.5)

Taking lipid-lowering medications, n (%) 0.317 0.573

No 5292(98.6) 361(98.9) 4931(98.5)

Yes 77(1.4) 4(1.1) 73(1.5)

Age, y, median (range) 45.0(34.9,56.7) 63.0(54.0,72.0) 43.6(34.0,55.0) 19.904 < 0.001

Continued
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Asia and countries with poor economic advantages, and tend to contain higher refined carbohydrates such as 
white rice; these types of diets may reflect poor food quality37 and cause a long-term high-glycemic load, where 
may lead to negative metabolic consequences38. In China, Guizhou is a province which considers white rice as 
staple food. The excess will be converted into glucose and stored when carbohydrate intake exceeds the energy 

Fig. 2.  The size of factor loading for each food group in the four dietary pattern. a: Equilibrium pattern; b: 
Oil and salt high loadings pattern; c: Grain-tuber and vegetables high loadings pattern; d: Aquatic products 
and poultry high loadings pattern. The values in the radar plot represent the size of the factor payload 
corresponding to each food group in the four dietary patterns. The factor loading ≥ 0.40 was considered a 
characteristic food for this dietary pattern.

 

Characteristics Total(n = 5369)

individuals with dyslipidemia

χ2/Z PDeath(n = 365) Survival(n = 5004)

Total activity, MET-min/week, median (range) 2680.0(480.0,8400.0) 1680.0(0.0,6300.0) 2880.0(560.0,8400.0) 4.292 < 0.001

TC1, mmol/L, median (range) 4.8(4.0,6.0) 5.0(4.0,6.3) 4.8(4.0,6.0) 3.034 0.002

TG, mmol/L, median (range) 2.0(1.0,2.8) 1.9(1.0,2.7) 2.0(1.0,2.8) 0.407 0.684

HDL-C1, mmol/L, median (range) 1.0(1.0,1.5) 1.0(1.0,1.5) 1.0(1.0,1.5) 0.635 0.525

LDL-C1, mmol/L, median (range) 2.0(2.0,3.5) 2.8(2.0,4.0) 2.0(2.0,3.5) 3.319 < 0.001

Table 1.  Distribution and comparison of general characteristics of population. 1 indicates a missing value. 
CVD: cardio-cerebrovascular disease. COPD: chronic obstructive pulmonary disease. HDL-C: high-density 
lipoprotein cholesterol. LDL-C: low-density lipoprotein cholesterol. TC: total cholesterol. TG: triglyceride. 
Mann-Whitney U test was used for continuous variables, chi-square test was used for categorical variables.
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Characteristics

Equilibrium pattern

P

Oil and salt high loadings pattern

PLow(n = 1789) Medium(n = 1789) High(n = 1791) Low(n = 1789) Medium(n = 1790) High(n = 1790)

Gender, n (%) < 0.001 0.388

Male 867(48.5) 902(50.4) 763(42.6) 866(48.4) 826(46.1) 840(46.9)

Female 922(51.5) 887(49.6) 1028(57.4) 923(51.6) 964(53.9) 950(53.1)

Marital status, 
n (%) < 0.001 < 0.001

Single 120(6.7) 149(8.4) 239(13.4) 188(10.5) 162(9.0) 158(8.8)

Married/ 
Cohabiting 1443(80.7) 1440(80.5) 1343(75.0) 1443(80.6) 1437(80.3) 1346(75.2)

Divorced/ 
Widowed/
Separated

211(11.8) 194(10.8) 205(11.4) 148(8.3) 180(10.1) 282(15.8)

Others 15(0.8) 6(0.3) 4(0.2) 10(0.6) 11(0.6) 4(0.2)

Daily smoking, 
n (%) 0.132 0.177

No 1326(74.1) 1283(71.7) 1333(74.4) 1334(74.6) 1321(73.8) 1287(71.9)

Yes 463(25.1) 506(28.3) 458(25.6) 455(25.4) 469(26.2) 503(28.1)

dangerous 
drinking, n (%) 0.872 0.002

No 1742(97.4) 1745(97.5) 1742(97.3) 1751(97.9) 1754(98.0) 1724(96.3)

Yes 47(2.6) 44(2.5) 49(2.7) 38(2.1) 36(2.0) 66(3.7)

Sleep, h, n (%) 0.141 0.303

7–9 1359(76.0) 1381(77.2) 1332(74.4) 1334(74.6) 1368(76.4) 1370(76.5)

< 7 or > 9 430(24.0) 408(22.8) 459(25.6) 455(25.4) 422(23.6) 420(23.5)

Hypertension, 
n (%) 0.002 0.248

No 1214(67.9) 1211(67.7) 1298(72.5) 1265(70.7) 1238(69.2) 1220(68.2)

Yes 575(32.1) 578(32.3) 493(27.5) 524(29.3) 552(30.8) 570(31.8)

Diabetes, n (%) 0.479 0.641

No 1574(88.0) 1597(89.3) 1588(88.7) 1595(89.2) 1578(88.2) 1586(88.6)

Yes 215(12.0) 192(10.7) 203(11.3) 194(10.8) 212(11.8) 204(11.4)

CVD, n (%) 0.459 0.235

No 1783(99.7) 1779(99.4) 1780(99.4) 1783(99.7) 1782(99.6) 1777(99.3)

Yes 6(0.3) 10(0.6) 11(0.6) 6(0.3) 8(0.4) 13(0.7)

COPD, n (%) 0.391 0.235

No 1755(98.1) 1743(97.4) 1752(97.8) 1757(98.2) 1750(97.8) 1743(97.4)

Yes 34(1.9) 46(2.6) 39(2.2) 32(1.8) 40(2.2) 47(2.6)

Asthma, n (%) 0.625 0.501

No 1773(99.1) 1775(99.2) 1780(99.4) 1772(99.0) 1777(99.3) 1779(99.4)

Yes 16(0.9) 14(0.8) 11(0.6) 17(1.0) 13(0.7) 11(0.6)

Obesity1, n (%) 0.267 0.289

No 1633(91.5) 1615(90.7) 1603(89.9) 1631(91.6) 1608(90.1) 1612(90.4)

Yes 152(8.5) 165(9.3) 180(10.1) 150(8.4) 176(9.9) 171(9.6)

Educational 
levels, n (%) < 0.001 < 0.001

Junior high 
school and 
below

1687(94.3) 1579(88.3) 1280(71.5) 1528(85.4) 1566(87.5) 1452(81.1)

Senior high 
school/ 
Technical 
school

72(4.0) 153(8.6) 320(17.9) 160(8.9) 162(9.0) 223(12.5)

College or 
above 30(1.7) 57(3.2) 191(10.7) 101(5.7) 62(3.5) 115(6.4)

Taking lipid-
lowering 
medications, 
n (%)

0.058 0.002

No 1773(99.1) 1760(98.4) 1759(98.2) 1773(99.1) 1769(98.8) 1750(97.8)

Yes 16(0.9) 29(1.6) 32(1.8) 16(0.9) 21(1.2) 40(2.2)

Age, y, median 
(range) 47.0(37.0,59.0) 45.0(35.0,56.5) 42.0(31.0,54.0) < 0.001 43.0(32.3,56.0) 45.0(35.0,56.2) 46.0(36.2,57.3) < 0.001
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Characteristics

Equilibrium pattern

P

Oil and salt high loadings pattern

PLow(n = 1789) Medium(n = 1789) High(n = 1791) Low(n = 1789) Medium(n = 1790) High(n = 1790)

Total activity, 
MET-min/
week, median 
(range)

3840.0(720.0,10080.0) 3360.0(600.0,8880.0) 1680.0(480.0,5280.0) < 0.001 2400.0(480.0,9360.0) 2880.0(480.0,8160.0) 2880.0(720.0,7680.0) 0.992

TC1, mmol/L, 
median (range) 5.0(4.0,6.0) 4.7(4.0,6.0) 4.3(3.7,6.0) < 0.001 5.0(4.0,6.2) 4.9(4.0,6.0) 4.3(4.0,5.8) < 0.001

TG, mmol/L, 
median (range) 2.0(1.0,2.8) 2.0(1.0,2.8) 2.0(1.0,2.7) 0.134 1.9(1.0,2.7) 2.0(1.0,2.8) 2.0(1.0,3.0) 0.636

HDL-C1, 
mmol/L, 
median (range)

1.0(1.0,1.4) 1.0(1.0,1.5) 1.0(1.0,1.4) 0.584 1.0(1.0,1.6) 1.0(1.0,1.4) 1.0(1.0,1.3) < 0.001

LDL-C1, 
mmol/L, 
median (range)

2.1(2.0,3.6) 2.0(2.0,3.5) 2.0(2.0,3.5) 0.004 2.3(2.0,4.0) 2.0(2.0,3.4) 2.0(2.0,3.0) < 0.001

Characteristics
Grain-tuber and vegetables high loadings pattern

P
Aquatic products and poultry high loadings pattern

P
Low(n = 1790) Medium(n = 1789) High(n = 1790) Low(n = 1789) Medium(n = 1790) High(n = 1790)

Gender, n (%) < 0.001 < 0.001

Male 722(40.3) 848(47.4) 962(53.7) 688(38.5) 836(46.7) 1008(56.3)

Female 1068(59.7) 941(52.6) 828(46.3) 1101(61.5) 954(53.3) 782(43.7)

Marital status, 
n (%) 0.002 0.405

Single 177(9.9) 170(9.5) 161(9.0) 160(8.9) 158(8.8) 190(10.6)

Married/ 
Cohabiting 1374(76.7) 1401(78.3) 1451(81.0) 1414(79.1) 1424(79.6) 1388(77.5)

Divorced/ 
Widowed/
Separated

236(13.2) 208(11.6) 166(9.3) 209(11.7) 197(11.0) 204(11.4)

Others 3(0.2) 10(0.6) 12(0.7) 6(0.3) 11(0.6) 8(0.5)

Daily smoking, 
n (%) < 0.001 < 0.001

No 1330(77.1) 1320(73.8) 1242(69.4) 1399(78.2) 1338(74.7) 1205(67.3)

Yes 410(22.9) 469(26.2) 548(30.6) 390(21.8) 452(25.3) 585(32.7)

Dangerous 
drinking, n (%) 0.330 < 0.001

No 1751(97.8) 1741(97.3) 1737(97.0) 1764(98.6) 1755(98.0) 1710(95.5)

Yes 39(2.2) 48(2.7) 53(3.0) 25(1.4) 35(2.0) 80(4.5)

Sleep, h, n (%) 0.036 < 0.001

7–9 1346(75.2) 1394(77.9) 1332(74.4) 1293(72.3) 1388(77.5) 1391(77.7)

< 7 or > 9 444(24.8) 395(22.1) 458(25.6) 496(27.7) 402(22.5) 399(22.3)

Hypertension, 
n (%) 0.153 0.612

No 1211(67.7) 1261(70.5) 1251(69.9) 1233(68.9) 1233(68.9) 1257(70.2)

Yes 579(32.3) 528(29.5) 539(30.1) 556(31.1) 557(31.1) 533(29.8)

Diabetes, n (%) 0.032 0.004

No 1568(87.6) 1614(90.2) 1577(88.1) 1596(89.2) 1612(90.1) 1551(86.6)

Yes 222(12.4) 175(9.8) 213(11.9) 193(10.8) 178(9.9) 239(13.4)

CVD, n (%) 0.002 0.457

No 1773(99.1) 1781(99.6) 1788(99.9) 1777(99.3) 1782(99.6) 1783(99.6)

Yes 17(0.9) 8(0.4) 2(0.1) 12(0.7) 8(0.4) 7(0.4)

COPD, n (%) 0.093 0.692

No 1740(97.2) 1751(97.9) 1759(98.3) 1752(97.9) 1746(97.5) 1752(97.9)

Yes 50(2.8) 38(2.1) 31(1.7) 37(2.1) 44(2.5) 38(2.1)

Asthma, n (%) 0.466 0.726

No 1774(99.1) 1774(99.2) 1780(99.4) 1773(99.1) 1777(99.3) 1778(99.3)

Yes 16(0.9) 15(0.8) 10(0.6) 16(0.9) 13(0.7) 12(0.7)

Obesity1, n (%) 0.341 0.604

No 1610(90.2) 1611(90.4) 1630(91.5) 1624(91.1) 1621(90.8) 1606(90.2)

Yes 175(9.8) 171(9.6) 151(8.5) 158(8.9) 164(9.2) 175(9.8)

Educational 
levels, n (%) < 0.001 < 0.001
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consumed by the human body. If the glucose cannot be used in time, it will eventually be converted into fat and 
stored in the body. Dietary patterns with high intakes of rice and vegetables and moderate intakes of animal foods 
were associated with an increased risk of general and central obesity39, and obesity is a recognized risk factor 
for dyslipidemia7. Hyperlipidemia may increase the risk of cardiovascular disease and death from various causes 
in this population. In the study of Seidelmann et al., there was a U-shaped association between carbohydrate 
intake and all-cause mortality; a high intake of carbohydrate was associated with a significantly increased risk of 
all-cause mortality40. The “aquatic products and poultry high loadings pattern” was associated with a lower risk 
of all-cause mortality. An appropriate amount of fish and seafood can provide the body with a large amount of 
polyunsaturated fatty acids41,42; high unsaturated fat and low saturated fat content have been proven to improve 
blood lipid levels43. Therefore, the intake of various aquatic products and poultry has a specific protective effect 
on blood lipids32. Laural et al. showed that dietary patterns including more unsaturated vegetable oils, fish, or 
poultry in adults were associated with a decreased risk of all-cause mortality34; we obtained a similar result 
to that of the general population. In daily diets, lower intake of salt is associated with reduced cardiovascular 
disease and all-cause mortality44; however, we did not find a significant correlation between the “oil and salt 
high loadings pattern” and all-cause mortality in individuals with dyslipidemia, which should be confirmed by 
further research. On these grounds, we recommend that the daily diet should emphasize a balanced diet with 
various collocations. In addition, we also recommend the intake of high quality protein such as lean meat, fish 
and shrimp, poultry meat, beans, dairy products, etc. It is worth noting that people with dyslipidemia need to 
reduce the consumption of refined grains, eat more whole grains such as whole wheat bread, brown rice, which 
is particularly important for reducing the risk of all-cause mortality in individuals with dyslipidemia.

This study has several strengths. We selected individuals with dyslipidemia as participants who could be 
more targeted in developing nutritional strategies and interventions for this population and thus potentially 
reducing their risk of death. Secondly, we used dietary patterns to analyze diet conditions and evaluate the long-
term cumulative effect of the diet as a whole which could more comprehensively reflect the impact of actual 
eating behaviors on the death. Additionally, this study adopted a prospective cohort study which could more 
accurately explore the causal association between dietary patterns and the risk of all-cause mortality by tracking 
and observing them over a period, having specific exploratory and unique characteristics in this field. However, 
we also faced some significant limitations that should be noted. Firstly, dietary surveys looked at the food 
consumption of participants in the past, and this could be subject to recall bias. Moreover, there was no clear 

Characteristics

Equilibrium pattern

P

Oil and salt high loadings pattern

PLow(n = 1789) Medium(n = 1789) High(n = 1791) Low(n = 1789) Medium(n = 1790) High(n = 1790)

Junior high 
school and 
below

1441(80.5) 1529(85.5) 1576(88.0) 1599(89.4) 1569(87.6) 1378(77.0)

Senior high 
school/ 
Technical 
school

210(11.7) 188(10.5) 147(8.2) 139(7.8) 146(8.2) 260(14.5)

College or 
above 139(7.8) 72(4.0) 67(3.7) 51(2.8) 75(4.2) 152(8.5)

Taking lipid-
lowering 
medications, 
n (%)

0.104 0.948

No 1759(98.3) 1760(98.4) 1773(99.1) 1762(98.5) 1765(98.6) 1765(98.6)

Yes 31(1.7) 29(1.6) 17(0.9) 27(1.5) 25(1.4) 25(1.4

Age, y, median 
(range) 47.0(36.0,60.0) 43.4(34.0,55.0) 43.4(34.1,55.0) < 0.001 46.0(36.0,58.0) 45.1(35.0,58.0) 43.0(33.3,54.0) < 0.001

Total activity, 
MET-min/
week, median 
(range)

1440.0(240.0,4800.0) 2880.0(720.0,7920.0) 5040.0(960.0,12000.0) < 0.001 2400.0(360.0,8400.0) 3160.0(710.0,8400.0) 2640.0(560.0,7920.0) 0.006

TC1, mmol/L, 
median (range) 5.0(4.0,6.2) 4.5(4.0,6.0) 4.4(4.0,6.0) < 0.001 4.6(4.0,6.0) 4.6(4.0,6.0) 5.0(4.0,6.0) 0.003

TG, mmol/L, 
median (range) 2.0(1.0,2.7) 2.0(1.0,3.0) 2.0(1.0,2.7) 0.213 1.9(1.0,2.7) 2.0(1.0,2.7) 2.0(1.0,3.0) < 0.001

HDL-C1, 
mmol/L, 
median (range)

1.0(1.0,1.6) 1.0(1.0,1.4) 1.0(1.0,1.4) < 0.001 1.0(1.0,1.4) 1.0(1.0,1.4) 1.0(1.0,1.5) < 0.001

LDL-C1, 
mmol/L, 
median (range)

2.3(2.0,3.9) 2.0(2.0,3.1) 2.0(2.0,3.3) < 0.001 2.0(2.0,3.3) 2.0(2.0,3.1) 2.4(2.0,3.9) < 0.001

Table 2.  Distribution and comparison of baseline characteristics of different dietary patterns. 1 indicates a 
missing value. CVD: cardio-cerebrovascular disease. COPD: chronic obstructive pulmonary disease. HDL-C: 
high-density lipoprotein cholesterol. LDL-C: low-density lipoprotein cholesterol. TC: total cholesterol. TG: 
triglyceride. Kruskal-Wallis H test was used for continuous variables, chi-square test was used for categorical 
variables.
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line between dietary patterns. Secondly, our study only assessed the participants’ dietary data at baseline and 
did not conduct repeated dietary assessments during the follow-up which ignores the dynamic characteristics 
of diet over time and may introduce some measurement errors. Thirdly, potential effects of dietary confounders 
such as micronutrient intake were not measured. In addition, our research identified some dietary patterns that 

Fig. 3.  Sensitivity analysis of the risk of dietary patterns and all-cause mortality in individuals with 
dyslipidemia. a: Excluding participants who were followed up for less than 2 person-years; b: Excluding 
participants who were diagnosed with malignant tumors at baseline.

 

Dietary patterns
Number 
of cases

Incidence density 
(No. per 1,000 
person-years)

HR(95%CI)

Model 1 P Model 2 P Model 3 P

Equilibrium pattern

Low 155 7.346 1.000(ref) 1.000(ref) 1.000(ref)

Medium 123 5.772 0.783(0.618,0.992) 0.043 0.846(0.668,1.073) 0.167 0.857(0.675,1.087) 0.204

High 87 4.017 0.536(0.412,0.697) < 0.001 0.676(0.520,0.880) 0.004 0.740(0.565,0.969) 0.029

Ptrend 0.618(0.503,0.759) < 0.001 0.740(0.603,0.909) 0.004 0.794(0.643,0.981) 0.032

Oil and salt high loadings pattern

Low 113 5.327 1.000(ref) 1.000(ref) 1.000(ref)

Medium 133 6.240 1.168(0.909,1.500) 0.226 1.140(0.887,1.465) 0.306 1.173(0.910,1.512) 0.219

High 119 5.525 1.019(0.788,1.320) 0.883 0.951(0.735,1.232) 0.704 0.973(0.747,1.268) 0.839

Ptrend 0.992(0.841,1.170) 0.920 0.947(0.802,1.117) 0.515 0.957(0.809,1.134) 0.613

Grain-tuber and vegetables high loadings pattern

Low 138 6.520 1.000(ref) 1.000(ref) 1.000(ref)

Medium 104 4.835 0.730(0.565,0.942) 0.016 0.960(0.741,1.242) 0.755 0.982(0.755,1.277) 0.890

High 123 5.750 0.878(0.689,1.120) 0.295 1.302(1.012,1.675) 0.040 1.338(1.031,1.737) 0.029

Ptrend 0.931(0.804,1.079) 0.344 1.170(1.008,1.359) 0.039 1.189(1.019,1.388) 0.028

Aquatic products and poultry high loadings pattern

Low 139 6.533 1.000(ref) 1.000(ref) 1.000(ref)

Medium 135 6.322 0.967(0.763,1.225) 0.780 0.970(0.765,1.231) 0.804 0.988(0.778,1.255) 0.924

High 91 4.245 0.642(0.492,0.837) 0.001 0.782(0.597,1.023) 0.072 0.757(0.575,0.997) 0.047

Ptrend 0.556(0.396,0.782) < 0.001 0.722(0.509,1.024) 0.068 0.694(0.486,0.990) 0.044

Table 3.  Risk analysis of different dietary patterns and all-cause mortality in individuals with dyslipidemia. 
Model 1: Adjusting none of variables; Model 2: Adjusting gender and age; Model 3: Adjusting total activity, 
LDL-C, TC, marital status, daily smoking, dangerous drinking, sleep, hypertension, diabetes, CVD, COPD, 
asthma, obesity, educational levels and taking lipid-lowering medications on the basis of model 2. The P value 
of trend tests was calculated by including the median score of each pattern tertile as a continuous variable in 
the models.
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are beneficial for individuals with dyslipidemia, but further randomized clinical trials are needed to validate our 
results.

Conclusion
In conclusion, the findings of this study contribute to a deeper understanding of the association between dietary 
patterns and the risk of all-cause mortality. Adopting an appropriate dietary pattern can reduce the risk of all-cause 
mortality and provide survival benefits for individuals with dyslipidemia, thereby promoting the development 
of public health initiatives aimed at prevention. On the other hand, it deserves our attention that consider 
the utilization of resources for high-risk population strategies may be more consistent with the cost-benefit 
principle. Therefore, future research should be more dedicated to making specific dietary recommendations for 
partial individuals at high risk of mortality in the future, not just the general population.

Data availability
Application for data sets generated during and/or analyzed during the current study may be considered by the 
corresponding author on reasonable request.
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