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Abstract
Background Dyslipidemia plays a pivotal role in the development of diabetes mellitus (DM) and other metabolic 
disorders. This study aimed to investigate the trends in lipid concentrations among Chinese participants with different 
blood glucose statuses—ranging from DM and prediabetes mellitus (pre-DM) to normal blood glucose levels—
between 2011 and 2015. Additionally, this study sought to provide a comprehensive description of the potential 
temporal changes in the prevalence of dyslipidemia among these populations in China during this period.

Methods The data for this study were derived from the China Health and Retirement Longitudinal Study (CHARLS), 
encompassing two time points in 2011 and 2015. The 2011 data sample included 11,408 participants aged 45 years 
and above, whereas the 2015 data sample included 12,224 participants within the same age range.

Results In this study, a comparative analysis of data from 2011 to 2015 revealed that individuals diagnosed with 
DM and pre-DM experienced significant decreases in total cholesterol (TC) and low-density lipoprotein cholesterol 
(LDL-C) and a significant increase in high-density lipoprotein cholesterol (HDL-C) (P < 0.05). For participants with 
pre-DM, the levels of residual cholesterol (RC) significantly increased, whereas the levels of the atherogenic index of 
plasma (AIP) significantly decreased (P < 0.05). Among participants with normal blood glucose, there was a significant 
decrease in the levels of TC and LDL-C and a significant increase in the levels of triglycerides (TGs), RCs, and the AIP 
(P < 0.05). Between 2011 and 2015, the concentrations of TC, TG, LDL-C, RC, and AIP, both unadjusted and adjusted, 
were significantly higher in individuals with DM than in those with pre-DM and normal blood glucose, with the 
opposite being true for HDL-C. In 2015, the prevalence of dyslipidemia among participants with DM, pre-DM, and 
normal blood glucose was 36.56% (95% CI: 34.49%, 38.66%), 15.78% (95% CI: 14.93%, 16.67%), and 11.23% (95% CI: 
10.17%, 12.36%), respectively. The results of the present study revealed a significant decrease in the incidence of 
dyslipidemia in urban areas between 2011 and 2015 (P < 0.05).
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Introduction
Diabetes mellitus (DM), a global health challenge, is 
characterized by high prevalence, low treatment rates, 
and high mortality, exerting a heavy burden on individual 
health and the global health system. According to sta-
tistical data from 2017, approximately 5  million people 
aged 20–99 worldwide died from DM, and the global 
expenditure on medical care for DM was estimated to be 
as high as 850 billion dollars that year [1]. The Interna-
tional Diabetes Federation’s “Diabetes Atlas” (10th edi-
tion) indicates that in 2021, the number of individuals 
with DM aged 20–79 years worldwide was approximately 
537  million, accounting for 10.5%, and this number is 
expected to increase to 783 million by 2045 [2]. In China, 
the burden of DM is particularly severe; data from 2021 
show that the number of patients with DM in China 
has reached 141  million, ranking first in the world and 
becoming the country with the heaviest DM burden 
globally. Moreover, a large-scale epidemiological study 
of Chinese adults revealed that the prevalence of DM in 
adults over 18 years old was 11.6%, and the prevalence of 
prediabetes mellitus (pre-DM) was as high as 50.1% [3].

The health crisis caused by DM mainly stems from the 
extensive impact of its complications. Among these com-
plications, vascular diseases are particularly common 
and deadly and can be divided into two major categories: 
damage to large blood vessels, such as coronary artery 
disease and stroke, and damage to microvessels, includ-
ing kidney and retinal diseases. Research has shown that 
more than half of the deaths associated with DM are 
closely related to atherosclerotic cardiovascular disease 
(ASCVD) caused by large blood vessel diseases [4]. The 
high incidence and mortality of cardiovascular diseases 
(CVDs) are largely due to the widespread presence of 
metabolic abnormalities of the heart, among which lipid 
metabolism abnormalities are among the key factors. The 
results of three national representative cross-sectional 
surveys in 2002, 2010, and 2015 revealed that the levels of 
total cholesterol (TC), triglycerides (TGs), and low-den-
sity lipoprotein cholesterol (LDL-C) in Chinese adults 
have continued to rise [5]. From 2002 to 2015, the preva-
lence of hypercholesterolemia, hypercholesterolemia of 
low-density lipoprotein cholesterol (hyper-LDL-Cemia), 
hypertriglyceridemia, and hypocholesterolemia of high-
density lipoprotein cholesterol (hypo-HDL-C-emia) 
increased to varying degrees.

Although many studies have discussed the prevalence 
of DM in China [6–8], the understanding of blood lipid 

levels in DM patients in China is still limited. Diabetic 
patients often have abnormalities in lipid metabolism, 
which further exacerbates the risk of CVD and cerebro-
vascular diseases and the mortality they cause. This study 
aimed to analyze the trends in lipid concentrations and 
the prevalence of dyslipidemia among Chinese adults 
with DM, pre-DM, and normal blood glucose levels from 
2011 to 2015.

Methods
Study design and population
The data for this study were derived from two surveys 
conducted by the China Health and Retirement Longi-
tudinal Study (CHARLS), implemented by the National 
School of Development at Peking University, in the 
years 2011 and 2015 [9]. CHARLS is a nationwide sur-
vey covering mainland China, encompassing 150 coun-
ties or districts across 28 provinces, as well as 450 
villages or communities, with a focus on residents aged 
45 and above. The survey provides extensive informa-
tion, including demographics, socioeconomic status, and 
health conditions. Participants in CHARLS are updated 
with data every two years through face-to-face computer-
assisted personal interviews (CAPIs), and the data collec-
tion process has been approved by the Biomedical Ethics 
Review Committee of Peking University. All the partici-
pants took part in the survey after signing an informed 
consent form.

This study focused on the participants who provided 
blood samples in 2011 and 2015, with 11,847 and 13,420 
participants, respectively. After individuals under the age 
of 45 years and those with incomplete data on blood lipid 
and blood glucose levels were excluded, a total of 11,408 
participants (in 2011) and 12,224 participants (in 2015) 
were included for analysis. A total of 7,315 participants 
overlapped in the sample at both time points. To main-
tain the representativeness of the cohort and compensate 
for sample attrition (e.g., due to relocation, health issues), 
new participants were included in each round of follow-
up. Thus, even the nonoverlapping population (i.e., new 
participants) is representative. The screening process of 
the study is illustrated in Fig. 1.

Data collection
The data collection was carried out by team members 
who had undergone professional training, following 
established standard operating procedures, at the par-
ticipants’ residences as well as at local community or 

Conclusion This study revealed that the prevalence of dyslipidemia is greater among DM patients, particularly those 
in the 55–64 years age group. Notably, over the four-year observation period, lipid profiles improved among DM 
patients and pre-DM patients. However, TG levels remained elevated, especially in the 45–54 years age group.
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township medical centers and county-level Centers for 
Disease Control and Prevention (CDC). The information 
gathered included participants’ demographic characteris-
tics (e.g., age, sex, marital status, educational background, 
and residential area), health and lifestyle status (e.g., 
smoking and drinking status, hypertension), and physi-
cal indicators (e.g., body mass index (BMI)). The partici-
pants’ weight and height were measured via standardized 
equipment after their shoes and heavy clothing were 
removed. After completing the questionnaire survey and 
physical measurements, blood samples were collected by 
professional nurses at township hospitals or CDC offices 
after at least 8 h of fasting, with a collection volume of 8 
milliliters of fasting blood. The levels of TC, TG, LDL-C, 
HDL-C, and fasting plasma glucose (FPG) in the blood 
samples were subsequently tested via enzymatic colori-
metric methods. In addition, glycated hemoglobin A1c 
(HbA1c) levels were determined via boronate affinity 
high-performance liquid chromatography (HPLC).

Definitions
In this study, the diagnosis of DM was based on an 
FPG ≥ 126 mg/dL, an HbA1c ≥ 6.5%, a self-reported phy-
sician diagnosis, or the use of hypoglycemic medication. 
Pre-DM is characterized by fasting blood glucose levels 
between 100 and 125  mg/dL or HbA1c levels between 

5.7 and 6.4%. The classification from the “Guidelines 
for the China Adult Dyslipidemia Prevention, Evalu-
ation and Treatment” was used to define elevated TC 
(≥ 240  mg/dL), reduced HDL-C (< 40  mg/dL), elevated 
LDL-C (≥ 160  mg/dL), and elevated TG (≥ 200  mg/dL) 
[10]. To minimize the impact of lipid-lowering medica-
tion on blood lipid levels, dyslipidemia was defined as a 
TC/HDL-C ratio > 5.0 or self-reported dyslipidemia [11].

The diagnosis of hypertension was based on self-
reported physician diagnosis and/or the use of any anti-
hypertensive medication and/or an average systolic/
diastolic blood pressure (SBP/DBP) ≥ 140/90 mmHg [12]. 
The calculation of remnant cholesterol (RC) is performed 
by subtracting HDL-C and LDL-C from TC [13]. The ath-
erogenic index of plasma (AIP) is calculated by taking the 
natural logarithm of the ratio of triglycerides to HDL-C 
[14].

Statistical analysis
Data following a normal distribution are reported as 
the mean ± standard deviation (SD), whereas nonnor-
mally distributed data are described as the median and 
interquartile range (IQR). Count data are presented as 
frequencies and percentages (n %). Between-group com-
parisons were performed via the Wilcoxon rank sum test, 
t test, or chi-square test. Cross-sectional data analysis 

Fig. 1 Participant screening flowchart
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methods were used for the 2011 and 2015 data. To cor-
rect for measurement errors in blood lipid concentra-
tions and control for potential confounding factors, this 
study utilized analysis of covariance (ANCOVA), includ-
ing variables such as age, sex, residential area, marital 
status, education level, smoking status, drinking status, 
hypertension, and BMI. Model parameter estimation 
was conducted via the least squares method, and F tests 
were applied to evaluate the statistical significance of the 
models. Furthermore, prevalence rates for 2011 and 2015 
were calculated, and subgroup analyses were performed 
for the total population and different blood glucose status 
groups on the basis of age groups (45–54, 55–64, 65–74, 
and 75+), sex, marital status, education level, residential 
area (rural or urban), and region (Southwest, South, East, 
Central, Northwest, North, and Northeast). After adjust-
ing for the aforementioned variables in a multivariable 
manner, logistic regression analysis was used to compare 
the incidence of dyslipidemia between 2011 and 2015. 
The standard for statistical significance was set at a P 
value of less than 0.05. All the statistical analyses in this 
study were completed via SPSS and R software.

Results
Baseline characteristics
In 2011 and 2015, 11,408 and 12,224 participants, respec-
tively, were included in the study. Compared with those 
in 2011, the proportions of those with diabetes, pre-
diabetes, and normal blood glucose living in towns, 
using lipid-lowering and antihypertensive medications 
increased, and they had a significantly greater level of 
education in 2015, whereas the number of people with 
hypertension and alcohol consumption decreased signifi-
cantly (P < 0.05). Additionally, there was a decrease in the 
proportion of married individuals with DM and a decline 
in the proportion of smokers among those with pre-DM 
(P < 0.05). In 2015, participants with normal blood glu-
cose levels were younger and had a higher BMI than in 
2011 (P < 0.05). Table 1 presents the demographic details 
of the sample. A baseline characterization of the analy-
sis for the overlapping 2011 and 2015 populations was 
added, as detailed in Table S1.

During the period from 2011 to 2015, significant 
changes occurred in the blood lipid levels of patients with 
DM and pre-DM. Specifically, there was a significant 
reduction in TC and LDL-C levels, whereas HDL-C levels 
significantly increased (P < 0.05) (Table 2). For individuals 
with pre-DM, RC levels significantly increased, whereas 
AIP levels significantly decreased (P < 0.05). Concur-
rently, participants with normal blood glucose levels 
presented significant increases in TG, RC, and AIP lev-
els and significant decreases in TC, LDL-C, and HDL-C 
levels (P < 0.05). Figure 2 visually presents these trends in 
lipid concentration changes. After adjusting for age, sex, 

place of residence, marital status, education level, smok-
ing and drinking status, history of hypertension, and 
BMI, the significance was maintained for all other blood 
lipid indicators, except for the HDL-C levels in individu-
als with normal blood glucose levels, which were no lon-
ger significant (P > 0.05).

Table  2 also reveals another important finding: com-
pared with participants with pre-DM and those with 
normal blood glucose levels, individuals with diagnosed 
DM have a more unfavorable blood lipid profile. Between 
2011 and 2015, both unadjusted and adjusted levels of 
TC, TG, LDL-C, RC, and AIP were generally higher in 
individuals with diagnosed DM than in the other two 
groups, whereas HDL-C was the opposite. After exclud-
ing participants using lipid-lowering medications, the 
results remained consistent with those in Table 2 (Table 
S2). Further exclusion of participants using both lipid-
lowering and glucose-lowering medications still resulted 
in significant improvements in TC, TG, LDL-C, and 
HDL-C concentrations (Table S3).

Prevalence of dyslipidemia in 2011 and 2015
Tables  3, 4 and 5 detail the prevalence of dyslipidemia 
among subjects with different blood glucose statuses in 
2011 and 2015, as well as the impact of socioeconomic 
factors such as marital status, education, and place of 
residence on the prevalence rates. The 2011 data revealed 
that the prevalence rates of dyslipidemia in popula-
tions with DM, pre-DM, and normal blood glucose were 
51.31% (95% CI: 48.21-54.40%), 30.16% (95% CI: 28.99-
31.35%), and 17.64% (95% CI: 16.54-18.79%), respectively. 
The prevalence of dyslipidemia among urban residents 
was significantly greater than that among rural residents, 
and the prevalence among individuals with higher educa-
tion levels was also significantly greater than that among 
individuals with lower education levels. Notably, there 
was no difference in prevalence rates across various age 
groups (Fig. 3). A significantly higher prevalence rate was 
observed only among married individuals than among 
unmarried individuals in the pre-DM population, and 
the prevalence rate among females was higher than that 
among males (Fig.  4). Additionally, regardless of blood 
glucose status, the prevalence rate in the northern region 
was significantly higher than that in the southern region 
(Fig.  5A–D). Tables S4–S6 provide specific data on age, 
sex, and regional group prevalence rates for 2011.

By 2015, the prevalence of dyslipidemia had decreased 
to 36.56% (95% CI: 34.49-38.66%) in individuals with DM, 
15.78% (95% CI: 14.93-16.67%) in those with pre-DM, 
and 11.23% (95% CI: 10.17-12.36%) in those with normal 
blood glucose. Compared with 2011, there was a rever-
sal in the prevalence rates, with rural residents now hav-
ing higher rates than urban residents do. Among those 
with DM, the prevalence of dyslipidemia was consistently 
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high among those aged 55–64 years (Fig.  3). Among 
individuals with different levels of education, there were 
still significant differences in the prevalence of dyslipid-
emia among patients with pre-DM (Table  4). For DM, 
the prevalence rate among married individuals was sig-
nificantly greater than that among unmarried individuals, 
whereas sex had no significant effect on the prevalence 
rate (Fig. 4). The prevalence rate in the northern region 
continued to be higher than that in the southern region 
(Fig.  5E–H), a phenomenon that persisted in the 2015 

data. Tables S4–S6 provide detailed data on age, sex, and 
regional group prevalence rates for 2015.

Temporal changes in the incidence of dyslipidemia from 
2011 to 2015
During the period from 2011 to 2015, a longitudinal 
analysis was conducted on the prevalence of dyslipid-
emia among subjects with different blood glucose sta-
tuses, including the overall prevalence and specific 
prevalence rates stratified by age, sex, place of residence, 

Table 1 Demographic characteristics of the population by blood glucose status in 2011 and 2015
Variables Diabetes P Prediabetes P Normal P

2011 2015 2011 2015 2011 2015
N 1,031 2,098 5,899 6,823 4,478 3,303
Age, years, Median (IQR) 60.00 (54.00, 

67.00)
61.00 (54.51, 
67.00)

0.083 59.00 (53.00, 
66.00)

59.00 (52.00, 
66.00)

0.144 57.00 (50.00, 
65.00)

56.00 (50.00, 
64.00)

< 0.001

Age, years, n (%) 0.147 0.089 < 0.001
   45–54 275 (26.67) 525 (25.02) 1,869 (31.68) 2,116 (31.01) 1,701 (37.99) 1,416 (42.87) < 0.001
   55–65 441 (42.77) 855 (40.75) 2,321 (39.35) 2,697 (39.53) 1,620 (36.18) 1,152 (34.88)
   65–74 230 (22.31) 547 (26.07) 1,210 (20.51) 1,494 (21.90) 797 (17.80) 561 (16.98)
   ≥ 75 85 (8.24) 171 (8.15) 499 (8.46) 516 (7.56) 360 (8.04) 174 (5.27)
Sex, n (%) 0.629 0.213 0.017
   Male 428 (41.51) 890 (42.42) 2,831 (47.99) 3,199 (46.89) 2,121 (47.36) 1,655 (50.11)
   Hypertension, n (%) 0.004 < 0.001 < 0.001
   Yes 581 (56.35) 1,068 (50.91) 2,300 (38.99) 2,095 (30.70) 1,387 (30.97) 813 (24.61)
Antihypertensive drugs, 
n (%)

0.041 < 0.001 < 0.001

   Yes 499 (48.4) 1097 (52.29) 1591 (26.97) 2167 (31.76) 930 (20.77) 836 (25.31)
Lipid-lowering drugs, n (%) 0.039 < 0.001 < 0.001
   Yes 182 (17.65) 436 (20.78) 299 (5.07) 455 (6.67) 146 (3.26) 161 (4.87)
Hypoglycemic drugs, n (%) < 0.001 < 0.001 -
   Yes 466 (45.20) 801 (38.18) 21 (0.36) 0 (0) 0 (0) 0 (0)
Smoking status, n (%) 0.862 < 0.001 0.323
   Yes 355 (34.43) 729 (34.75) 2,339 (39.65) 2,504 (36.7) 1,789 (39.95) 1,283 (38.84)
Drinking status, n (%) 0.032 < 0.001 < 0.001
   Yes 761 (73.81) 1,471 (70.11) 4,530 (76.79) 4,863 (71.27) 3,436 (76.73) 2,280 (69.03)
Residence, n (%) < 0.001 < 0.001 < 0.001
   Rural 801 (77.69) 347 (16.54) 4,976 (84.35) 768 (11.26) 3,815 (85.19) 313 (9.48)
   Urban 230 (22.31) 1,751 (83.46) 923 (15.65) 6,055 (88.74) 663 (14.81) 2,990 (90.52)
Education level, n (%) 0.002 < 0.001 < 0.001
   No formal education 472 (45.78) 962 (45.85) 2,827 (47.92) 3,206 (46.99) 2,094 (46.76) 1,423 (43.08)
   Primary school 216 (20.95) 438 (20.88) 1,270 (21.53) 1,458 (21.37) 998 (22.29) 684 (20.71)
   Middle or high school 277 (26.87) 485 (23.12) 1,577 (26.73) 1,726 (25.3) 1,236 (27.60) 995 (30.12)
   College or above 66 (6.40) 213 (10.15) 225 (3.81) 433 (6.35) 150 (3.35) 201 (6.09)
Marital status, n (%) 0.008 0.095 0.243
   Married 910 (88.26) 1,778 (84.75) 5,119 (86.78) 5,851 (85.75) 3,961 (88.45) 2,893 (87.59)
   Other 121 (11.74) 320 (15.25) 780 (13.22) 972 (14.25) 517 (11.55) 410 (12.41)
BMI, kg/m2, Median (IQR) 25.13 (22.62, 

27.74)
25.24 (22.87, 
27.74)

0.430 23.47 (21.02, 
26.10)

23.54 (21.22, 
26.12)

0.091 22.54 (20.44, 
25.08)

22.86 (20.69, 
25.21)

0.003

BMI, kg/m2, n (%) 0.767 0.365 0.001
   < 18.5 32 (3.10) 69 (3.29) 397 (6.73) 415 (6.08) 402 (8.98) 229 (6.93)
   18.5–25 472 (45.78) 922 (43.95) 3,489 (59.15) 4,008 (58.74) 2,929 (65.41) 2,185 (66.15)
   25–30 414 (40.16) 880 (41.94) 1,699 (28.80) 2,027 (29.71) 981 (21.91) 790 (23.92)
   ≥ 30 113 (10.96) 227 (10.82) 314 (5.32) 373 (5.47) 166 (3.71) 99 (3.00)
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education level, and marital status. According to the data 
in Tables 6, 7 and 8, except for the stable prevalence rate 
among rural residents with normal blood glucose, the 
overall prevalence of dyslipidemia and the prevalence 
rates in each subgroup for other blood glucose statuses 
showed a significant downward trend. Further analy-
sis revealed that, except for the nonsignificant trend of 
LDL-C reduction among individuals with a university 
degree or above in the DM population, LDL-C levels 
in all other blood glucose status subjects significantly 
decreased. Notably, TG levels tended to increase in the 

female subgroup, whereas changes in TG levels in the 
other DM subgroups were not significant (Table 6).

Discussion
This study, on the basis of data from the CHARLS sur-
vey, assessed the prevalence of dyslipidemia and its 
temporal trends among different blood glucose status 
groups in adults aged 45 years and above. Several key 
points emerged from the analysis. First, individuals diag-
nosed with DM in 2011 presented the most unfavorable 
blood lipid profile, with the adjusted mean concentra-
tion of HDL-C being the lowest among the three groups, 

Table 2 Unadjusted and least squares-adjusted mean concentrations (standard errors) of lipid profiles in participants with different 
blood glucose statuses in 2011 and 2015
Variables Diabetes P Prediabetes P Normal P

2011 2015 2011 2015 2011 2015
N 1,031 2,098 5,899 6,823 4,478 3,303
Unadjusted
TC (mg/dl) 200.02 (1.29) 191.05 (0.93) < 0.001 196.59 (0.50) 186.78 (0.44) < 0.001 186.74 (0.52) 175.46 (0.55) < 0.001
TG (mg/dl) 174.97 (4.10) 177.63 (2.43) 0.556 144.62 (1.38) 142.07 (1.05) 0.140 107.98 (0.88) 123.56 (1.27) < 0.001
LDL-C (mg/dl) 118.61 (1.19) 105.56 (0.69) < 0.001 117.48 (0.48) 104.70 (0.34) < 0.001 113.92 (0.47) 96.39 (0.46) < 0.001
HDL-C (mg/dl) 45.70 (0.49) 48.34 (0.24) < 0.001 50.34 (0.20) 51.73 (0.14) < 0.001 52.97 (0.22) 52.07 (0.21) 0.004
RC (mg/dl) 35.70 (1.07) 37.15 (0.53) 0.176 28.77 (0.36) 30.34 (0.22) < 0.001 19.85 (0.22) 27.00 (0.26) < 0.001
AIP 0.520 (0.012) 0.506 (0.007) 0.270 0.400 (0.005) 0.385 (0.003) 0.008 0.275 (0.004) 0.327 (0.005) < 0.001
Adjusted
TC (mg/dl) 200.04 (1.83) 190.80 (1.05) < 0.001 196.79 (0.72) 186.84 (0.70) < 0.001 185.35 (0.70) 176.95 (1.12) < 0.001
TG (mg/dl) 175.31 (5.19) 178.24 (2.98) 0.623 144.23 (1.85) 142.83 (1.79) 0.585 108.83 (1.32) 126.65 (2.12) < 0.001
LDL-C (mg/dl) 119.78 (1.49) 105.27 (0.86) < 0.001 117.94 (0.63) 104.73 (0.61) < 0.001 113.17 (0.60) 97.56 (0.97) < 0.001
HDL-C (mg/dl) 44.26 (0.55) 48.21 (0.32) < 0.001 49.73 (0.26) 51.38 (0.25) < 0.001 52.33 (0.27) 51.76 (0.43) 0.261
RC (mg/dl) 36.00 (1.24) 37.33 (0.71) 0.355 29.12 (0.43) 30.73 (0.41) 0.007 19.85 (0.30) 27.64 (0.49) < 0.001
AIP 0.539 (0.014) 0.509 (0.008) 0.060 0.407 (0.006) 0.390 (0.006) 0.041 0.281 (0.005) 0.341 (0.009) 0.041
Age, sex, residence, marital status, education, smoking status, drinking status, hypertension, and BMI were adjusted for

Fig. 2 Trends in lipid concentration changes between 2011 and 2015
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whereas the adjusted mean concentrations of TC, TG, 
LDL-C, RC, and AIP were the highest. Second, between 
2011 and 2015, the blood lipid parameters of the three 
groups of participants improved in terms of the mean 
concentrations, both unadjusted and after multivariable 
adjustment. Third, the trend of improvement in blood 
lipid parameters remained significant even after individ-
uals using lipid-lowering and blood sugar-lowering medi-
cations were excluded (Table S3). Last, it is noteworthy 
that the significant decrease in AIP and RC levels was 
limited to participants with pre-DM and those with nor-
mal blood glucose.

The direct link between lipid components and the risk 
of CVD has been widely confirmed, although discussions 
on the relative advantages of different lipid indicators in 
risk prediction are still inconclusive [15, 16]. The results 
of this study revealed that in the DM patient population, 
there were significant improvements in the average con-
centrations of TC, LDL-C, and HDL-C, whereas TG, AIP, 
and RC showed slight increasing trends. For individu-
als with pre-DM, the levels of TC, LDL-C, HDL-C, and 

AIP improved significantly, but the level of RC increased 
significantly. Among participants with normal blood glu-
cose levels, the average concentrations of TC, LDL-C, 
and HDL-C also significantly improved, yet the levels of 
AIP and RC increased. Previous studies have indicated 
that the incidence and mortality of DM and CVD among 
Chinese adults remain relatively high [17–19]. This may 
suggest the importance of TG, AIP, and RC in predicting 
the risk of DM and CVD. Several recent studies also sup-
port this view, providing further evidence for the signifi-
cance of these lipid indicators in risk prediction [20–23].

TG, as a lipid component in the blood, plays a key role 
in the body’s energy storage and supply. Epidemiological 
studies, genome-wide analyses, and Mendelian random-
ization studies have confirmed a causal link between TG 
levels and an increased risk of CVD and death [24–26]. 
Therefore, monitoring TG levels is crucial for assessing 
CVD risk and taking preventive measures. In the field 
of DM, elevated TG levels have been found to be asso-
ciated with an increased risk of DM [27, 28]. A cross-
sectional study from Northwest China revealed that high 

Fig. 3 Prevalence rates across different age groups for populations with varying blood glucose statuses in 2011 and 2015. Figures A, B, C, and D display 
the prevalence rates of dyslipidemia among the general population, those with DM, those with pre-DM, and individuals with normal blood glucose levels, 
respectively

 



Page 11 of 17Zhao et al. Lipids in Health and Disease          (2024) 23:394 

TG levels increase the risk of diabetic microvascular 
complications, especially in the elderly population [29]. 
This study revealed that the prevalence of dyslipidemia 
in the northern Chinese population is greater than that 
in the southern population, particularly among those 
with pre-DM, where the prevalence of hypertriglyceri-
demia in the northern population is significantly greater 
than that in the southern population, a phenomenon 
that persisted from 2011 to 2015. In contrast, no signifi-
cant regional differences were observed between the DM 
and normal blood glucose populations. Previous studies 
have confirmed that an increase in BMI is usually asso-
ciated with increased concentrations of TC, LDL-C, and 
TG, as well as a decrease in HDL-C concentration [30]. 
However, this study revealed that the increase in BMI 
was significant only in the population with normal blood 
glucose, and the increase in TG concentration was also 
limited to this group. These findings suggest that under 

normal blood glucose conditions, weight gain or obesity 
may be more likely to lead to an increase in TG levels. 
Additionally, as BMI increases in the normal population, 
improvements in TC and LDL-C are observed. This may 
be related to lipid metabolic adjustments associated with 
weight gain in the normal population. Additionally, this 
study revealed a significant shift from rural to urban resi-
dents between 2011 and 2015. This transformation may 
have been caused by several factors: first, a majority of 
overlapping participants migrated from rural to urban 
areas between 2011 and 2015 (Table S1); second, the 
new survey participants in 2015 indeed originated more 
from urban areas, which could also be a reason for the 
change in the urban‒rural distribution (Table S1); fur-
thermore, with the acceleration of urbanization, some 
areas that were originally marked as rural may have been 
reclassified as urban areas by 2015. There was a signifi-
cant difference in dyslipidemia between urban and rural 

Fig. 4 Prevalence rates by sex for populations with different blood glucose statuses in 2011 and 2015. Panels A, B, C, and D, respectively illustrate the 
prevalence rates of dyslipidemia between different sexes within the general population, those with DM, those with pre-DM, and individuals with normal 
blood glucose levels
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Fig. 5 Regional prevalence rates of dyslipidemia among populations with different blood glucose statuses in 2011 and 2015. Panels A, B, C, and D pres-
ent the prevalence rates of dyslipidemia in the total population, individuals with DM, individuals with pre-DM, and individuals with normal blood glucose 
levels across various regions in 2011. Figures E, F, G, and H present the prevalence rates of dyslipidemia in the total population, individuals with DM, 
individuals with pre-DM, and individuals with normal blood glucose levels across various regions in 2015. Individuals residing in Hainan, Ningxia, Taiwan 
and Tibet were not included in the survey
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populations in the subgroup analyses, and this difference 
may partly reflect changes in lipids due to urban/rural 
lifestyle changes.

Notably, even after individuals using lipid-lowering and 
blood sugar-lowering medications were excluded, par-
ticipants with DM and pre-DM still generally presented 
high BMIs and hypertriglyceridemia, whereas TC, HDL-
C, and LDL-C levels tended to improve. Individuals with 
DM often present with low levels of HDL-C, high levels 
of small dense LDL-C particles, and elevated TG levels 
[31], which may be associated with insulin resistance in 
the diabetic state, affecting the storage and release of lip-
ids in adipocytes [31]. Furthermore, high TG levels are 
associated with an increased risk of insulin resistance, 
as they can lead to the accumulation of fat in key meta-
bolic tissues. This accumulation not only triggers insulin 
resistance but also affects the secretion of adipokines, 
further disrupting insulin signaling and glucose uptake 
[32]. Additionally, these findings suggest the potential 
existence of other strong long-term trends that could 
counteract the potentially harmful effects of obesity 
on lipid concentrations. An increasing number of stud-
ies have shown that triglycerides combined with other 
indicators as a composite index (such as the triglyceride 
glucose index (TyG)) are independent predictors of DM 

incidence [33–35]. A 5-year longitudinal study involving 
25,248 Chinese participants revealed that the TyG index 
has the potential to serve as a reliable marker for predict-
ing the transition from pre-DM to normal blood glucose 
levels in Chinese populations [36]. These findings further 
emphasize the importance of TG levels as biomarkers for 
assessing the risk of DM.

Interestingly, the diabetic population had a greater RC 
status than did those with pre-DM and normal blood 
glucose, but no significant changes in RC were observed 
between 2011 and 2015. Concurrently, the RC levels in 
the pre-DM and normal blood glucose populations have 
shown an increasing trend, which may be related to the 
annual conversion rate of approximately 5–10% from pre-
DM to DM [37]. RC, which is the cholesterol remaining 
in the blood after HDL-C, LDL-C, and TG are accounted 
for, is typically associated with an increased risk of CVD. 
RC is considered an important independent predictor of 
incident DM in the general population [38]. Addition-
ally, the AIP levels were greater in the diabetic population 
than in the nondiabetic population, but no significant 
changes were observed from 2011 to 2015. A signifi-
cant reduction in AIP levels was noted in the pre-DM 
population, whereas a significant increase was observed 
in the population with normal blood glucose. The AIP, 

Table 6 Temporal changes in the overall prevalence, age-specific prevalence, sex, place of residence, education level and marital 
status-specific prevalence of lipid abnormalities in patients with DM from 2011–2015
2015 vs. 
2011

TG ≥ 200 mg/dl HDL-C < 40 mg/dl LDL-C ≥ 160 mg/dl TC ≥ 240 mg/dl Dyslipidemia
OR (95% CI) P 

value
OR (95% CI) P 

value
OR (95% CI) P value OR (95% CI) P 

value
OR (95% CI) P 

value
Total 1.16 (0.94, 1.44) 0.177 0.38 (0.31, 0.47) < 0.001 0.31 (0.22, 0.45) < 0.001 0.56 (0.42, 0.75) < 0.001 0.54 (0.45, 0.66) < 0.001
Age
   < 60 1.04 (0.75, 1.43) 0.825 0.38 (0.28, 0.53) < 0.001 0.32 (0.19, 0.54) < 0.001 0.54 (0.35, 0.83) 0.005 0.50 (0.36, 0.68) < 0.001
   ≥ 60 1.26 (0.94, 1.71) 0.125 0.38 (0.29, 0.51) < 0.001 0.31 (0.19, 0.51) < 0.001 0.58 (0.39, 0.87) 0.008 0.57 (0.44, 0.74) < 0.001
Sex
   Male 0.88 (0.63, 1.23) 0.445 0.46 (0.33, 0.62) < 0.001 0.31 (0.16, 0.59) < 0.001 0.38 (0.22, 0.64) < 0.001 0.43 (0.31, 0.59) < 0.001
   Female 1.40 (1.05, 1.87) 0.022 0.33 (0.24, 0.45) < 0.001 0.31 (0.21, 0.48) < 0.001 0.66 (0.47, 0.94) 0.022 0.64 (0.49, 0.83) 0.001
Residence
   Urban 1.12 (0.81, 1.55) 0.484 0.28 (0.21, 0.38) < 0.001 0.28 (0.17, 0.43) < 0.001 0.53 (0.36, 0.80) 0.002 0.39 (0.29, 0.53) < 0.001
   Rural 1.14 (0.81, 1.60) 0.453 0.50 (0.35, 0.70) < 0.001 0.48 (0.26, 0.88) 0.018 0.63 (0.38, 1.04) 0.070 0.70 (0.51, 0.95) 0.024
Education 
level
   No formal 
education

1.22 (0.79, 1.89) 0.362 0.48 (0.31, 0.74) 0.001 0.20 (0.10, 0.38) < 0.001 0.35 (0.20, 0.63) < 0.001 0.59 (0.40, 0.88) 0.009

   Primary 
school

1.04 (0.64, 1.71) 0.869 0.35 (0.21, 0.57) < 0.001 0.45 (0.21, 0.95) 0.036 0.76 (0.41, 1.41) 0.392 0.50 (0.32, 0.79) 0.003

   Middle or 
high school

1.31 (0.89, 1.91) 0.168 0.34 (0.23, 0.50) < 0.001 0.46 (0.23, 0.91) 0.026 0.80 (0.47, 1.35) 0.393 0.50 (0.35, 0.73) < 0.001

   College or 
above

0.61 (0.32, 1.17) 0.139 0.34 (0.18, 0.64) 0.001 0.31 (0.09, 1.06) 0.062 0.41 (0.15, 1.14) 0.087 0.43 (0.24, 0.78) 0.005

Marital 
status
   Other 1.09 (0.59, 2.02) 0.793 0.59 (0.33, 1.07) 0.081 0.11 (0.04, 0.29) < 0.001 0.40 (0.19, 0.84) 0.016 0.47 (0.28, 0.81) 0.006
   Married 1.17 (0.92, 1.48) 0.193 0.35 (0.28, 0.45) < 0.001 0.38 (0.26, 0.57) < 0.001 0.62 (0.45, 0.86) 0.004 0.57 (0.45, 0.70) < 0.001
Age, sex, residence, marital status, education, smoking status, drinking status, hypertension, and BMI were adjusted for
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an indicator of the potential for cholesterol deposition 
in the arterial wall, is closely related to the risk of CVD. 
Research has shown that in patients with normal glucose 
regulation (NGR), the AIP is significantly correlated with 
the severity of coronary artery disease, whereas this rela-
tionship is not evident in those with pre-DM or DM [39]. 
These findings suggest that the AIP may play a different 
role in the progression from pre-DM to DM, and further 
research is needed to clarify its specific role in different 
glycemic states.

Strengths and limitations
The study has several strengths. First, on the basis of the 
national representativeness and longitudinal nature of the 
CHARLS study, accurate estimates of blood lipid concen-
trations and the prevalence of their abnormalities in the 
Chinese elderly population were made. Second, by imple-
menting strict quality control measures, high standards 
for data collection and the reliability of the study results 
were ensured. Third, through comparative analysis across 
time points, potential trends in the prevalence of dys-
lipidemia across different blood glucose statuses were 
comprehensively described. However, this study also has 
several limitations. First, owing to the age restriction of 

Table 7 Temporal changes in the overall prevalence, age-specific prevalence, sex, place of residence, education level and marital 
status-specific prevalence of lipid abnormalities in patients with pre-DM from 2011–2015
2015 vs. 
2011

TG ≥ 200 mg/dl HDL-C < 40 mg/dl LDL-C ≥ 160 mg/dl TC ≥ 240 mg/dl Dyslipidemia
OR (95% CI) P 

value
OR (95% CI) P 

value
OR (95% CI) P value OR (95% CI) P 

value
OR (95% CI) P 

value
Total 0.96 (0.84, 1.10) 0.604 0.38 (0.33, 0.43) < 0.001 0.27 (0.22, 0.33) < 0.001 0.54 (0.46, 0.65) < 0.001 0.39 (0.34, 0.44) < 0.001
Age
   < 60 1.07 (0.89, 1.28) 0.485 0.33 (0.27, 0.39) < 0.001 0.32 (0.24, 0.43) < 0.001 0.59 (0.46, 0.75) < 0.001 0.36 (0.30, 0.43) < 0.001
   ≥ 60 0.86 (0.70, 1.05) 0.136 0.44 (0.36, 0.53) < 0.001 0.23 (0.17, 0.30) < 0.001 0.50 (0.39, 0.64) < 0.001 0.42 (0.35, 0.50) < 0.001
Sex
   Male 0.99 (0.81, 1.22) 0.948 0.45 (0.37, 0.53) < 0.001 0.24 (0.17, 0.34) < 0.001 0.47 (0.35, 0.62) < 0.001 0.42 (0.35, 0.50) < 0.001
   Female 0.96 (0.80, 1.15) 0.651 0.30 (0.25, 0.37) < 0.001 0.29 (0.22, 0.37) < 0.001 0.59 (0.47, 0.73) < 0.001 0.37 (0.31, 0.44) < 0.001
Residence
   Urban 1.00 (0.83, 1.20) 0.963 0.37 (0.32, 0.44) < 0.001 0.24 (0.19, 0.31) < 0.001 0.51 (0.40, 0.64) < 0.001 0.36 (0.31, 0.43) < 0.001
   Rural 0.91 (0.72, 1.15) 0.431 0.38 (0.30,0.49) < 0.001 0.27 (0.18, 0.41) < 0.001 0.57 (0.42, 0.78) < 0.001 0.46 (0.37, 0.58) < 0.001
Education 
level
   No formal 
education

0.86 (0.66, 1.12) 0.256 0.35 (0.27, 0.45) < 0.001 0.21 (0.14, 0.30) < 0.001 0.47 (0.34, 0.65) < 0.001 0.33 (0.26, 0.43) < 0.001

   Primary 
school

1.16 (0.84, 1.60) 0.378 0.49 (0.36, 0.67) < 0.001 0.30 (0.19, 0.47) < 0.001 0.62 (0.42, 0.93) 0.020 0.54 (0.40, 0.72) < 0.001

   Middle or 
high school

1.08 (0.86, 1.37) 0.496 0.32 (0.26, 0.40) < 0.001 0.27 (0.19, 0.40) < 0.001 0.49 (0.36, 0.66) < 0.001 0.38 (0.31, 0.47) < 0.001

   College or 
above

0.61 (0.40, 0.93) 0.022 0.48 (0.33, 0.72) < 0.001 0.30 (0.16, 0.59) < 0.001 0.67 (0.38, 1.19) 0.172 0.38 (0.26, 0.55) < 0.001

Marital 
status
   Other 0.82 (0.56, 1.18) 0.281 0.37 (0.26, 0.53) < 0.001 0.34 (0.21, 0.53) < 0.001 0.54 (0.36, 0.82) 0.003 0.39 (0.28, 0.53) < 0.001
   Married 0.99 (0.86, 1.14) 0.879 0.37 (0.32, 0.43) < 0.001 0.26 (0.21, 0.32) < 0.001 0.54 (0.45, 0.66) < 0.001 0.39 (0.34, 0.45) < 0.001
Age, sex, residence, marital status, education, smoking status, drinking status, hypertension, and BMI were adjusted for

survey participants to those over 45 years old, the overall 
prevalence of dyslipidemia in China may not be fully rep-
resentative. Second, the duration of DM was not clearly 
recorded, and a prolonged state of hyperglycemia may 
increase the risk of dyslipidemia [31]. Additionally, owing 
to database limitations, specific information on the use 
of lipid-lowering medications by participants could not 
be obtained, which limits the assessment of the poten-
tial impact of specific cholesterol-lowering drugs on the 
study results. Furthermore, a cross-sectional data analy-
sis approach was employed, allowing for rapid assess-
ment of health conditions and trends at a specific point 
in time. However, this method may not fully capture the 
dynamic processes of individuals over time. Treating the 
data as independent cross-sections could overlook poten-
tial time series effects, which may impact the interpreta-
tion of certain results. Future research should consider 
the use of more sophisticated statistical models, such as 
mixed-effects models or longitudinal data analysis meth-
ods, to more comprehensively account for the effects of 
time and individual changes.
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Conclusion
In summary, between 2011 and 2015, individuals in the 
middle-aged and elderly population diagnosed with DM 
and pre-DM showed a significant improvement in the 
average concentrations of TC, HDL-C, and LDL-C. This 
improvement may be partly attributed to the increased 
use of lipid-lowering medications, particularly in the DM 
population. However, despite improvements in blood 
lipid indicators, a considerable proportion of individu-
als with DM and pre-DM still have elevated levels of TG, 
AIP, and RC. Therefore, further progress is needed in 
the comprehensive management of dyslipidemia in DM 
patients to reduce their incidence of cardiovascular dis-
eases and the risk of death.
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Table 8 Temporal changes in the overall prevalence, age-specific prevalence, sex prevalence, residential prevalence, and prevalence 
by education level and marital status of dyslipidemia in the population with normal blood glucose from 2011–2015
2015 vs. 
2011

TG ≥ 200 mg/dl HDL-C < 40 mg/dl LDL-C ≥ 160 mg/dl TC ≥ 240 mg/dl Dyslipidemia
OR (95% CI) P 

value
OR (95% CI) P 

value
OR (95% CI) P value OR (95% CI) P 

value
OR (95% CI) P 

value
Total 1.79 (1.41, 2.27) < 0.001 0.59 (0.49, 0.71) < 0.001 0.23 (0.16, 0.33) < 0.001 0.57 (0.42, 0.78) < 0.001 0.56 

(0.46, 0.68)
< 0.001

Age
   < 60 1.99 (1.47, 2.68) < 0.001 0.62 (0.48, 0.79) < 0.001 0.19 (0.12, 0.31) < 0.001 0.57 (0.38, 0.86) 0.007 0.53 

(0.41, 0.69)
< 0.001

   ≥ 60 1.44 (0.97, 2.12) 0.068 0.54 (0.41, 0.72) < 0.001 0.29 (0.18, 0.49) < 0.001 0.57 (0.36, 0.91) 0.018 0.60 
(0.45, 0.80)

< 0.001

Sex
   Male 1.72 (1.20, 2.48) 0.004 0.58 (0.45, 0.75) < 0.001 0.27 (0.16, 0.47) < 0.001 0.72 (0.43, 1.19) 0.200 0.52 

(0.39, 0.69)
< 0.001

   Female 1.81 (1.32, 2.49) < 0.001 0.57 (0.43, 0.76) < 0.001 0.20 (0.12, 0.32) < 0.001 0.49 (0.33, 0.72) < 0.001 0.59 
(0.45, 0.76)

< 0.001

Residence
   Urban 1.66 (1.21, 2.26) 0.002 0.53 (0.42, 0.67) < 0.001 0.21 (0.14, 0.32) < 0.001 0.58 (0.39, 0.85) 0.006 0.47 

(0.37, 0.59)
< 0.001

   Rural 1.98 (1.32, 2.97) 0.001 0.74 (0.52, 1.07) 0.112 0.27 (0.13, 0.57) 0.001 0.56 (0.31, 1.03) 0.061 0.81 
(0.57, 1.17)

0.263

Education 
level
   No formal 
education

1.55 (0.93, 2.58) 0.094 0.47 (0.32, 0.69) < 0.001 0.23 (0.12, 0.45) < 0.001 0.49 (0.27, 0.86) 0.014 0.53 
(0.35, 0.79)

0.002

   Primary 
school

2.17 (1.11, 4.24) 0.023 0.90 (0.56, 1.44) 0.655 0.20 (0.09, 0.44) < 0.001 0.40 (0.19, 0.86) 0.019 0.58 
(0.36, 0.94)

0.026

   Middle or 
high school

1.96 (1.36, 2.84) < 0.001 0.52 (0.39, 0.70) < 0.001 0.19 (0.09, 0.39) < 0.001 0.80 (0.47, 1.35) 0.402 0.54 
(0.40, 0.73)

< 0.001

   College or 
above

1.57 (0.79, 3.11) 0.199 0.70 (0.39, 1.25) 0.229 0.29 (0.11, 0.77) 0.013 0.52 (0.20, 1.34) 0.173 0.54 
(0.31, 0.95)

0.032

Marital 
status
   Other 1.95 (0.90, 4.21) 0.090 0.63 (0.36, 1.10) 0.105 0.10 (0.03, 0.30) < 0.001 0.27 (0.12, 0.61) 0.001 0.53 

(0.29, 0.96)
0.036

   Married 1.79 (1.39, 2.29) < 0.001 0.58 (0.48, 0.71) < 0.001 0.26 (0.18, 0.38) < 0.001 0.65 (0.47, 0.92) 0.013 0.56 
(0.46, 0.69)

< 0.001

Age, sex, residence, marital status, education, smoking status, drinking status, hypertension, and BMI were adjusted for

https://doi.org/10.1186/s12944-024-02375-8
https://doi.org/10.1186/s12944-024-02375-8
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be accessed online at http://charls.pku.edu.cn. You can register as a CHARLS 
user to access all published data by following the necessary procedure.
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