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Background and Aims: Dyslipidemia is obviously an important risk factor for cardiovascular diseases, which might further lead to
disability and death in aged population. We thus performed the current study to evaluate the association between chronological age and
dyslipidemia.

Subjects and Methods: A total number of 59,716 Chinese aged population (31,174 men and 28,542 women, average age 67.8y)
were included in the current study. Age and sex were abstracted from medical records. Height, body weight, and blood pressure were
measured by trained nurses. Serum concentration of total cholesterol (TC) and total triglycerides were performed by enzyme-linked
immunosorbent method after at least 8-h fast. Dyslipidemia was defined if total cholesterol>5.7 mmol/L, or total triglycerides>1.7
mmol/L, or self-reported history of dyslipidemia.

Results: The prevalence of dyslipidemia was 50.4% in the current study population. Compared to the youngest age group (60—64y),
the adjusted odds ratio was 0.88 (95% CI: 0.84, 0.92), 0.77 (95% CI: 0.73, 0.81), 0.66 (95% CI: 0.61, 0.70), 0.55 (95% CI: 0.50, 0.59)
for the participants who were 65 to 69, 70-74, 75-79, and >80 years old (p trend <0.001). Excluding participants with low body
weight and with overweight and obesity, with high blood pressure and history of hypertension, with high fasting blood glucose and
history of diabetes, generated similar results with main analysis.

Conclusion: Chronological age was closely associated with the risk of dyslipidemia in Chinese aged population.
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Introduction
China, as well as the whole world, is experiencing a dramatical increase in aged population.’ Obviously, aged population
are in high risk of atherosclerosis and further infarction, hemorrhage, and stroke.” Among which, dyslipidemia was
believed to be involved both in the development of atherosclerosis and cardiovascular disease.> A national-wide cross-
sectional study reported that the prevalence of high total cholesterol and high total triglycerides was 7.1% and 16.9% in
Chinese adults.* As for older Chinese adults, another cross-sectional study reported that the prevalence of high total
cholesterol and high total triglycerides was 8.4% and 11.4% in 2018 Chinese older adults (60-98 years old).” Further, the
trend in the prevalence of dyslipidemia linearly increased: hypercholesterolemia increased from 1.6% in 2002, to 5.6% in
2010, and then to 5.8% in 2015, while hypertriglyceridemia increased from 5.7% to 13.6% and then to 15.0% during the
same study period.°

Unbalanced dietary pattern and sedentary behavior in China obviously contributed to high prevalence of dyslipidemia
in the country. Subjects with dyslipidemia are prone to oxidative stress and endothelial dysfunction, contributing
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to formation of foam cells and atherosclerotic lesions under the action of chemical attractants and pro-inflammatory
cytokines.” In addition, it will lead to decreased vasoconstriction and increased blood pressure, which will aggravate the
pathological changes and development of atherosclerosis.® Followed after hypertension (78.5%), overweight or obesity
(61.6%), dyslipidemia (54.4%) was the third risk factor identified in 6580 stroke patients.”

Lipid-lowering therapy, such as statin, is suggested to treat dyslipidemia. However, when to start treatment is important
due to specific physiological change in lipid metabolism in aged population.'® Dyslipidemia awareness and control rates in
China were 3- and 7-fold lower than US rates, respectively.'' Furthermore, the association between chronological age and
concentration of lipid profiles remains controversial. A cross-sectional study reported that the risk of dyslipidemia was lower
in aged population (65—75y), compared with young adults (35-44y); however, the participants were young (mean age: 54.5
49.3y).'? Another cross-sectional study performed in aged population (60-98y) reported concentration of total cholesterol
(TC) and total triglycerides (TG) decreased as chronological age increased, however, the risk of high low-density-lipoprotein
cholesterol (LDL-C) increased.” A third cross-sectional study reported dyslipidemia was negatively associated with chron-
ological age in participants with abnormal glucose metabolism but not in those with non-diabetic participants.'®> Some other
studies performed in adult participants reported that the concentration of TC and TG peaked at about 5060 years old,'* ¢
which meant that the levels of TC and TG remained relatively stable after 60 years old."”

Therefore, we performed the current cross-sectional study in a large sample size (= 60,000) of Chinese aged
population who were recruited from Healthy Management Center in our hospital. Exploring the association between
chronological age and the risk of dyslipidemia might provide evidence to whether it is necessary to start statin treatment
and when to start.

Subjects and Methods
Study Population

This is a cross-sectional study. All the potential participants were recruited from Medical Health Center of Ren Ji
Hospital, School of Medicine, Shanghai Jiao Tong University from 2014 to 2021. The inclusion criteria were
participants who were 60 years old or older. The exclusion criteria were listed as following: (1) participants without
anthropometrical data (n=6868); (2) participants without information on blood pressure (n=707); (3) participants
without biochemical test data (n=4938); (4) participants with history of cancer (n=220); (5) participants with history
of chronic kidney disease (n=79) and whose estimated glomerular filtration rate <60 mL/min/1.73m? (n=3372).'*
The details are shown in Figure 1. This study was conducted according to the guidelines laid down in the
Declaration of Helsinki, and all procedures involving human subjects/patients were approved by the Ethical
Committee of Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University (No. KY-2019-112). As
a retrospective study, patients’ written consent was waived by the same Ethical Committee. Data was stored and
analyzed in the special computer to ensure confidentiality and patients’ personal information was concealed by re-
coding procedure.

Measure of Biochemical Parameters
All the biochemical analyses were completed at the Department of Laboratory Medicine, Ren Ji Hospital after fasting for
at least 8 h. Venous blood was drawn and transfused into a tube containing EDTA. Total cholesterol, total triglycerides,
fasting blood glucose, aspartate transaminase, and alanine transaminase were measured by enzyme-linked immunosor-
bent method. Estimated glomerular filtration rate was estimated by the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation.'®

Dyslipidemia was defined if total cholesterol >5.7 mmol/L, or total triglycerides >1.7 mmol/L, or self-reported history
of dyslipidemia.*®

Measurement of Other Information
Age and sex were abstracted from medical record. Participants were further classified into following groups based
on their age: <64y, 65-69y, 70-74y, 7579y, and >80y. Body weight and height were measured in light clothes
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Figure | The process of sample recruitment.

with bare foot. Body weight was measured with an accuracy of 0.1 kg, and height was measured with an accuracy
of 0.5 cm. BMI was calculated as weight in kilograms divided by squared height in meters. Based on the
recommendation for Chinese adults, participants were classified into the following: underweight (BMI
<18.5 kg/m?), normal weight (18.5 kg/m* <BMI< 24.0 kg/m?), overweight (24.0 kg/m* < BMI <28.0 kg/m?),
and obesity (BMI >28.0 kg/m?).*!

Blood pressure was measured using an automatic blood pressure monitor (HBP-9020, Omron, China) after at least
10-min rest. If the blood pressure was higher than normal, the measurement was repeated after 10 min of rest and the
mean of the 2 measurements was recorded for further analysis. The history of hypertension, diabetes, dyslipidemia, and
cancer were collected by a self-reported questionnaire (please see Supplementary Figure 1).

Statistical Analysis

All the analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA). Two-sided P<0.05 was
considered statistically significant. Kolmogorov—Smirnov test was used to test the normality of the continuous variables;
if it was in normal distribution, data were presented as means and standard deviations (SD), and if it was in abnormal
distribution, data were presented as median and interquartile range. Non-paired ¢-test was used to compare difference
in continuous variables between men and women if they were in normal distribution. If continuous variables were in
abnormal distribution, the differences between men and women were compared with chi-square test. The difference in
total cholesterol and total triglycerides across age groups was compared by ANOVA. Categorical variables were shown
as proportion and Chi squared test was used to test the difference. In the current study, chronological age is the exposure
and the case of dyslipidemia was the outcome. The association between age and the risk of dyslipidemia was assessed
using multivariate logistic regression. We adjusted for potential confounders in different models: model 1, adjusting sex;
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model 2, adjusting sex and further adjusting systolic blood pressure (mmHg), diastolic blood pressure (mmHg), fasting
blood glucose (mmol/L), and BMI (kg/m?); model 3, adjusting variables in model 2 and further adjusting estimated
glomerular filtration rate (mL/min/1.73m?), alanine aminotransferase (IU/L), and aspartate aminotransferase (IU/L).

To test the robustness, we further performed three sensitivity analyses: excluding participants with low body weight,**

23,24 25

or with overweight and obesity, excluding those with high blood pressure or with history of hypertension,” and

excluding those with high fasting blood glucose or with history of diabetes.?

Results
The average age, BMI, TC, and TG were 67.8+6.3y, 24.7+3.2 kg/m?, 5.1+1.0 mmol/L and 1.4 mmol/L (interquartile
range: 1.01 mmol/L, 1.99 mmol/L), respectively, in the current study. Men were older, taller, and had a greater body
weight and BMI than women. The FBG level was also higher in men than that in women; however, SBP, TC, and TG
were higher in women than those in men (Table 1).

The prevalence of underweight, overweight, and obesity were, respectively, 2.2%, 43.1%, and 14.3%. The
prevalence of underweight increased while the prevalence of overweight and obesity decreased with the increase
in age (Supplemental Table 1).

The median of TC and TG level decreased as the chronological age increased. The median TC was 5.22+0.99
mmol/L and 4.90+1.04 mmol/L, respectively, for the participants who were younger than 65 years old and
participants who were older than 80 years old. The situation was similar for TG level. The level of TG was 1.43
(interquartile range: 1.03, 2.03) mmol/L and 1.26 (interquartile range: 0.90, 1.76) mmol/L for the two extreme age
groups (Figure 2).

The prevalence of dyslipidemia was 50.4% in the current study population. Compared to the youngest age group
(<65y), the adjusted odds ratio was 0.88 (95% CI: 0.84, 0.92), 0.77 (95% CI: 0.73, 0.81), 0.66 (95% CI: 0.61, 0.70), 0.55
(95% CI: 0.50, 0.59) for the participants who were 65 to 69, 70-74, 75-79, and >80 years old (p trend <0.001) after
adjustment of sex, SBP, DBP, FBG, ALT, AST, and eGFR (Table 2, model 3).

Table | Clinical Characteristics in 59,716 Chinese Aged Population

Parameter Men (n=31,174) Women (n=28,542) Total (n=59,716) P
Age, years 67.9%£6.5 67.8+6.2 67.8+6.3 0.03
Height, cm 167.5+6.0 155.4+5.7 161.7+8.4 <0.001
BW, kg 69.7£9.9 59.4+9.0 64.7£10.7 <0.001
BMI, kg/m? 24.843.1 24.6+3.4 24.743.2 <0.001
FBG, mmol/L 5.8£1.6 5.7%1.5 5.8%£1.6 <0.001
SBP, mmHg 138.8+18.4 140.2+18.5 139.4+18.4 <0.001
DBP, mmHg 79.9+10.4 78.7£10.3 79.3£10.4 <0.001
TC, mmol/L 4.9+1.0 5.4£1.0 5.1£1.0 <0.001
TG, mmol/L* 1.36 (0.97, 1.95) 1.46 (1.07, 2.04) 1.4 (1.01, 1.99) <0.001
ALT, U/L 22.3%17.1 21.6£19.9 22.0+185 <0.001
AST, U/L 23.0£11.4 24.1£13.3 23.5%12.4 <0.001
EGFR, mL/min 85.3%11.4 86.3+10.8 85.8%11.1 <0.001
History of hypertension, % 732 74.1 739 <0.001
History of dyslipidemia, % 43.1 57.6 50.0 <0.001
History of diabetes, % 245 20.1 224 <0.001

Notes: *Abnormal distribution, the data was presented as median plus interquartile range. The differences in continuous variables were
compared with non-paired t-test if it was in normal distribution; or it was compared with Chi-square test. The differences in categorical
variables were compared with Chi-square test.

Abbreviations: BW, body weight; BMI, body mass index; FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TC, total cholesterol; TG, total triglycerides; ALT, alanine aminotransferase; AST, aspartate aminotransferase; EGFR,
estimated glomerular filtration rate.
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Figure 2 (A) The concentration of total cholesterol across different age groups in 59,716 Chinese aged population. (B) The concentration of total triglycerides across
different age groups in 59,716 Chinese aged population. Group |, 60—64 y; Group 2, 65-69 y; Group 3, 70-74 y; Group 4, 75-79 y; Group 5, 280y. The differences in serum
total cholesterol and total triglycerides were compared with ANOVA test.

We further performed the association between chronological age and dyslipidemia in three sensitivity analyses
(Table 3). The association was similar with main analysis after excluding participants with low body weight (n=1293)
and overweight and obesity (n=34,272), excluding participants with high blood pressure (n=43,775) and history of
hypertension (n=2975), excluding participants with high fasting blood glucose (n=15,667) and history of diabetes (n=594).

Table 2 The Association Between Age and the Risk of Dyslipidemia in 59,716 Chinese Aged Population: Multivariate Logistic
Regression Analysis

Model Age Group P Trend
60-64 y 65-69 y 70-74 y 75-719 y >80 y

Number 22,138 17,819 10,578 5292 3709 N/A

Case of dyslipidemia 11,737 9149 5244 2449 1504 N/A

Model | | (ref) 0.95 (0.91, 0.99) 0.88 (0.84, 0.92) 0.77 (0.72, 0.81) 0.63 (0.58, 0.67) <0.001

Model 2 | (ref) 0.93 (0.89, 0.96) 0.85 (0.81, 0.90) 0.76 (0.72, 0.81) 0.67 (0.62, 0.72) <0.001

Model 3 | (ref) 0.88 (0.84, 0.92) 0.77 (0.73, 0.81) 0.66 (0.61, 0.70) 0.55 (0.50, 0.59) <0.001

Notes: Dyslipidemia was defined if total cholesterol=5.7 mmol/L, or total triglycerides=1.7 mmol/L, or self-reported history of dyslipidemia. Model I: adjusting sex. Model 2:
adjusting sex and further adjusting systolic blood pressure (mmHg), diastolic blood pressure (mmHg), fasting blood glucose (mmol/L), and BMI (kg/m?). Model 3: adjusting
variables in model 2 and further adjusting estimated glomerular filtration rate (mL/min/1.73m?), alanine aminotransferase (IU/L), and aspartate aminotransferase (IU/L).

Table 3 The Association Between Age and the Risk of Dyslipidemia in Chinese Aged Population by Logistic Regression Model:
Sensitivity Analysis

Sensitivity Analysis Age Group P Trend
60-64y | 65-69y 70-74y 75-79 y >80 y
| Number 9276 6958 4085 2090 1742 N/A
Case of dyslipidemia 4391 3118 1792 836 596 N/A
Multiple-adjusted model | 1 (ref) 0.90 (0.84, 0.96) | 0.79 (0.73,0.86) | 0.65 (0.58, 0.72) | 0.52 (0.46, 0.59) | <0.001
(Continued)
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Table 3 (Continued).

Sensitivity Analysis Age Group P Trend
60-64y | 65-69y 70-74y 75-719y >80 y

Il Number 6512 3648 1653 715 458 N/A
Case of dyslipidemia 2907 1519 642 254 116 N/A
Multiple-adjusted model | | (ref) 0.84 (0.77,0.91) | 0.70 (0.62, 0.79) | 0.62 (0.52, 0.73) | 0.41 (0.33, 0.52) | <0.00I

n Number 16,971 12,912 7293 3656 2613 N/A
Case of dyslipidemia 8510 6346 3493 1604 979 N/A
Multiple-adjusted model | | (ref) 0.90 (0.86, 0.94) | 0.82 (0.77,0.87) | 0.68 (0.63, 0.73) | 0.54 (0.49, 0.59) | <0.001

Notes: Dyslipidemia was defined if total cholesterol25.7 mmol/L, or total triglycerides21.7 mmol/L, or self-reported history of dyslipidemia. Sensitivity I: excluding
participants with low BMI (<18.5 kg/m? n=1293) and overweight and obesity (224.0 kg/m?, n=34,272). Sensitivity II: excluding participants with high blood pressure (either
systolic blood pressure2130 mmHg or diastolic blood pressure=130 mmHg, n=43,775) and participants with history of hypertension (n=2975). Sensitivity Ill: excluding
participants with high fasting blood glucose (26.0 mmol/L, n=15,667) and participants with history of diabetes (n=594). Model: adjusting sex, systolic blood pressure (mmHg),
diastolic blood pressure (mmHg), fasting blood glucose (mmol/L), BMI (kg/m?), estimated glomerular filtration rate (mL/min/1.73m?), alanine aminotransferase (IU/L), and
aspartate aminotransferase (IU/L).

Discussions

In the current cross-sectional study including 59,716 Chinese aged population, we found that chronological age was
associated with a higher risk of dyslipidemia after adjusting for conventional risk factors for dyslipidemia, including
BMI, sex, blood pressure, fasting blood glucose, and liver and renal function. With the increase in chronological age, the
risk of dyslipidemia decreased.

Our study reported that the prevalence of dyslipidemia (confirmed by total cholesterol >5.7 mmol/L, or total
triglycerides >1.7 mmol/L, or self-reported history of dyslipidemia) was 50.4%. Lu et al* performed a national-wide
cross-sectional study in 2,314,538 Chinese adults aged 35 to 75 years old and reported that the prevalence of
dyslipidemia was 33.8%. Using data from the 2015 China National Stroke Screening and Prevention Project
(CNSSPP), another cross-sectional study including 135,403 Chinese adults (>40 years) reported that the prevalence of
dyslipidemia was 42.7%.%” Another cross-sectional study performed in Chinese older adults (60-98 years old) reported
that the prevalence of dyslipidemia was 56.8%.> Our study, together with other studies, supported the conclusion that
dyslipidemia in Chinese adults is very common, though it is lower than that in American adults.?®

With the increase in age, the prevalence of overweight and obesity in elderly decreased while the prevalence of
underweight increased in previous studies.”” ' A previous study including 2032 Mexican adults (>50 year) reported that
0.6% of them was found to be underweight, 21.4% normal weight, 49.4% overweight, and 28.7% obesity.”’ The study
performed in Japanese older adults (>50 year) reported that the prevalence of underweight was 8.6% and 9.7% in men and
women, while the prevalence of overweight/obesity was 22.5% and 26.8% in men and women, respectively.*® The study
from Korea reported that the prevalence of underweight was 3.5%, while overweight/obesity was 57.9%.%' Our study
reported that the prevalence of underweight was 2.2%, while overweight/obesity was 57.4%. Another Brazilian study
reported that the prevalence of underweight was 15.6%.>2 It is obviously higher than that in our study (2.2% in our study vs
15.6% in Brazilian study). Economic status might be one of the possible reasons, because the participants were from
Shanghai China, which is known as the most prosperous city in China. Another possible reason was the average age among
different studies. The average age in our study is older than that in Mexican” and Korean®” studies, while younger than that
in Japanese study.®' Further, the prevalence of underweight doubled in participants aged 80 years or more, which indicated
it remained important to make sure that aged population could get enough nutrition to maintain a healthy body weight.

Previous studies in general population found that with the increase in age, the prevalence of high TC, TG, and LDL-C
raised simultaneously peaked at about 50- to 60-year-old, and then began to present a downward trend.>'%!41733736 Thjg
trend was similar in men with that in women.>* However, the results were inconsistent in aged population. One cross-
sectional study reported concentrations of TC and TG decreased as chronological age increased, but the risk of high low-
density-lipoprotein cholesterol (LDL-C) increased.” Another cross-sectional study reported dyslipidemia was negatively
associated with age in participants with abnormal glucose metabolism but not in those with non-diabetic participants.'®
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Our results supported the point that TC and TG decreased as age increased. Cohort studies are needed to further evaluate
the association between changes in lipid profiles and events of cardiovascular diseases and even death.

The strength of the current study included a large sample size and adjustment of a series of risk factors for
dyslipidemia. However, some limitations must be addressed. First of all, we cannot infer a causal relationship between
chronological age and dyslipidemia because of the cross-sectional design. Similarly, we did not know whether the change
in the concentration of lipid profiles could have some potential effects on cardiovascular events due to cross-sectional
study design. Second, diet and physical activity, which were closely associated with the risk of dyslipidemia,®” were lost.
However, we performed three sensitivity analysis, including excluding participants with overweight and obesity, with
high blood pressure or with a history of hypertension, with abnormal fasting blood glucose or with a history of diabetes,
because these participants were more likely to have imbalanced diet and sedentary behavior. We thus could not analyze
the extent to which adjustment for diet and physical activity would have modified the association between chronological
age and dyslipidemia. Third, all the participants were recruited from those who underwent health checkup in our hospital.
Thus, the generalizability of study population was limited. Furthermore, Shanghai is known as the most prosperous city
in China, this study population cannot represent people from other regions in China. Fourth, information on history of
hypertension and diabetes were self-reported, we could not exclude the possibility of recall bias. Finally, we did not have
the information on lipid-lowering drugs such as statin, which might cause distraction on the results and misclassification
of dyslipidemia.

Conclusions

Chronological age was closely associated with the risk of dyslipidemia in Chinese aged population. As age increased, the
levels of TC and TG gradually decreased. Because dyslipidemia is involved in the development of both atherosclerosis
and cardiovascular events, a well-designed cohort study is necessary to elucidate the effects of change in lipid profiles on
the risk of atherosclerosis and cardiovascular events.
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