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Objective: This study aims to analyze the prevalence of dyslipidemia and identify the

cardiovascular disease (CVD) risk stratification among older adults living in Quanzhou,

China’s southeast coastal region, where the ancient Maritime Silk Road starts.

Methods: A population-based cross-sectional survey of 2,018 adults was conducted in 60–

98-year-old residents in Quanzhou from September 2016 to March 2018 using multistage

stratified cluster random sampling. The 10-year CVD risk was also estimated by applying the

Chinese model recommended by the Chinese Guidelines for Prevention of Cardiovascular

Diseases.

Results: The overall prevalence of dyslipidemia among older adults was 56.8%. The

prevalence of high total cholesterol (TC), high low-density lipoprotein cholesterol (LDL-

C), low high-density lipoprotein cholesterol (HDL-C) and high triglyceride (TG) were 8.4%,

13.9%, 23.1% and 11.4%, respectively. The mean levels of TC, LDL-C, HDL-C and TG

were 5.12±1.18, 3.37±0.81, 1.03±0.27 and 1.65±0.76 mmol/L, respectively. Older adults had

low risk, moderate risk and high risk for CVD, which were 49.7%, 36.8% and 13.5%,

respectively. Age, body mass index and abdominal obesity were significantly associated with

the risk of increasing LDL-C levels and were positively correlated to CVD risk.

Conclusion: The prevalence of high TC, high LDL-C, low HDL-C and high TG was

relatively low among older adults in Quanzhou, but their lipid levels were high.

Approximately half of the elderly adults had moderate or high CVD risk. The personalized

primary prevention and control of CVD are recommended for elderly people to identify high-

risk individuals.
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Introduction
Cardiovascular disease (CVD) is the leading cause of mortality, worldwide. At

present, CVD accounts for up to 40% of all deaths in both urban and rural

populations in China. Most CVD occurs in patients over 60 years, and the pre-

valence of CVD in patients over 80 years is 85%. The proportion of patients over

60 yearsis expected to double from 11% to 22% by 2050, with older adults (>60

years old) outnumbering the young (<5 years old) in many countries within a few

years.1,2 Aging biology fundamentally overlaps with CV pathophysiology, and the

expanding senior adult population is inherently predisposed to CVD.3
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The proper management of CVD-related risk factors,

such as dyslipidemia, hypertension, diabetes and obesity,

can remarkably reduce the risk of CVD in older Chinese

patients. Among these risk factors, the prevalence of dys-

lipidemia (64.2%) is higher than hypertension, diabetes

and obesity, with a prevalence of 50%, 19.5% and

30.1%, respectively, for patients within 65–74 years.4,5

A latest national survey based on a larger sample size

also confirmed the high prevalence of abnormal serum

lipid levels in Chinese adults.6 Dyslipidemia, including

high levels of total cholesterol, low-density lipoprotein

cholesterol (LDL-C) and triglyceride (TG), and low levels

of high-density lipoprotein cholesterol (HDL-C), are major

risk factors of atherosclerosis that leads to various

CVDs. The elevation of plasma cholesterol, especially

LDL-C, and non-HDL-C, are the main risk factors for

atherosclerotic cardiovascular disease (ASCVD). With

the aging population trend in China, the picture of public

health posed by dyslipidemia would worsen.7,8

There is a lack of effective primary prevention of CVD

for older adults, and few evidences were available to

indicate the CVD event reduction benefit in primary pre-

vention. Fortunately, CVD risk assessment tools can be

used to assess the 10-year CVD risk, which plays an

important role in CVD prevention and control. The use

of Framingham risk scoring (FRS)9 was recommended by

the National Cholesterol Education Program (NCEP)

Adult Treatment Panel III (ATP III) and the Chinese

model10 was recommended by the Chinese Guidelines

for Prevention of Cardiovascular Disease to help health

professionals predict the combined ischemic CVD and

ischemic stroke risk, which was calculated using simpli-

fied scoring tables. In 2013, the American College of

Cardiology/American Heart Association (ACC/AHA)

pooled cohort equations (PCEs)11 to determine the 10-

year ASCVD risk. Some differences in these risk assess-

ment tools were observed. Lately, research12,13 revealed

that the 10-year ASCVD risk predicted by PCEs was

higher than the ischemic CVD risk predicted using the

Chinese model. Hence, PCEs are appropriate for use in

primary care in an untreated population.

As early as 2,000 years ago, the Maritime Silk Road

started from Quanzhou, China’s southeast coastal region.

The city of Quanzhou has experienced rapid economic

growth over the last few decades under the policy of

reviving the ancient Maritime Silk Road from the

Chinese Government. According to the bulletin on the

elderly population of Quanzhou municipality,

approximately 13.3% of the population in Quanzhou will

be 60 years old in 2016, older populations are projected to

constitute 25% of the total older population by 2040 and

those over 80 years old will account for 14.6% of the total

elderly population. Despite the rapid aging of the popula-

tion in Quanzhou, epidemiological studies on dyslipidemia

and the epidemic of CVD in the context of aging projected

a significant increase in the incidence and prevalence of

CVD, which is scarce.

With the aim of investigating the prediction of CVD

risk, in order to improve the prevention and control of

CVD in the years to come and bring more benefits to the

increasing population age in Quanzhou, the prevalence of

dyslipidemia was determined, and the CVD risk stratifica-

tion among older adults was identified.

Methods
This study was conducted in accordance with the declara-

tion of Helsinki. This study was conducted with approval

from the Ethics Committee of the First Hospital of

Quanzhou Affiliated to Fujian Medical University.

Written informed consent was obtained from the

participants.

Data source and study population
A cross-sectional survey of 2018 adults was conducted in

elderly residents who were 60–98 years old in three dis-

tricts of Quanzhou from September 2016 to March 2018,

in order to collect the general health status of the elderly

using multistage stratified cluster random sampling.

People who have lived at their present address for six

months or longer within the previous 12 months were

eligible to participate in the survey. All subjects were

administered questionnaires regarding socio-demographic

characteristics, including gender, age, education level and

lifestyle factors, such as smoking status, alcohol drinking

habit and physical activity. Fasting venous blood samples

were collected to assess the lipid profile. Weight, height,

waist circumference and blood pressure were measured.

Subjects who received lipid-regulating drugs were

excluded.

Data collection
Height and weight were measured twice using a height–

weight scale that has been previously calibrated. The

subjects stood with their bare feet and wore light cloth-

ing, and the average values were calculated. The body

mass index (BMI) was calculated as weight (kg) divided
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by height (m) squared. Waist circumference (WC) was

measured twice on standing participants at the midpoint

between the lower edge of the costal arch and upper

edge of the iliacus, and the mean values were calculated.

Blood pressure was measured using a mercury sphyg-

momanometer on the right arm of each participant in

a comfortable sitting position after a 30-min rest period.

Three consecutive blood pressure measurements were

performed, and the mean value of these three measure-

ments was applied in the subsequent analysis. Venous

blood samples were collected from all participants in the

morning after at least 12 hrs of fasting and immediately

centrifuged. Then, the specimens were frozen and stored

at −70°C within 2 hrs of collection. Subsequently, fast-

ing blood glucose (FBG), uric acid (UA) and serum lipid

profiles, including total cholesterol (TC), LDL-C, HDL-

C and TG, were assayed using an automated spectro-

photometer, and through the enzymatic colorimetric

method using an AU 5800 analyzer (Beckman Coulter,

CA, USA).

The age groups were classified according to the

Quanzhou census: 60–66 years old, 66–70 years old,

71–75 years old, 76–80 years old and >80 years old.

Educational level was categorized into four groups,

according to the number of years of education (1–6,

7–9, 10–12 and ≥12 years). Smoking was classified in

terms of current smokers or nonsmokers (including ex-

smokers). Habitual alcohol consumption was defined as

drinking twice per month over the past 12 months,

regardless of the quantity of alcohol consumed. Physical

activity was defined as moderate-to-vigorous intensity

physical activity for not less than once a week. BMI

was categorized as underweight (<18.5 kg/m2), normal

weight (18.5–23.9 kg/m2), overweight (24.0–27.9 kg/m2)

and obese (≥28.0 kg/m2).

The 2016 Chinese Guideline for the Management of

Dyslipidemia in Adults (Chinese guideline)14 was used to

classify the serum TC, LDL-C, HDL-C and TG levels.

These classifications defined by Chinese guidelines were

the same with the criteria in the Third Report of the

NCEP Expert Panel on Detection Evaluation and

Treatment of High Blood Cholesterol in Adults (Adult

Treatment Panel III) final report (NCEP-ATP III).15 High

TC was defined as TC ≥6.22 mmol/L, high LDL-C was

defined as LDL-C ≥4.14 mmol/L, low HDL-C was

defined as HDL-C ≥1.04 mmol/L and high TG was

defined as TG ≥2.26 mmol/L. The ideal, appropriate,

borderline high and high LDL-C levels in the risk

stratification were defined as <2.6 mmol/L,

2.6≤LDL<3.4 mmol/L, 3.4≤LDL<4.1 mmol/L and ≥4.1
mmol/L, respectively.

Hypertension was defined as a mean systolic blood

pressure of ≥140 mmHg, and/or diastolic blood pressure

of ≥90 mmHg, and/or self-reported antihypertension treat-

ment in the last two weeks. Diabetes was defined as FBG

≥7.0 mmol/L and/or self-reported treatment of diabetes

with antidiabetes medication in the previous two weeks.

Hyperuricemia was defined as serum UA ≥420 umol/L

(male) and ≥360 umol/L (female). The 10-year fatal or

nonfatal CVD risk was calculated using simplified scoring

tables, which were developed by Wu et al,10 and revised

and recommended by the Chinese Guidelines for

Prevention of Cardiovascular Disease.16 These tables

included the age, gender, SBP, TC level, diabetes mellitus

history and present smoking status of subjects. CVD

events were defined as CAD events and ischemic stroke.

The 10% and 20% risk thresholds were used to categorize

these CVD risks into three groups: low risk (<10%),

moderate risk (10%-20%) and high risk (>20%).

Statistical analysis
The statistical analysis of the data was performed using

Statistical Package for Social Sciences version 21.0 soft-

ware (SPSS, Chicago, IL, USA). Continuous variables were

expressed as mean ± standard deviation (x ± SD).

Categorical variables were expressed in percentage. For

multiple comparisons, each value was compared by one-

way ANOVA, followed by Dunnett’s test when each datum

conformed to normal distribution, while non-normally dis-

tributed continuous data were compared using nonpara-

metric tests. P<0.05 was considered statistically significant.

Results
Socio-demographics and other

characteristics of participants
The characteristics of the study participants are presented

in Table 1. Among the 2,018 participants, 48.9% were

male and 51.1% were female. The mean age of these

participants was 69.23 years(SD: 16.46 years) for men

and 70.11 years (SD: 15.97) for women. The mean

levels of TC, LDL-C, HDL-C and TG were 5.12±1.18,

3.37±0.81, 1.03±0.27 and 1.65±0.76 mmol/L, respectively.

There were significant differences among the different

gender groups, in terms of smoking status, drinking

habit, educational level, physical activity, SBP, DBP,
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BMI, WC, UA and LDL-C level. Compared to women,

more men were currently smoking, drinking and active,

and obese, and had higher educational level, blood pres-

sure, hyperuricemia and LDL-C levels.

Prevalence of dyslipidemia and the age

and gender differences of TC, LDL-C,

HDL-C and TG levels
The overall prevalence of dyslipidemia among older adults in

Quanzhou was 56.8% (Table 2), and the prevalence of high

TC, high LDL-C, low HDL-C and high TG were 8.4%,

13.9%, 23.1% and 11.4%, respectively. There were no sig-

nificant differences in the prevalence of different TC levels

between gender groups. Compared to women, more men had

a higher prevalence at different TG and LDL-C levels and

a lower prevalence at different HDL-C levels. As shown in

Table 3, the peak mean levels for TC, LDL-C and TG

occurred at 66–70 years, while the peak mean levels for the

bottom HDL-C levels occurred at 60–65 years. Until reach-

ing their 80s, the peak HDL-C levels and the bottom TC,

LDL-C and TG levels were reached. In addition, it was found

that TC, LDL-C and TG levels increased with BMI, but

HDL-C levels decreased. Patients in the obese group had

higher levels of TG and LDL-C, and lower levels HDL-C,

when compared to their counterparts.

The prevalence of different LDL levels by

age and factors associated with LDL
According to the risk stratification of Chinese

guidelines,12 the prevalence of older adults in

Quanzhou was 11.9% in ideal LDL-C levels, 36.6% in

appropriate levels, 36.5% in border high levels and

14.9% in high levels. For those who were within

60–70 and 76–80 years, the prevalence was higher at

3.4≤LDL<4.1 mmol/L, while for those who were within

71–75 years and >80 years, the prevalence was higher at

2.6≤LDL<3.4 mmol/L. Furthermore, these LDL-C levels

were significantly negatively correlated to age, but posi-

tively correlated to education level and BMI. Compared

to other LDL levels, those with an LDL of ≥4.1 mmol/L

were smokers and had hypertension, diabetes and hyper-

uricemia (Table 4).

Table 1 Socio-demographic and other characteristics of participants in Quanzhou older adults

Characteristics General (n=2018) Male (n=986) Female (n=1032) Statistics P-value

Age (years) 69.65±15.51 69.23±16.46 70.11±15.97 t=1.219 0.223

Smoking status

Smoker 668 653 15 χ2=955.355 <0.001

Nonsmoker 1350 333 1017

Alcohol drinking habit

Regular drinkers 588 413 175 χ 2=151.766 <0.001

Nondrinker/occasional drinkers 1430 573 857

SBP (mmHg) 134.45±17.32 135.76±18.44 133.11±17.56 t=3.307 <0.001

DBP (mmHg) 85.11±14.17 86.34±15.45 83.87±13.69 t=3.805 <0.001

Educational level χ2=34.985 <0.001

Below primary school 808 345 463

Primary school graduate 546 257 289

Junior school graduate 432 245 187

Senior school graduate and above 232 139 93

BMI (kg/m 2) 23.78±4.25 24.56±4.12 23.11±4.32 t=7.709 <0.001

Waist circumference (cm) 82.21±10.41 84.54±11.23 79.67±10.36 t=10.131 <0.001

FBG (mmol/L) 5.42±1.25 5.44±1.31 5.43±1.26 t=0.175 0.861

TC (mmol/L) 5.12±1.18 5.13±1.22 5.11±1.14 t=0.381 0.352

LDL (mmol/L) 3.37±0.81 3.42±0.89 3.31±0.76 t=2.99 0.003

HDL (mmol/L) 1.03±0.27 1.02±0.21 1.03±0.32 t=0.826 0.204

TG (mmol/L) 1.65±0.76 1.62±0.55 1.68±0.84 t=1.888 0.030

UA (µmol/L) 361.03±81.59 365.37±81.77 354.76±82.43 t=2.902 0.004

Physical activity

Yes 945 598 347 χ 2=147.904 <0.001

No 1073 388 685

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; BMI, Body Mass Index; FBG, fasting blood glucose; TC, total cholesterol; HDL, high-density

lipoprotein; TG, triglycerides; LDL, low-density lipoprotein; UA, uric acid.
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Multivariable logistic regression was used to determine

the associations among gender, age, BMI, abdominal obe-

sity, physical activity, habitual drinking, current smoking

and education level, and hypertension, diabetes and hyper-

uricemia with the odds of LDL-C. The results revealed

that age, BMI and abdominal obesity were significantly

associated with increased risk of LDL-C for both men and

women (Table 5).

Prediction of 10-year CVD risk
As shown in Table 6, 49.7% of older adults had low risk

for CVD, 36.8% of older adults had moderate risk and

13.5% of older adults had high risk. Among the same risk

groups, nearly 60% of older adults who were 66–70 year-

sand 70% of older adults with 2.6≤LDL<3.4 mmol/L

levels had low risk, 50% of older adults who were 76–80

years old and 50% of older adults with 3.4≤LDL<4.1
mmol/L levels had moderate risk, and almost 25% of

older adults who were ≥80 and >40% of older adults

with 3.4≤LDL<4.1 mmol/L levels had high risk. CVD

risk was significantly and positively correlated to age and

LDL-C levels. LDL-C and TG levels reached a peak in

high risk group. In addition, higher LDL-C was associated

with increased risk of 10-year risk for CVD (Table 4).

Discussion
The prevalence and importance of dyslipidemia have

been identified in young and middle-aged adults.17

However, these are less clear in the elderly. In the present

study, the prevalence of dyslipidemia in a population of

>60 years, who are free of CVD at baseline, was 56.8%,

which has decreased, while the prevalence of high TC,

high LDL-C, low HDL-C and high TG were 8.4%,

13.9%, 23.1% and 11.4%, respectively, which were

lower, when compared to the Chinese study (12% had

high TC, 18% had high LDL-C, 12% had low HDL-C

and 15% had high TG), which included a population of

younger subjects (18–79 years old).6 Notably, the preva-

lence of dyslipidemia in elderly people in Quanzhou

presently decreased, and the result is the same as the

result reported by a study,18 showing that dyslipidemia

is more prevalent among nonelderly subjects, when

Table 2 The prevalence of dyslipidemia and gender differences of different levels of serum lipid

General (n=2018) Male (n=986) Female (n=1032) Statistics P-value

TC (mmol/L) χ 2=0.943 0.624

Appropriate level

TC <5.2 1373 (68.04%) 661 (67.04%) 712 (68.80%)

Borderline high

5.2≤ TC <6.2 475 (23.54%) 238 (24.14%) 237 (22.97%)

High

TC ≥6.2 170 (8.42%) 87 (8.82%) 83 (8.04%)

LDL (mmol/L) χ 2=36.395 <0.001

Appropriate level

LDL <3.4 1024 (50.74%) 543 (55.07%) 481 (46.61%)

Borderline high

3.4≤ LDL <4.1 714 (35.38%) 285 (28.90%) 429 (41.57%)

High LDL

≥4.1 L 280 (13.88%) 158 (16.02) 122 (11.82%)

HDL (mmol/L) χ 2=9.917 <0.001

Low HDL

<1.0

467 (23.14%) 258 (26.17%) 209 (20.25%)

Appropriate level

HDL≥1 1551 (76.86%) 728 (73.83%) 823 (79.75%)

TG (mmol/L) χ 2=21.896 <0.001

Appropriate level

<1.7 1479 (73.29%) 691 (70.08%) 788 (76.36%)

Borderline high

1.7≤TG <2.3 310 (15.36%) 150 (15.21%) 160 (15.50%)

High TG

≥2.3 229 (11.35%) 145 (14.71%) 84 (8.14%)

Abbreviations: TC, total cholesterol; HDL, high-density lipoprotein; TG, triglycerides; LDL, low-density lipoprotein.
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Table 3 Age differences of TC, LDL-C, HDL-C, and TG levels in Quanzhou older adults

General n=2018) TC (mmol/L) LDL (mmol/L) HDL (mmol/L) TG (mmol/L)

Age (years)

60–65 355 5.12±1.16 3.49±0.67 0.94±0.25 1.69±0.53

66–70 596 5.14±1.44 3.51±0.63 0.97±0.31 1.75±0.65

71–75 655 5.10±1.53 3.31±0.72ab 1.02±0.41ab 1.62±0.56ab

76–80 338 5.11±1.18 3.42±0.59bc 0.99±0.36a 1.63±0.52ab

>80 74 5.08±1.22 3.28±0.61ab 1.03±0.44a 1.56±0.49

Smoking status

Smoker 668 5.31±1.35 3.62±0.55 0.79±0.28 1.66±0.68

Nonsmoker 1350 4.93±1.44 3.11±0.62 1.12±0.45 1.64±0.57

t-Value 5.694 18.036 17.362 0.695

P-value <0.001 <0.001 <0.001 0.244

Alcohol drinking habit

Regular drinkers 588 5.22±1.21 3.59±0.81 1.01±0.26 1.71±0.71

Nondrinker/occasional drinkers 1430 5.02±1.18 3.23±0.75 1.03±0.25 1.60±0.66

t-Value 3.434 9.569 1.613 3.327

P-value <0.001 <0.001 0.053 <0.001

Educational level

Below primary school 808 5.09±1.22 3.28±0.66 1.03±0.37 1.61±0.54

Primary school graduate 546 5.11±1.45 3.41±0.59a 0.98±0.32a 1.70±0.78a

Junior school graduate 432 5.12±1.56 3.52±0.76ab 0.88±0.28ab 1.73±0.75a

Senior school graduate and above 232 5.14±1.46 3.59±0.72ab 0.89±0.27ab 1.59±0.64bc

Hypertension

Yes 586 5.29±1.25 3.55±0.81 0.84±0.26 1.69±0.69

No 1432 4.95±1.32 3.21±0.77 1.15±0.41 1.61±0.71

t-Value 5.333 8.868 16.959 2.316

P-value <0.001 <0.001 <0.001 0.010

Diabetes

Yes 456 5.28±1.44 3.52±0.59 0.82±0.25 1.71±0.62

No 1562 4.97±1.55 3.25±0.63 1.14±0.49 1.60±0.71

t-Value 3.817 8.166 13.442 2.992

P-value <0.001 <0.001 <0.001 0.001

Hyperuricemia

Yes 367 5.11±1.37 3.49±0.69 0.98±0.31 1.67±0.72

No 1651 5.12±1.58 3.32±0.71 1.02±0.38 1.63±0.77

t-Value 0.112 4.17 1.882 0.911

P-value 0.455 <0.001 0.06 0.181

BMI

Underweight 278 4.67±1.22 2.89±0.49 1.26±0.48 1.01±0.55

Normal weight 875 5.07±1.54 3.41±0.58 1.07±0.37 1.24±0.63

Overweight 447 5.29±1.48 3.49±0.57 0.86±0.27 2.11±0.75

Obese 418 5.44±1.66 3.62±0.65 0.74±0.25 2.30±0.81

Abdominal obesity

Yes 539 5.26±1.76 3.6±0.73 0.76±0.23 2.29±0.74

No 1479 4.97±1.64 3.32±0.64 1.28±0.33 1.04±0.68

t-Value 3.446 8.366 33.718 35.670

P-value <0.001 <0.001 <0.001 <0.001

Physical activity

Yes 897 5.01±1.46 3.11±0.55 1.13±0.39 1.22±0.75

No 1121 5.23±1.68 3.58±0.67 0.86±0.22 2.11±0.86

t-Value 3.096 16.934 19.607 24.438

P-value <0.001 <0.001 <0.001 <0.001

Abbreviation: BMI, Body Mass Index.
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Table 4 Age differences of the prevalence of LDL levels in Quanzhou older adults

N (%) LDL<2.6 (mmol/L) 2.6≤LDL<3.4 3.4≤LDL<4.1 LDL ≥4.1

Age (years)/General 241 (11.94) 739 (36.62) 737 (36.52) 301 (14.92)

60–65 355 (17.59) 50 (14.08) 102 (28.73) 138 (38.87) 65 (18.31)

66–70 596 (29.53) 54 (9.06) 195 (32.72) 256 (42.95) 91 (15.27)

71–75 655 (32.46) 76 (11.60) 296 (44.51) 188 (28.70) 95 (14.50)

76–80 338 (16.75) 51 (15.09) 115 (34.02) 129 (38.16) 43 (12.72)

>80 74 (3.67) 10 (13.51) 31 (41.89) 26 (35.14) 7 (9.46)

G −0.101

P <0.001

Smoking status

Smoker 668 59 (22.78) 167 (21.83) 317 (44.40) 125 (44.64)

Nonsmoker 1350 200 598 397 155

X 114.335

P-value <0.001

Alcohol drinking habit

Regular drinkers 588 49 (19.29) 188 (21.58) 266 (41.43) 85 (33.86)

Nondrinker/occasional drinkers 1430 205 683 376 166

X 85.715

P-value <0.001

Educational level

Below primary school 808 95 378 255 80

Primary school graduate 546 63 184 205 94

Junior school graduate 432 53 117 166 96

Senior school graduate and above 232 19 75 97 41

G 0.18

P <0.001

Hypertension

Yes 586 62 (24.12%) 165 (20.57%) 223 (30.93%) 136 (57.14%)

No 1432 195 637 498 102

X 123.378

P-value <0.001

Diabetes

Yes 456 34 (14.47%) 136 (16%) 189 (27.51%) 97 (39.43%)

No 1562 201 714 498 149

X 79.369

P-value <0.001

Hyperuricemia

Yes 367 69 (32.39%) 101 (10.25%) 132 (19.58%) 65 (44.52%)

No 1651 144 884 542 81

X 139.49

P-value <0.001

BMI

Underweight 278 89 112 57 20

Normal weight 875 65 365 387 58

Overweight 447 36 105 226 80

Obese 418 34 94 237 53

G 0.339

P <0.001

Abdominal obesity

Yes 539 36 (15.65%) 154 (17.4%) 289 (39.86%) 60 (33.71%)

No 1479 194 731 436 118

X 122.059

(Continued)
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compared to elderly subjects. Five prescriptions were

important for blood lipid control: drugs, exercise, nutri-

tion, psychological sleep and alcohol cessation, such as

a diversified diet, drinking more water, eating more fresh

vegetables and fruits, and moderate consumption of soy

products. Soy is rich in lecithin, which is beneficial for

the utilization of lipids through the blood vessel wall,

reducing the cholesterol in the blood. Food with high fat

and cholesterol should be strictly limited, and the amount

of staple food should be appropriately controlled. Alcohol

should be restricted or abstained, aerobic exercise should

be strengthened, and when diabetes is present, blood

sugar should be controlled and blood sugar fluctuation

should be avoided. As the origin of the ancient Maritime

Silk Road, Quanzhou owns its unique environmental and

socioeconomic factors, such as habits in diet, where

people prefer to eat more seafood, fresh fruits and vege-

tables, drink more tea and have a lifestyle that is not

highly stressful. These people live a relatively easy life

rather than that in metropolitan areas, such as Beijing and

Table 4 (Continued).

N (%) LDL<2.6 (mmol/L) 2.6≤LDL<3.4 3.4≤LDL<4.1 LDL ≥4.1

P-value <0.001

Physical activity

Yes 897 69 (58.47%) 542 (62.59%) 253 (27.62%) 33 (27.97%)

No 1121 49 324 663 85

X 242.826

P-value <0.001

Abbreviation: BMI, Body Mass Index.

Table 6 The prediction of CVD risk in Quanzhou older adults

Low risk (N=1002) Moderate risk (N=743) High risk (N=273) Statistics P-value

Gender χ 2=11.722 <0.003

Male (n=986) 463 (22.94%) 365 (18.09%) 158 (7.83%)

Female (n=1032) 539 (26.71%) 378 (18.73%) 115 (5.70%)

Age G=0.079 0.009

60–65 170 (47.89%) 108 (30.42%) 77 (21.69%)

66–70 355 (59.56%) 172 (28.86%) 69 (11.58%)

71–75 311 (47.48%) 284 (43.36%) 60 (9.16%)

76–80 136 (40.24%) 153 (45.27%) 49 (14.49%)

>80 30 (40.54%) 26 (35.14%) 18 (24.32%)

Serum lipid levels

TC (mmol/L) 4.81±1.31 5.18±1.48 5.47±1.54

HDL (mmol/L) 1.27±0.44 0.98±0.36 0.77±0.29

TG (mmol/L) 1.41±0.66 2.01±0.73 2.24±0.78

LDL (mmol/L) 2.98±0.52 3.49±0.48 3.55±0.61

LDL levels G=0.792 <0.001

LDL<2.6 265 (26.45%) 29 (3.90%) 9 (3.30%)

2.6≤LDL<3.4 696 (69.46%) 287 (38.63%) 71 (26.01%)

3.4≤LDL<4.1 30 (2.99%) 372 (50.07%) 116 (42.49%)

LDL ≥4.1 11 (1.10%) 55 (7.40%) 77 (28.21%)

Abbreviations: TC, total cholesterol ; HDL, high-density lipoprotein; TG, triglycerides; LDL, low-density lipoprotein.

Table 5 Impact factors on LDL levels in Quanzhou older adults

Dependent variable Impact factors B SE Wald X2 P-value OR 95%CI

LDL Age 0.332 0.124 6.660 0.011 2.357 1.236–4.163

BMI 0.661 0.327 4.086 0.041 1.442 1.262–3.847

Abdominal obesity 0.427 0.212 4.057 0.047 1.213 0.835–2.867

Abbreviations: BMI, Body Mass Index; LDL, low-density lipoprotein.
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Shanghai. These main factors may be the explanation for

the decrease in the prevalence of dyslipidemia.

A large national representative survey6 in 2013–2014

in Chinese adults revealed that the mean levels of TC,

HDL-C, LDL-C and TG were 4.70, 1.35, 2.88 and 1.14

mmol/L, respectively. According to the present study on

older adults in Quanzhou, the mean levels of TC, HDL-C,

LDL-C and TG were 5.12, 1.03, 3.37 and 1.65 mmol/L,

respectively. Elderly people have different lipid levels, and

for the young and middle-aged people, they have higher

TC, LDL-C and TG levels, and lower HDL-C levels.19

Furthermore, compared with the other age groups, those

who were within 66–70 yearshad higher levels of TC,

LDL-C and TG levels, while those who were ≥80 years

had lower levels for TC, LDL-C and TG levels. The

precise mechanisms of the effect of age on serum lipid

concentrations are not exactly known, and these may be

correlated to reduced sex hormones, hereditary character-

istics and degenerative processes.20

The Chinese guidelines for dyslipidemia prevention have

established target levels of LDL-C for different risk groups.

The decrease in LDL-C has been shown to significantly

improve cardiovascular health.12 For LDL cholesterol levels,

every 38 mg/dL of LDL reduction is associated with a 20%

reduction in CVD events.21 However, few data has shown

benefits in older adults. Therefore, the prevalence of different

LDL levels was further explored according to the risk stratifi-

cation of older adults in Quanzhou by age, and the associated

factors on LDLwere analyzed. The results revealed that nearly

50% of older adults had ideal and appropriate LDL-C levels,

while approximately half of older adults were in borderline

high and high levels. Age, BMI and abdominal obesity were

significantly associatedwith LDL-C for bothmen andwomen.

Age weakened the LDL-C level, while BMI and abdominal

obesity elevated the LDL-C level. In general, the BMIs of

older adults were encouraged to be <25 kg/m2, because the

reduction in BMI can alleviate dyslipidemia.22 When people

become older, their physical function gradually degenerates.

Hence, the harmful effects of obesity among the elderly may

have been underestimated due to Chinese ethnicity.23,24 These

studies show that only a small proportion were obese (3.62%

withBMI≥30 kg/m2 and 0.39%withBMI≥35 kg/m2), but little

is known about abdominal obesity. Hence, older but healthier

individuals with high BMI might already have an elevated

LDL-C level.

It has been estimated12 that the average 10-year ASCVD

risk among adults within 40–79 yearsand without self-

reported stroke or MI was 12.6%, while approximately half

of Chinese adults within 40–79 years had moderate or high

ASCVD risk. In the present study, 13.5% of older adults had

high risk, while 50% of adults who were ≥60 yearsand nearly
60% of those who were ≥76 years had moderate or high

ASCVD risk, which was almost the same as those in other

findings.25 For older adults with higher LDL-C levels, the

risk for ASCVD was higher than those with lower LDL-C

levels. Those in the high-risk group reached the highest LDL-

C level. However, the high prevalence in the high-risk group

was not at the high level for LDL ≥4.1 mmol/L, but at the

borderline high level with 3.4<LDL<4.1 mmol/L, indicating

that not only LDL-C level but also other risk factors, espe-

cially age, may increase the risk of ASCVD in older adults.

Those who were >80 yearshad a higher prevalence in high-

risk group. When dyslipidemia and other CVD risk factors,

especially age and weight, among older adults coexisted, the

cumulative effects of various risk factors aggravated. This

may potentiate each other, resulting in greater total cardio-

vascular risk, when compared to its individual components.

The present study has several limitations. First, the

sample size was small and the geographical distribution

was narrow. Second, the cross-sectional study design

could not establish the direction of some associations,

and the data during risk assessment was considered as

a limitation, resulting in the underestimation of the pro-

portion of older populations with 10-year ASCVD risk.

Third, the study did not have adequate power to detect

the differences among other risk assessment tools, such

as ACC/AHA PCEs and FRS, which may be more

persuasive in evaluating the prediction of 10-year CVD

risk in the elderly population. Fourth, the disease screen-

ing correlated to hypertension and diabetes may also be

limited, because these were mostly based on self-reports.

Future studies are needed to confirm the prevalence and

control status of dyslipidemia, and the needs of this

growing population and age-related mechanisms. In

addition, the issues of risk stratification on the elderly

population should be highlighted, in order to alleviate

the burden of CVD and its costs for both individuals and

society. Fifth, the information about GFR, C-reactive

protein, or evidence on the prevalence of subclinical

arteriosclerotic lesion remains unknown and needs

further research.

Conclusion
In summary, the prevalence of dyslipidemia among Quanzhou

elderly adults was 56.8%, the prevalence of high TC, high

LDL-C, low HDL-C and high TG was relatively low, but the
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lipid levels were high. Approximately half of elderly adults

had moderate or high CVD risk, when compared to their

counterparts. Age, BMI and abdominal obesity were signifi-

cantly associated with increased risk of LDL-C levels, and

these were also positively correlated to CVD risk. Considering

that the risk factors and CVD profile have changed among

older populations, the personalized primary prevention and

control of CVD are recommended, in order to identify high-

risk individuals. This would not only be beneficial for health

workers, but also for elderly people and the society.
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