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Abstract:

 Background: Clustering of cardiovascular disease (CVD) risk factors constitutes a major public health challenge. Although a number of researchers have investigated the CVD risk factor clusters in China, little is known about the related prevalence and clustering associated with demographics in Jilin Province in China; this study aims to reveal that relationship. Methods: A cross-sectional survey based on a sample of 16,834 adults aged 18 to 79 years was conducted in Jilin in 2012. The prevalence and clustering of CVD risk factors were analysed through complex weighted computation. Quantitative variables were compared by the t test, and categorical variables were compared by the Rao-Scott-χ2 test. Finally, multivariable logistic regression analysis was used to evaluate the CVD risk factor clusters associated with demographics. Results: The prevalences of hypertension, diabetes, dyslipidemia, overweight and smoking were 37.3%, 8.2%, 36.8%, 47.3%, and 31.0%, respectively, and these risk factors were associated with gender, education level, age, occupation and family income (p < 0.05). Overall, compared with females, the adjusted ORs of ≥1, ≥2 and ≥3 risk factors clusters in males were 3.70 (95%CI 3.26 to 4.20), 4.66 (95%CI 4.09 to 5.31), and 5.76 (95%CI 5.01 to 6.63), respectively. In particular, the adjusted ORs of ≥1, ≥2 and ≥3 risk factors increased with age. Conclusions: CVD risk factor clusters are common among adults in northeast China, and they constitute a major public health challenge. More effective attention and interventions should be directed toward the elderly and toward persons with lower incomes and low levels of education.
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1. Introduction

Cardiovascular disease (CVD) is not only a serious threat to human health, but also an important contributor to the total costs of medical care worldwide [1]. According to the statistics, 30% of people die from CVD [2]. As a major cause of mortality, CVD is increasing at an alarming rate in China [3], and the related economic burden from 2005 to 2015 was estimated to be $550 billion [4].

Hypertension, diabetes, dyslipidemia, overweight and smoking are five well-established major risk factors for CVD [5,6,7]. Furthermore, a number of studies have indicated that the prevalence of CVD risk factors has increased in China in recent decades [8,9,10,11]. It is also well-recognized in the literature that a combination of these risk factors in one individual increases the risk of CVD. Meanwhile, studies have also shown that CVD risk factors tend to cluster and that the risk for CVD increases substantially with each additional risk factor [12,13,14].

Numerous researchers have investigated CVD risk factor clusters in China, such as CVD risk factor clustering among ethnic groups by Li et al. [15] and the prevalence of CVD risk factor clustering among the adult population by Gu et al [16]. However, little is known about the prevalence and clustering of CVD risk factors associated with the demographics in Jilin Province, China.

Jilin is located in the central part of northeast China (latitude 40°~46°, longitude 121°~131°), with approximately 27 million people and an annual average temperature of 4.8 °C. The prevalence of chronic disease in Jilin Province was measured by Jilin University and the Jilin Department of Health in 2012. Here we use that investigative data to identify the prevalence of CVD risk factor clusters associated with demographics, which is important for any future attempts to reduce the prevalence of CVD. Additionally, we reveal that cold climates may place people at risk of developing CVD risk factors through poor diets and restricted physical activity.



2. Materials and Methods


2.1. Study Population

We implemented a large-scale cross-sectional survey in Jilin Province in 2012, with a total sample size of 23,050. Multistage stratified random cluster sampling was used to select people aged 18 to 79 years old [17]. For the purpose of the present analyses, some subjects were excluded due to missing values (see the details in Parts 1 and 2 of the online Supplementary Material). Finally, a total of 16,834 people were included in the present analyses.



2.2. Ethics Statement

The ethics committee of the School of Public Health, Jilin University approved the study, and written informed consent was obtained from all of the participants before data collection.



2.3. Data Collection and Measurement

All data were collected by direct interviews to ensure uniformity and accuracy. The questionnaire included demographics (e.g., gender, age, education, etc.), health-related behaviors (e.g., smoking, drinking, etc.) and anthropometric measurements (e.g., height, weight, hypertension, diabetes, etc.). Before the interviews, the investigators confirmed the identities of each participant. In addition, a second check to the survey was set that day to ascertain the validity of each question [17] (see the details in Parts 4 and 5 of the online Supplementary Material).

Height and weight were measured according to a standardized protocol and techniques, with the participants wearing clothing but no shoes. Blood pressure was measured using a mercury sphygmomanometer by trained professionals, and the subjects rested for at least 5 min before being measured [18]. After an overnight fast, fasting blood glucose and serum lipids were measured before breakfast using a Bai Ankang fingertip blood glucose monitor (Bayer, Leverkusen, Germany) and a MODULE P800 biochemical analysis machine (Roche Co., Ltd., Shanghai, China), respectively [19] (see the details in Part 6 of the online Supplementary Material).



2.4. Assessment Criteria

A CVD risk factor cluster was defined as at least two major factors clustered in one individual, and the five major risk factors were defined clearly as follows [20]: dyslipidemia was defined as using lipid-lowering drugs or having one or more of the following: triglyceride (TG) ≥ 1.7 mmol/L, total cholesterol (TC) ≥ 5.2 mmol/L, high-density lipoprotein cholesterol (HDL-C) < 1.0 mmol/L and low-density lipoprotein cholesterol (LDL-C) ≥ 3.4 mmol/L [21]. Hypertension was defined as resting systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg and/or the use of antihypertensive medication in the past two weeks [22]. Diabetes was defined as the use of hypoglycemic agents or a self-reported history of diabetes or fasting blood glucose (FBG) of 7.0 mmol/L or more [23]. Overweight was defined as a body mass index (BMI) ≥ 24 kg/m2 [24]. Smoking was defined as having smoked at least one cigarette per day over the past 30 days [25].



2.5. Statistical Analyses

The estimations and comparisons of prevalence were weighted to the standard population in the 6th national general investigation in Jilin Province. The weights (in complex weighted computation) were used to adjust for differing response proportions, selection probabilities and deviations in the sample compared with the standard population, particularly in terms of gender and age composition [26].

The data are presented as means ± standard deviations (SD) unless otherwise stated. In addition, quantitative variables were compared using the t test, and categorical variables were compared using the Rao-Scott-χ2 test. Finally, the CVD risk factor clusters were analyzed through logistic regression. All statistical analyses were performed using the complex samples function of IBM SPSS 20.0. (SPSS Inc., New York, NY, USA) Statistical significance was set at p < 0.05.




3. Results

Table 1 shows that BMI, SBP, DBP, TG, TC, FBG were all significantly higher in males than in females (p < 0.05). However, HDL-C was significantly higher in females than in males (p < 0.05). Meanwhile, age and LDL-C did not differ significantly by gender (p > 0.05).

Table 1. Descriptive characteristics of participants by gender for CVD.


	Variable
	All (n = 16834)
	Female (n = 9104)
	Male (n = 7730)
	t
	p value





	Age (year)
	42.67 ± 14.49
	43.03 ± 14.55
	42.33 ± 14.43
	1.864
	0.062



	BMI (kg/m2)
	24.04 ± 3.81
	23.74 ± 3.80
	24.32 ± 3.81
	−6.184
	<0.001



	SBP (mmHg)
	128.49 ± 20.18
	124.59 ± 21.23
	132.17 ± 18.41
	−18.976
	<0.001



	DBP (mmHg)
	78.72 ± 11.58
	76.4 ± 11.28
	80.91 ± 11.44
	−17.151
	<0.001



	TG (mmol/L)
	1.88 ± 1.82
	1.61 ± 1.39
	2.13 ± 2.13
	−14.406
	<0.001



	TC (mmol/L)
	4.76 ± 1.07
	4.72 ± 1.08
	4.79 ± 1.05
	−2.688
	<0.001



	LDL-C (mmol/L)
	2.83 ± 0.87
	2.82 ± 0.89
	2.84 ± 0.86
	−0.797
	0.426



	HDL-C (mmol/L)
	1.37 ± 0.38
	1.43 ± 0.36
	1.32 ± 0.38
	13.105
	<0.001



	FBG (mmol/L)
	5.39 ± 1.66
	5.27 ± 1.63
	5.53 ± 1.69
	−10.114
	<0.001





BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, TC: total cholesterol, TG: triglyceride, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, FBG: fasting blood glucose.






As shown in Table 2, the prevalences of the five risk factors differed significantly by gender. In addition, the prevalences were higher in males than in females (p < 0.01), especially for smoking. However, the prevalences did not differ significantly by residence (p > 0.05). Further, the prevalences of hypertension and diabetes increased with age (p < 0.001), but dyslipidemia, overweight and smoking first increased, and then decreased with age (p <0.05); the peak prevalences for each appeared in the age groups 55–64, 55–64, and 45–54, respectively. Except for diabetes and dyslipidemia, the prevalences of other risk factors showed decreasing trends with education level (p < 0.05), and the prevalences of hypertension, diabetes and smoking were significantly different by family income (p < 0.05); the prevalences of hypertension and diabetes decreased when family income increased (p < 0.05). Moreover, the prevalences of all of the risk factors were greater in manual than in mental labor (p < 0.001).


Table 2. Prevalences of CVD risk factors by demographic characteristics.



	
Category

	
Subcategory

	
Hypertension % (95%CI)

	
Diabetes % (95%CI)

	
Dyslipidemia % (95%CI)

	
Overweight % (95%CI)

	
Smoking % (95%CI)






	
Risk Factor

	
—

	
31.0 (30.1, 31.9)

	
8.2 (7.8, 8.7)

	
36.8 (35.8, 37.8)

	
47.3 (46.3, 48.4)

	
31.0 (30.0, 32.0)




	
Gender

	
Female

	
26.7 (25.6, 27.9)

	
7.4 (6.8, 8.0)

	
30.4 (29.1, 31.7)

	
43.6 (42.1, 45.1)

	
9.1 (8.4, 9.9)




	
Male

	
35.0 (33.7, 36.4)

	
9.0 (8.3, 9.8)

	
42.9 (41.4, 44.3)

	
50.8 (49.3, 52.4)

	
51.6 (50.1, 53.1)




	
p value

	
<0.001

	
0.001

	
<0.001

	
<0.001

	
<0.001




	
Residence

	
Rural

	
31.5 (30.2, 32.9)

	
8.3 (7.6, 9.0)

	
36.6 (35.1, 38.2)

	
46.4 (44.7, 48.0)

	
32.0 (30.5, 33.5)




	
Town

	
30.6 (29.4, 31.8)

	
8.2 (7.5, 8.8)

	
37.0 (35.7, 38.3)

	
48.1 (46.7, 49.5)

	
30.2 (28.9, 31.5)




	
p value

	
0.324

	
0.801

	
0.714

	
0.112

	
0.075




	
Age

	
18–

	
7.8 (5.5, 11.0)

	
0.6 (0.2, 1.5)

	
16.9 (13.6, 20.8)

	
21.2 (17.6, 25.4)

	
27.2 (23.3, 31.5)




	
25–

	
12.7 (10.8, 14.7)

	
2.7 (1.8, 4.0)

	
30.6 (28.1, 33.2)

	
44.7 (42.0, 47.4)

	
31.6 (29.1, 34.2)




	
35–

	
25.5 (23.9, 27.1)

	
5.3 (4.5, 6.3)

	
37.2 (35.4, 39.0)

	
50.0 (48.2, 51.8)

	
32.3 (30.6, 34.0)




	
45–

	
41.6 (40.1, 43.1)

	
11.5 (10.6, 12.6)

	
44.4(42.8, 45.9)

	
56.1 (54.6, 57.6)

	
33.9 (32.4, 35.4)




	
55–

	
53.5 (51.7, 55.3)

	
17.2 (15.9, 18.6)

	
48.4(46.6, 50.2)

	
56.6 (54.8, 58.3)

	
30.3 (28.7, 32.0)




	
65–79

	
64.3 (61.3, 67.2)

	
18.6 (16.6, 20.8)

	
45.4(42.5, 48.3)

	
52.0 (49.0, 55.0)

	
25.9 (23.0, 29.0)




	
p value

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
0.001




	
Education

	
Junior school

	
40.3 (38.6, 42.0)

	
12.6 (11.6, 13.7)

	
38.5 (36.7, 40.3)

	
49.6 (47.8, 51.5)

	
32.8 (31.0, 34.7)




	
Junior high school

	
31.7 (30.1, 33.5)

	
7.4 (6.7, 8.3)

	
36.7 (34.8, 38.6)

	
47.5 (45.5, 49.5)

	
32.3 (30.4, 34.1)




	
High school

	
29.5 (27.8, 31.3)

	
7.9 (7.0, 8.9)

	
38.6 (36.5, 40.7)

	
47.2 (44.9, 49.4)

	
31.9 (29.9, 34.0)




	
Undergraduate

	
21.0 (19.0, 23.2)

	
4.7 (3.9, 5.6)

	
32.7 (30.4, 35.1)

	
44.7 (42.2, 47.3)

	
25.5 (23.4, 27.7)




	
p value

	
<0.001

	
<0.001

	
<0.001

	
0.039

	
<0.001




	
Family income (Chinese Yuan)

	
<500

	
38.7 (36.7, 40.7)

	
11.2 (10, 12.4)

	
38.5 (36.5, 40.6)

	
50.1 (47.9, 52.3)

	
31.4 (29.5, 33.4)




	
500–

	
34.6 (32.6, 36.8)

	
9.5 (8.4, 10.7)

	
38.2 (36.0, 40.5)

	
47.6 (45.3, 49.9)

	
29.3 (27.3, 31.4)




	
1000–

	
30.4 (28.8, 32.1)

	
8.1 (7.3, 9.0)

	
36.3 (34.5, 38.2)

	
46.7 (44.7, 48.7)

	
30.0 (28.2, 31.8)




	
2000–

	
27.4 (25.3, 29.5)

	
6.2 (5.4, 7.3)

	
37.1 (34.8, 39.6)

	
49.2 (46.6, 51.8)

	
33.7 (31.4, 36.2)




	
3000–

	
25.9 (23.0, 29.0)

	
5.8 (4.5, 7.4)

	
33.7 (30.3, 37.2)

	
46.0 (42.2, 49.9)

	
32.7 (28.9, 36.7)




	
p value

	
<0.001

	
<0.001

	
0.147

	
0.277

	
0.035




	
Occupation

	
Manual labor

	
29.3 (28.2, 30.4)

	
7.1 (6.5, 7.7)

	
35.2 (34.0, 36.5)

	
46.9 (45.5, 48.3)

	
37.2 (35.9, 38.5)




	
Mental labor

	
24.0 (22.1, 26.1)

	
5.9 (5.1, 6.9)

	
33.7 (31.5, 36.0)

	
44.5 (42.0, 47.0)

	
26.8 (24.7, 29.1)




	
Other *

	
41.5 (39.3, 43.7)

	
13 (11.8, 14.2)

	
43.5 (41.2, 45.8)

	
51.1 (48.7, 53.4)

	
20.2 (18.4, 22.1)




	
p value

	
<0.001

	
<0.001

	
<0.001

	
<0.001

	
<0.001






p values were calculated with the Rao-Scott-χ2 test; * “other” included unemployed and retired people.




The subjects were divided into four groups according to the number of CVD risk factors (see details in Table 3). The prevalences of 2 ≥3 CVD risk factors had an increasing trend with age but a decreasing trend with education level. Concurrently, there was no obvious trends with family income or occupation. Except for residence, the number of CVD risk factors differed significantly by gender, age group, education level, family income and occupation.


Table 3. Prevalences with the 5 CVD risk factors.



	
Category

	
Subcategory

	
The Number of CVD Risk Factors

	
χ2

	
p value




	
0 (n = 3320)

	
1 (n = 4697)

	
2 (n = 4356)

	
≥3 (n = 4466)






	
Gender

	
Female

	
36.1 (34.5, 37.8)

	
29.1 (27.7, 30.6)

	
19.8 (18.8, 20.9)

	
14.9 (14.1, 15.8)

	
1517.202

	
<0.001




	
Male

	
13.3 (12.1, 14.5)

	
27.3 (25.9, 28.7)

	
27.9 (26.5, 29.2)

	
31.6 (30.3, 32.9)

	

	




	
Residence

	
Rural

	
23.4 (21.6, 25.3)

	
28.7 (27.2, 30.2)

	
25.1 (23.8, 26.5)

	
22.8 (21.7, 24.0)

	
16.897

	
0.054




	
Town

	
25.2 (23.9, 26.5)

	
27.8 (26.5, 29.1)

	
23.0 (21.9, 24.2)

	
24.0 (22.9, 25.2)

	

	




	
Age

	
18–

	
50.1 (44.9, 55.2)

	
31.0 (26.6, 35.8)

	
14.7 (11.6, 18.4)

	
4.2 (3.1, 5.8)

	
2303.899

	
<0.001




	
25–

	
33.9 (31.5, 36.4)

	
29.3 (26.9, 31.8)

	
21.1 (18.9, 23.5)

	
15.6 (13.6, 17.9)

	

	




	
35–

	
25.3 (23.8, 26.8)

	
29.7 (28.1, 31.3)

	
22.4 (20.9, 23.9)

	
22.7 (21.2, 24.3)

	

	




	
45–

	
13.8 (12.8, 14.9)

	
27.9 (26.6, 29.3)

	
26.7 (25.4, 28.1)

	
31.6 (30.1, 33.1)

	

	




	
55–

	
9.7 (8.7, 10.9)

	
23.6 (22.2, 25.2)

	
30.5 (28.9, 32.2)

	
36.1 (34.4, 37.8)

	

	




	
65–79

	
7.4 (6.2, 8.9)

	
25.1 (22.4, 28.0)

	
32.4 (29.8, 35.1)

	
35.1 (32.2, 38.1)

	

	




	
Education

	
Junior school

	
15.6 (14.1, 17.2)

	
30.2 (28.5, 31.9)

	
27.5 (25.9, 29.1)

	
26.7 (25.2, 28.3)

	
364.427

	
<0.001




	
Junior high school

	
23.5 (21.6, 25.4)

	
28.8 (26.9, 30.8)

	
24.3 (22.8, 25.9)

	
23.4 (21.9, 24.9)

	

	




	
High school

	
25.9 (23.5, 28.5)

	
25.8 (24.1, 27.6)

	
23.4 (21.7, 25.2)

	
24.8 (23.2, 26.6)

	

	




	
Undergraduate

	
33.7 (31.2, 36.2)

	
28.1 (25.8, 30.6)

	
20.1 (18.1, 22.1)

	
18.1 (16.4, 20.0)

	

	




	
Family Income (Chinese Yuan)

	
<500

	
18.0 (15.9, 20.3)

	
29.4 (27.5, 31.4)

	
25.9 (24.2, 27.7)

	
26.7 (25.0, 28.5)

	
219.416

	
<0.001




	
500–

	
22.5 (20.3, 24.9)

	
27.8 (25.8, 30.0)

	
25.4 (23.5, 27.4)

	
24.3 (22.5, 26.2)

	

	




	
1000–

	
25.5 (23.5, 27.6)

	
28.4 (26.7, 30.3)

	
22.7 (21.2, 24.3)

	
23.3 (21.9, 24.8)

	

	




	
2000–

	
24.6 (22.4, 26.9)

	
28.1 (25.8, 30.5)

	
24.3 (22.1, 26.5)

	
23.1 (21.2, 25.1)

	

	




	
3000–

	
28.5 (24.9, 32.5)

	
26.6 (23.2, 30.2)

	
23.8 (20.7, 27.2)

	
21.1 (18.3, 24.2)

	

	




	
Occupation

	
Manual labor

	
22.8 (21.5, 24.1)

	
29.1 (27.9, 30.3)

	
25.1 (23.9, 26.3)

	
23.0 (22.0, 24.1)

	
90.579

	
<0.001




	
Mental labor

	
32.0 (29.3, 34.8)

	
28.5 (26.2, 30.9)

	
19.6 (17.9, 21.5)

	
19.9 (18.3, 21.7)

	

	




	
Other *

	
20.9 (18.7, 23.3)

	
25.7 (23.6, 28.0)

	
25.4 (23.6, 27.2)

	
28.0 (26.2, 29.9)

	

	






* “other” included unemployed and retired people.




Table 4 presents that the prevalences of ≥1, ≥2 and ≥3 CVD risk factors (RFs) increased with age but decreased with education level and family income. Moreover, there was no obvious trend with occupation. Finally, compared with the group of RFs = 0, the number of CVD RFs ≥ 1, RFs ≥ 2 and RFs ≥ 3 differed significantly by gender, age group, education level, family income and occupation (p < 0.001).


Table 4. Prevalences with different numbers of CVD risk factors.



	
Category

	
Subcategory

	
The Number of CVD Risk Factors




	
0

	
≥1

	
≥2

	
≥3






	
Gender

	
Female

	
36.1 (34.5, 37.8)

	
63.9 (62.2, 65.5)

	
34.7 (33.4, 36.1)

	
14.9 (14.1, 15.8)




	
Male

	
13.3 (12.1, 14.5)

	
86.7 (85.5, 87.9)

	
59.5 (57.9, 61.0)

	
31.6 (30.3, 32.9)




	
p value

	
—

	
<0.001

	
<0.001

	
<0.001




	
Residence

	
Rural

	
23.4 (21.6, 25.3)

	
76.6 (74.7, 78.4)

	
48.0 (46.3, 49.6)

	
22.8 (21.7, 24.0)




	
Town

	
25.2 (23.9, 26.5)

	
74.8 (73.5, 76.1)

	
47.1 (45.7, 48.5)

	
24.0 (22.9, 25.2)




	
p value

	
—

	
0.123

	
0.226

	
0.041




	
Age

	
18–

	
50.1 (44.9, 55.2)

	
49.9 (44.8, 55.1)

	
18.9 (15.6, 22.8)

	
4.2 (3.1, 5.8)




	
25–

	
33.9 (31.5, 36.4)

	
66.1 (63.6, 68.5)

	
36.7 (34.1, 39.5)

	
15.6 (13.6, 17.9)




	
35–

	
25.3 (23.8, 26.8)

	
74.7 (73.2, 76.2)

	
45.1 (43.3, 46.9)

	
22.7 (21.2, 24.3)




	
45–

	
13.8 (12.8, 14.9)

	
86.2 (85.1, 87.2)

	
58.3 (56.8, 59.8)

	
31.6 (30.1, 33.1)




	
55–

	
9.7 (8.7, 10.9)

	
90.3 (89.1, 91.3)

	
66.6 (64.9, 68.3)

	
36.1 (34.4, 37.8)




	
65–79

	
7.4 (6.2, 8.9)

	
92.6 (91.1, 93.8)

	
67.5 (64.5, 70.3)

	
35.1 (32.2, 38.1)




	
p value

	
—

	
<0.001

	
<0.001

	
<0.001




	
Education

	
Junior school

	
15.6 (14.1, 17.2)

	
84.4 (82.8, 85.9)

	
54.2 (52.3, 56.0)

	
26.7 (25.2 ,28.3)




	
Junior high school

	
23.5 (21.6, 25.4)

	
76.5 (74.6, 78.4)

	
47.7 (45.7, 49.7)

	
23.4 (21.9, 24.9)




	
High school

	
25.9 (23.5, 28.5)

	
74.1 (71.5, 76.5)

	
48.2 (46.0, 50.5)

	
24.8 (23.2, 26.6)




	
Undergraduate

	
33.7 (31.2, 36.2)

	
66.3 (63.8, 68.8)

	
38.2 (35.8, 40.7)

	
18.1 (16.4, 20.0)




	
p value

	
—

	
<0.001

	
<0.001

	
<0.001




	
Family Income (Chinese Yuan)

	
<500

	
18.0 (15.9, 20.3)

	
82.0 (79.7, 84.1)

	
52.6 (50.3, 54.8)

	
26.7 (25.0, 28.5)




	
500–

	
22.5 (20.3, 24.9)

	
77.5 (75.1, 79.7)

	
49.7 (47.3, 52.0)

	
24.3 (22.5, 26.2)




	
1000–

	
25.5 (23.5, 27.6)

	
74.5 (72.4, 76.5)

	
46.1 (44.1, 48.0)

	
23.3 (21.9, 24.8)




	
2000–

	
24.6 (22.4, 26.9)

	
75.4 (73.1, 77.6)

	
47.3 (44.8, 49.9)

	
23.1 (21.2, 25.1)




	
3000–

	
28.5 (24.9, 32.5)

	
71.5 (67.5, 75.1)

	
44.9 (41.1, 48.8)

	
21.1 (18.3, 24.2)




	
5000–

	
26.6 (19.3, 35.5)

	
73.4 (64.5, 80.7)

	
45.3 (37.9, 52.9)

	
22.5 (17.0, 29.2)




	
p value

	
—

	
<0.001

	
<0.001

	
<0.001




	
Occupation

	
Manual labor

	
22.8 (21.5, 24.1)

	
77.2 (75.9, 78.5)

	
48.1 (46.7, 49.5)

	
23.0 (22.0,24.1)




	
Mental labor

	
32.0 (29.3, 34.8)

	
68.0 (65.2, 70.7)

	
39.5 (37.2, 41.9)

	
19.9 (18.3,21.7)




	
Other *

	
20.9 (18.7, 23.3)

	
79.1 (76.7, 81.3)

	
53.4 (51.0, 55.8)

	
28.0 (26.2,29.9)




	
p value

	
—

	
<0.001

	
<0.001

	
<0.001






p values were obtained by constructing 2 × 2 contingency tables for other groups (RFs = 1, RFs = 2, RFs ≥ 3) compared with RFs = 0; * “other” included unemployed and retired people. 










Table 5 shows that the males were more likely to have ≥1, ≥2 and ≥3 CVD risk factors than were females (p < 0.05). The adjusted ORs of RFs ≥ 1, RFs ≥ 2 and RFs ≥ 3 (versus RFs = 0) increased progressively with age. On the contrary, the adjusted ORs of RFs ≥ 1, RFs≥ 2 and RFs ≥ 3 (versus RFs = 0) decreased progressively with education level. Concurrently, there was no obvious trend with occupation or family income.


Table 5. The logistic analysis of the CVD risk factor clustering among participants.



	
Category

	
Subcategory

	
The CVD Risk Factors and Adjusted OR (95%CI)




	
≥1

	
≥2

	
≥3






	
Gender

	
Female

	
1.00

	
1.00

	
1.00




	
Male

	
3.70 (3.26,4.20)

	
4.66 (4.09, 5.31)

	
5.76 (5.01, 6.63)




	
Age

	
18–

	
1.00

	
1.00

	
1.00




	
25–

	
1.95 (1.55, 2.47)

	
2.86 (2.15, 3.82)

	
5.44 (3.66, 8.08)




	
35–

	
2.97 (2.38, 3.70)

	
4.72 (3.59, 6.20)

	
10.61 (7.32, 15.37)




	
45–

	
6.28 (5.01, 7.86)

	
11.19 (8.51, 14.72)

	
27.06 (18.7, 39.16)




	
55–

	
9.30 (7.32, 11.82)

	
18.10 (13.59, 24.10)

	
43.77 (29.97, 63.94)




	
65–79

	
12.49 (9.41, 16.59)

	
24.01 (17.35, 33.22)

	
55.71 (36.81, 84.3)




	
Education

	
Junior school

	
1.00

	
1.00

	
1.00




	
Junior high school

	
0.60 (0.52, 0.71)

	
0.59 (0.50, 0.69)

	
0.58 (0.49, 0.69)




	
High school

	
0.53 (0.45, 0.63)

	
0.54 (0.45, 0.64)

	
0.56 (0.46, 0.68)




	
Undergraduate

	
0.37 (0.31, 0.43)

	
0.33 (0.28, 0.39)

	
0.32 (0.26, 0.38)




	
Family Income (Chinese Yuan)

	
<500

	
1.00

	
1.00

	
1.00




	
500–

	
0.76 (0.62, 0.92)

	
0.75 (0.61, 0.93)

	
0.73 (0.58, 0.91)




	
1000–

	
0.64 (0.53, 0.77)

	
0.62 (0.51, 0.75)

	
0.62 (0.50, 0.76)




	
2000–

	
0.67 (0.55, 0.82)

	
0.66 (0.54, 0.81)

	
0.63 (0.51, 0.79)




	
3000–

	
0.55 (0.43, 0.70)

	
0.54 (0.42, 0.69)

	
0.50 (0.38, 0.66)




	
Occupation

	
Other *

	
1.00

	
1.00

	
1.00




	
Manual labor

	
0.90 (0.76, 1.05)

	
0.83 (0.70, 0.97)

	
0.76 (0.64, 0.90)




	
Mental labor

	
0.56 (0.47, 0.68)

	
0.48 (0.40, 0.59)

	
0.47 (0.38, 0.57)






* “other” included unemployed and retired people; The adjusted ORs for gender were adjusted for age, the adjusted ORs for age were adjusted for gender, and the adjusted ORs for education, family income, and occupation were adjusted for gender and age.








4. Discussion

High levels of CVD risk factors constitute a major challenge to public health, but they are very common in many developing countries, including China. Although a number of researchers have investigated CVD risk factor clustering in China, little is known about the prevalence and clustering of the CVD risk factors that are associated with demographics in Jilin, China. This is the first study to report the prevalence and clustering of the main CVD risk factors by demographics in Jilin Province.

Table 6 shows the prevalence of CVD risk factors in previous studies in China, and the prevalences of diabetes and overweight in our study were much higher than those in other studies. Jilin Province is located in the central of northeast China, with a temperate continental monsoon climate and an annual average temperature of 4.8 °C [27]. This type of climate usually requires a special diet such as eating more animal fat, more salt and fewer fresh vegetables. Moreover, the population participates in fewer outdoor activities (exercises), especially during the cold winter months. Therefore, the geographical features and the characteristics of our study population might have contributed to the high prevalence of diabetes and overweight.

Table 6. The prevalence of CVD risk factors in previous studies (%).


	Author
	Hypertension
	Diabetes
	Dyslipidemia
	Overweight
	Smoking
	Survey Time and Region





	Our study
	37.3
	8.2
	36.8
	47.3
	31.0
	2012, Jilin



	Gu et al. [16]
	26.1
	5.2
	53.6
	28.2
	34.5
	2000–2001, China



	Zhang et al. [28]
	36.6
	6.5
	35.4
	36.2
	36.3
	2007, Beijing



	Xu et al. [4]
	62.4
	6.4
	42.7
	34.3
	6.1
	2011, Tibetan










However, the prevalences of dyslipidemia and smoking decreased compared with previous values, especially smoking, which might have been caused by China’s previous anti–smoking propaganda during these years. This might also partly explain the associations between high education levels and family incomes with the low prevalences of CVD risk factors. The reason for this was that persons with more education and/or higher family incomes have greater possibilities to engage in healthy lifestyles, including smoking less.

The prevalence of hypertension was slightly higher compared with the findings from previous studies. On one hand, people now live longer than before with improved medical treatments, while the prevalence of hypertension among the elderly is relatively higher. On the other hand, with improved living conditions, people now eat more meat, which might also have led to higher prevalence of hypertension.

In the present study, 51.6% of males and 9.1% of females were smokers, and this prevalence was significantly higher in males than in females. In addition, the prevalences of the other four CVD risk factors in males were also higher than in females. Therefore, our study revealed that gender might be associated with CVD risk factor clustering. On the contrary, the prevalences of all the five risk factors did not differ significantly by residence (p > 0.05), due to the continuously decreasing gap between town and rural in Jilin. The prevalences of hypertension and diabetes increased with age, but the peak prevalences of dyslipidemia and overweight appeared in the subjects aged 55~64 years. Concurrently, the prevalences of all risk factors differed significantly by education level, family income and occupation.

Further, it was revealed that gender, age, education level, family income and occupation were associated with the clustering of CVD risk factors (p < 0.05) via the multivariate logistic regression. In general, the adjusted ORs of having ≥1, ≥2, and ≥3 major CVD risk factors for males were 3.70, 4.66, and 5.76 in our study and 3.4, 4.3 and 5.4 in the study by Zhang et al. [28], which was consistent with our study. However, the same adjusted ORs in Gu et al. [16] were 2.61, 3.55 and 4.97, which were extremely lower than those in our study. The higher ORs in our study might have been the result of the different study populations and survey times. In addition, age was a risk factor for CVD risk factor clustering, and the adjusted ORs of having ≥1, ≥2, and ≥3 major CVD risk factors increased progressively with age, which was consistent with previous studies [15,29]. However, education level and family income were protective factors for CVD risk factor clustering. Hence, investment in education should be a concern as well.

Some limitations of our study should be noted. One was that former smoking was not encompassed in our investigation, but it was clear that former smoking had implications for CVD development. The other was that the respondents’ smoking status was based on self-report, which may be subject to reporting bias.



5. Conclusions

CVD risk factor clusters are common among adults in Jilin, China, and they constitute a major public health challenge. Clearly, more effective prevention efforts that target CVD risk factors are needed in males, the elderly, and persons with less education and low family incomes as well as manual laborers. In addition, more feasible population-based interventions, such as advocating for smoking cessation, healthy diet, and increased physical activities, are suggested to reduce the prevalence and the clustering of CVD risk factors. Finally, a systematic large-scale educational effort that is directed in particular toward residents is also needed.







Supplementary Files

Supplementary File 1



Acknowledgments

The authors gratefully acknowledge the financial support received from the Scientific Research Foundation of the Health Bureau of Jilin Province, China (grant number: 2011Z116) and from the National Natural Science Foundation of China (grant number: 11301213). We express our gratitude to the participants and colleagues who were involved in the study. The authors have no competing interests.



Author Contributions

Jianxing Yu and Yonghui Ma had the original idea for the study and, with all co-authors carried out the design. Lina Jin provided valuable insight regarding the methodological approach and organization of the manuscript. Yaqin Yu and Yuchun Tao were responsible for recruitment and follow-up of study participants. Sen Yang was responsible for data cleaning and Kai Pang carried out the analyses. Jianxing Yu drafted the manuscript, which was revised by all authors. All authors read and approved the final manuscript.



Conflicts of Interest

The authors declare no conflict of interest.



References


	1. 
Gao, B.X.; Zhang, L.X.; Wang, H.Y.; The China National Survey of Chronic Kidney Disease Working Group. Clustering of major cardiovascular risk factors and the association with unhealthy lifestyles in the Chinese adult population. PLoS ONE 2013. [Google Scholar] [CrossRef]

	2. 
Ferket, B.S.; Colkesen, E.B.; Visser, J.J.; Spronk, S.; Kraaijenhagen, R.A.; Steyerberg, E.W.; Hunink, M.G.M. Systematic review of guidelines on cardiovascular risk assessment which recommendations should clinicians follow for a cardiovascular health check? Arch. Intern. Med. 2010, 170, 27–40. [Google Scholar] [CrossRef] [PubMed]

	3. 
Yang, Z.J.; Liu, J.; Ge, J.P.; Chen, L.; Zhao, Z.G.; Yang, W.Y.; Disorders, C.N.D.M. Prevalence of cardiovascular disease risk factor in the Chinese population: The 2007–2008 China National Diabetes and Metabolic Disorders Study. Eur. Heart J. 2012, 33, 213–220. [Google Scholar] [CrossRef] [PubMed]

	4. 
Xu, S.P.; Jiayong, Z.P.; Li, B.; Zhu, H.; Chang, H.; Shi, W.; Gao, Z.X.; Ning, X.J.; Wang, J.H. Prevalence and clustering of cardiovascular disease risk factors among Tibetan adults in China: A population-based study. PLoS ONE 2015. [Google Scholar] [CrossRef] [PubMed]

	5. 
Yu, D.H.; Huang, J.F.; Hu, D.S.; Chen, J.C.; Cao, J.; Li, J.X.; Gu, D.F. Association between prehypertension and clustering of cardiovascular disease risk factors among Chinese adults. J. Cardiovasc Pharm. 2009, 53, 388–400. [Google Scholar] [CrossRef] [PubMed]

	6. 
Murakami, Y.; Okamura, T.; Nakamura, K.; Miura, K.; Ueshima, H. The clustering of cardiovascular disease risk factors and their impacts on annual medical expenditure in Japan: Community-based cost analysis using gamma regression models. BMJ Open. 2013. [Google Scholar] [CrossRef] [PubMed]

	7. 
Cooper, R.S.; Ordunez, P.; Ferrer, M.D.I.; Munoz, J.L.B.; Espinosa-Brito, A. Cardiovascular disease and associated risk factors in Cuba: Prospects for prevention and control. Am. J. Public Health 2006, 96, 94–101. [Google Scholar] [CrossRef] [PubMed]

	8. 
Wang, J.; Ning, X.; Yang, L.; Lu, H.; Tu, J.; Jin, W.; Zhang, W.; Su, T.C. Trends of hypertension prevalence, awareness, treatment and control in rural areas of Northern China during 1991–2011. J. Hum. Hypertens 2014, 28, 25–31. [Google Scholar] [CrossRef] [PubMed]

	9. 
Reynolds, K.; Gu, D.F.; Whelton, P.K.; Wu, X.G.; Duan, X.F.; Mo, J.P.; He, J.; Grp, I.C. Prevalence and risk factors of overweight and obesity in China. Obesity 2007, 15, 10–18. [Google Scholar] [CrossRef] [PubMed]

	10. 
He, J.; Gu, D.F.; Reynolds, K.; Wu, X.G.; Muntner, P.; Zhao, J.G.; Chen, J.; Liu, D.H.; Mo, J.P.; Whelton, P.K.; et al. Serum total and lipoprotein cholesterol levels and awareness, treatment, and control of hypercholesterolemia in China. Circulation 2004, 110, 405–411. [Google Scholar] [CrossRef] [PubMed]

	11. 
Shan, X.Y.; Xi, B.; Cheng, H.; Hou, D.Q.; Wang, Y.F.; Mi, J. Prevalence and behavioral risk factors of overweight and obesity among children aged 2–18 in Beijing, China. Int J. Pediatr. Obes. 2010, 5, 383–389. [Google Scholar] [CrossRef] [PubMed]

	12. 
de Simone, G.; Olsen, M.H.; Wachtell, K.; Hille, D.A.; Dahlof, B.; Ibsen, H.; Kjeldsen, S.E.; Lyle, P.A.; Devereux, R.B. Clusters of metabolic risk factors predict cardiovascular events in hypertension with target-organ damage: The life study. J. Hum. Hypertens 2007, 21, 625–632. [Google Scholar] [CrossRef] [PubMed]

	13. 
Andegiorgish, A.K.; Wang, J.H.; Zhang, X.; Liu, X.M.; Zhu, H. Prevalence of overweight, obesity, and associated risk factors among school children and adolescents in Tianjin, China. Eur. J. Pediatr 2012, 171, 697–703. [Google Scholar] [CrossRef] [PubMed]

	14. 
Xue, H.; Liu, Y.; Zhou, X.; Duan, R.; Cheng, G. The overview of prevalence of overweight/obesity among children and its risk factors in China. Ann. Nutr. Metab. 2013, 63, 1163–1163. [Google Scholar]

	15. 
Li, N.F.; Wang, H.M.; Yan, Z.T.; Yao, X.G.; Hong, J.; Zhou, L. Ethnic disparities in the clustering of risk factors for cardiovascular disease among the Kazakh, Uygur, Mongolian and Jan populations of Xinjiang: A cross-sectional study. BMC Public Health 2012. [Google Scholar] [CrossRef]

	16. 
Gu, D.F.; Gupta, A.; Muntner, P.; Hu, S.S.; Duan, X.F.; Chen, J.C.; Reynolds, R.F.; Whelton, P.K.; He, J. Prevalence of cardiovascular disease risk factor clustering among the adult population of China—Results from the international collaborative study of cardiovascular disease in Asia (Interasia). Circulation 2005, 112, 658–665. [Google Scholar] [CrossRef] [PubMed]

	17. 
Wang, C.; Yu, Y.; Zhang, X.; Li, Y.; Kou, C.; Li, B.; Tao, Y.; Zhen, Q.; He, H.; Kanu, J.S.; et al. Awareness, treatment, control of diabetes mellitus and the risk factors: Survey results from Northeast China. PLoS ONE 2014. [Google Scholar] [CrossRef] [PubMed]

	18. 
Pan, S.; He, C.H.; Ma, Y.T.; Yang, Y.N.; Ma, X.; Fu, Z.Y.; Li, X.M.; Xie, X.; Yu, Z.X.; Chen, Y.; et al. Serum uric acid levels are associated with high blood pressure in Chinese children and adolescents aged 10–15 years. J. Hypertens. 2014, 32, 998–1003. [Google Scholar] [CrossRef] [PubMed]

	19. 
Xie, X.; Ma, Y.T.; Yang, Y.N.; Fu, Z.Y.; Li, X.M.; Zheng, Y.Y.; Huang, D.; Ma, X.; Chen, B.D.; Liu, F. Polymorphisms in the SAA1 gene are associated with ankle-to-brachial index in Han Chinese healthy subjects. Blood Press. 2011, 20, 232–238. [Google Scholar] [CrossRef] [PubMed]

	20. 
Ezzati, M.; Vander Hoorn, S.; Rodgers, A. Estimates of global and regional potential health gains from reducing multiple major risk factors. Lancet 2003, 362, 271–280. [Google Scholar] [CrossRef]

	21. 
Dong, X.L.; Liu, Y.; Yang, J.; Sun, Y.; Chen, L. Efficiency of anthropometric indicators of obesity for identifying cardiovascular risk factors in a Chinese population. Postgrad Med. J. 2011, 87, 251–256. [Google Scholar] [CrossRef] [PubMed]

	22. 
Yip, G.W.; Li, A.M.; So, H.K.; Choi, K.C.; Leung, L.C.; Fong, N.C.; Lee, K.W.; Li, S.P.; Wong, S.N.; Sung, R.Y. Oscillometric 24-h ambulatory blood pressure reference values in Hong Kong Chinese children and adolescents. J. Hypertens. 2014, 32, 606–619. [Google Scholar] [CrossRef] [PubMed]

	23. 
Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; James, W.P.; Loria, C.M.; Smith, S.C., Jr. Harmonizing the metabolic syndrome: A joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009, 120, 1640–1645. [Google Scholar] [PubMed]

	24. 
Cai, L.; Liu, A.P.; Zhang, Y.M.; Wang, P.Y. Waist-to-height ratio and cardiovascular risk factors among Chinese adults in Beijing. PLoS ONE 2013. [Google Scholar] [CrossRef] [PubMed]

	25. 
Syamlal, G.; Mazurek, J.M.; Dube, S.R. Gender differences in smoking among U.S.Working adults. Am. J. Prevent. Med. 2014, 47, 467–475. [Google Scholar] [CrossRef] [PubMed]

	26. 
Zhang, L.; Wang, F.; Wang, L.; Wang, W.; Liu, B.; Liu, J.; Chen, M.; He, Q.; Liao, Y.; Yu, X.; et al. Prevalence of chronic kidney disease in China: A cross-sectional survey. Lancet 2012, 379, 815–822. [Google Scholar] [CrossRef]

	27. 
Gao, B.; Xu, Q.T.; Li, Y.B. Dynamic change and analysis of driving factors of carbon emissions from traffic and transportation energy consumption in Jilin Province. Appl. Mech. Mater. 2014, 472, 851–855. [Google Scholar] [CrossRef]

	28. 
Zhang, L.; Gui, H.; Liu, A.; Hu, D.; Wang, P. Risk factors for cardiovascular disease and its clustering among middle-aged and old suburban people in rural-urban fringes of Beijing. Chin. J. Prevent. Control. Chronic Non-Commun. Dis. 2010, 18, 238–240. [Google Scholar]

	29. 
Mao, X.Q.; Ait-Aissa, K.; Lagrange, J.; Youcef, G.; Louis, H. Hypertension, hypercoagulability and the metabolic syndrome: A cluster of risk factors for cardiovascular disease. Bio-Med. Mater. Eng. 2012, 22, 35–48. [Google Scholar]





© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons by Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  ijerph-13-00070


  
    		
      ijerph-13-00070
    


  




  





media/file0.png





