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Abstract 

Background  The multimorbidity of Atherosclerotic cardiovascular disease (ASCVD) and many other chronic con-
ditions is becoming common. This study aimed to assess multimorbidity distribution in ASCVD among adults 
in the United States from 1999 to 2018.

Methods  This cross-sectional survey from the National Health and Nutrition Examination Survey (NHANES) 1999–
2018 using stratified multistage probability design. Among the 53,083 survey respondents during the study period, 
5,729 US adults aged ≥ 20 years with ASCVD. Joinpoint regression was used to assess the statistical significance 
of prevalence trends in the prevalence of ASCVD stratified by multimorbidity. The Apriori association rule mining 
algorithm was used to identify common multimorbidity association patterns in ASCVD patients.

Results  Overall, 5,729 of 53,083 individuals had ASCVD, and the prevalence showed a slow declining trend (biannual 
percentage change = -0.81%, p = 0.035, average 7.71%). The prevalence of ASCVD significantly decreased in popula-
tions without dyslipidemia, diabetes mellitus (DM), hypertension, asthma, chronic obstructive pulmonary disease 
(COPD), and arthritis (all groups, p < 0.05). Additionally, 65.6% of ASCVD patients had at least four of the 12 selected 
chronic conditions, with four and five being the most common numbers of conditions (17.9% and 17.7%, respec-
tively). The five most common chronic conditions were (in order) dyslipidemia, hypertension, arthritis, chronic kidney 
disease, and DM. The coexistence of hypertension and dyslipidemia had the highest support in association rules 
(support = 0.63), while the coexistence of dyslipidemia, hypertension, metabolic syndrome, and DM had the highest 
lift (lift = 1.82).

Conclusions  During the 20-year survey period, there was a significant decrease in the overall prevalence of ASCVD. 
However, this reduction was primarily observed in individuals without dyslipidemia, DM, hypertension, asthma, COPD, 
and arthritis. Among populations with any of the evaluated chronic conditions, the prevalence of ASCVD remained 
unchanged. Most of ASCVD patients had four or more concurrent chronic conditions.
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Background
Atherosclerotic cardiovascular disease (ASCVD) is 
the most common cause of death worldwide, with 
460,000 deaths occurring over 7  years, accounting 
for one-third of all deaths [1]. In 2019, heart disease 
ranked first among the top 10 causes of death in the 
United States [2]. Among the important risk factors for 
ASCVD, control rates of hyperlipidemia and hyper-
tension as well as the patient’s medication adherence 
remain suboptimal, and the prevalence of diabetes 
mellitus is increasing dramatically, all of which limit 
the effectiveness of primary prevention of ASCVD 
[3–6]. What makes the situation even more complex 
is the aging of the global population. Population aging 
has accentuated multimorbidity in ASCVD patients, 
complicated medication requirement, made treatment 
more difficult, and even increased mortality [7, 8]. 
Therefore, the prevention and therapeutic of ASCVD 
remains highly challenging.

The World Health Organization defines multimorbidity 
as a condition in which two or more chronic conditions 
occur simultaneously, based on epidemiological and 
public health perspectives [9]. These conditions are in 
an individual. The multimorbidity of ASCVD and many 
other chronic conditions is becoming common. Many 
chronic diseases share risk factors as well as biologi-
cal pathways. Therefore, their prevention and treatment 
also have important intersections. There may be correla-
tions between ASCVD and some of these conditions; for 
example, some may be aggregated by ASCVD. Judging by 
the prognosis, multimorbidity lead to a worse prognosis 
for patients; they are more likely to experience premature 
death, hospital admissions, and extended hospital stays 
than those with a single disease [10]. Therefore, patients 
may benefit from a focus on multimorbidity with com-
prehensive consideration of these diseases, active preven-
tion, and rational medication use.

The Department of Health and Human Services and 
the Institute of Medicine convened a stakeholder meet-
ing that included the American Heart Association and 
American College of Cardiology (ACC) to identify core 
principles for clinical practice guidelines in the effective 
management of people with multiple chronic conditions 
in 2012 [11]. Eleven principles were identified during the 
meeting to improve the attentiveness of the guidelines 
for those with multiple chronic conditions [12]. The ACC 
developed an expert consensus on the decision pathway 
for integrating ASCVD and multimorbidity treatment in 
2022 [7]. Special attention was given to delaying disease 
progression and reducing the risk of adverse events, par-
ticularly in the context of multiple comorbidities.

Previous studies have already investigated some chronic 
conditions associated with ASCVD. Epidemiology of 

multimorbidity in older adults with cardiovascular dis-
ease [13], the multimorbidity rate and common chronic 
conditions of cardiovascular disease in China among peo-
ple aged 45 years or older [14], the relationship between 
comorbidities and health-related quality of life in Slove-
nian patients with coronary heart disease (CHD) [15], the 
relationship between the burden of comorbidities and the 
social determinants of health in patients with ASCVD in 
the United States [16], the prevalence of cardiac-renal-
metabolic (CRM) comorbidities [17], common non-car-
diovascular multimorbidity patterns and their association 
with clinical outcomes [18], etc. It is evident that the mul-
timorbidity of ASCVD have been gradually emphasized. 
However, no studies have been done on the changes in 
the prevalence trends of ASCVD over the past 20  years 
according to multimorbidity stratification and the asso-
ciations among the common co-morbidities of ASCVD. 
Therefore, this study was designed.

Methods
Data source
The National Health and Nutrition Examination Sur-
vey (NHANES) is a series of cross-sectional, nationally 
representative, noninstitutional US population sur-
veys designed to assess the health and nutritional sta-
tus of the US population. These surveys are completed 
through face-to-face interviews and health screenings 
at mobile screening centers, using a complex, stratified, 
multistage probability cluster sampling design [19].

The current analysis was performed using data from 
1999–2000 to 2017–2018 for adults aged ≥ 20  years. 
This study was approved by the Institutional Review 
Board of the National Center for Health Statistics, and 
all participants provided written informed consent. 
The analyses presented here needed no further ethical 
approval.

Data collection
Information collected included age, sex, race/ethnic-
ity (non-Hispanic white, non-Hispanic black, Hispanic, 
or others), education (less than high school, high school 
graduate, or above high school), family income-to-pov-
erty ratio (< 1.3, 1.3–3.49, or ≥ 3.5), health insurance 
status (uninsured or insured), and smoking status (non-
smoker, former smoker, or current smoker). ASCVD and 
12 other selected chronic conditions were: chronic liver 
disease (CLD), arthritis, chronic kidney disease (CKD), 
asthma, chronic obstructive pulmonary disease (COPD), 
diabetes mellitus (DM), dyslipidemia, hypertension, met-
abolic syndrome (MetS), congestive heart failure (CHF), 
cancer and obesity.
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Diagnostic criteria for ASCVD and multimorbidity
The ASCVD diagnosis was based on self-reported 
medical history and cardiovascular drug use, including 
those related to coronary heart disease (questionnaire: 
mcq160c), angina/angina pectoris (mcq160d), heart 
attack/myocardial infarction (mcq160e), and stroke 
(mcq160f ) [20].

We defined 12 diseases associated or potentially asso-
ciated with ASCVD from the list of chronic conditions 
[21], including arthritis, cancer, CKD, DM, dyslipi-
demia, hypertension, MetS, CHF, CLD, asthma, COPD, 
and obesity. These diseases were prevalent and were 
limited by the cross-sectional survey of the NHANES 
database, which did not allow for a clear sequence of 
occurrence between diseases. The diagnostic crite-
ria for the above diseases are described in Appendix 1 
(Supplement).

Outcomes
The primary outcomes were the distribution of multi-
morbidity in ASCVD and the association rules between 
multimorbidities. The secondary outcome was the corre-
lation between ASCVD and multimorbidity.

Statistical analysis
Using data from 10 2-year cycles (1999–2000 to 2017–
2018), the study analyzed the distribution of ASCVD 
patients among the 12 chronic-condition populations, as 
well as the overall prevalence trends of ASCVD stratified 
by those conditions.

The Joinpoint regression model was used to identify 
mean biannual percentage changes (BPC) and Average 
Biannual Percent Change (ABPC) in trends for the age-
adjusted estimated proportion among all adults with 
multimorbidity in ASCVD [22]. Joinpoint regression was 
used to assess the statistical significance of the trends.

In the visualized association rule analysis, the Apriori 
association rule mining algorithm was used to identify 
common multimorbidity association patterns in ASCVD 
patients using three measures of association rules [23]: 
(1) support: indicating the probability of multimorbid-
ity of disease A and disease B; (2) confidence: indicating 
the probability of multimorbidity of disease B among 
those with disease A; (3) lift: indicating the ratio of the 
actual multimorbidity of disease A and disease B to the 
expected multimorbidity. Greater lift values (> 1) indi-
cated stronger associations. In order to generate the 
association rules, the modeling process set the mini-
mum support degree at 0.1, minimum confidence degree 
at 0.6, minimum lift degree at 1, and minimum number 
of terms to 2. After obtaining the association rules, we 

visualized and analyzed them for better observation of 
the associations.

For the secondary outcome, weighted univariate and 
multivariate binary logistic regression analyses based on 
generalized linear models were used to explore the risk 
factors associated with ASCVD. Independent variables 
were selected using the stepwise regression method. 
The Akaike information criterion (AIC) was utilized as 
the judgment criteria, and the minimum AIC informa-
tion statistics were selected to obtain the overall optimal 
model [24]. We used odds ratios as a measure of effect. 
Multivariate logistic regression including product terms 
was used to explore the possible multiplicative scale 
interactions between variables (model adjusted for age, 
sex, race/ethnicity, education, Ratio of family income to 
poverty and smoking status). Furthermore, on an addi-
tive scale, we quantified the interaction or joint effect of 
two factors by calculating the risk that was more than 
expected based on the independent effects of these fac-
tors. A 2 * 2 addition model was constructed for statisti-
cally significant interaction terms to determine whether 
the interaction terms had an additive interaction from 
a biological perspective. Interaction was determined 
by calculating the relative excess risk due to interaction 
(RERI), attributable proportion due to interaction(AP), 
and synergy index(S). When the CI of RERI and AP do 
not contained 0 and the CI of S does not contained 1, 
there was additive interaction.

Missing data of outcome variables in ASCVD and of 
other variables (< 1%) were removed. Missing data for 
continuous variables were subjected to multiple imputa-
tion with predicted mean matching, while missing data 
for categorical variables were used as new categories. All 
statistical analyses used the imputed dataset.

To obtain the nationally representative estimates of the 
US, all analyses used weighted samples considering the 
stratification and clustering of the design and sampling 
weights estimated as the inverse probability of being 
selected for the survey [25]. To provide estimates for 
the entire 20 years, a weight variable sample was created 
by taking two-tenths of the 4-year weight for each per-
son sampled in 1999–2002 and one-tenth of the 2-year 
weight for each person sampled in 2003–2018.

All statistical analyses were performed using R Statis-
tical Software (v4.2.0, R Foundation for Statistical Com-
puting, Vienna, Austria). Data preprocessing with "dplyr" 
and “mice” packages, data analysis with "survey" package, 
association rules analysis analysis with "rules" package, 
visual association rules analysis with "arulesViz" package, 
graphing with "ggplot2" package, and so on. Joinpoint 
Software (Joinpoint Regression Program version 4.8.0.1, 
National Cancer Institute, USA) was used to study 
long-term trends in ASCVD prevalence, and statistical 
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significance was defined as a two-sided P-value ≤ 0.05. 
Results from secondary endpoint analyses should be 
interpreted as exploratory.

Results
Participant characteristics
Excluding pregnant participants (n = 1,545) and those 
with missing data (n = 13) on ASCVD, education, insur-
ance, and smoking status (n = 451), 53,083 individuals 
were included in the analysis, representing 212,719,813 
adult Americans. Among 5729 ASCVD patients, the 
majority were male, elderly, White, and obesity and had 
a high school education or higher, middle incomes, a his-
tory of smoking, and health insurance and had arthritis, 
hypertension, and dyslipidemia. The participant char-
acteristics are detailed in Table  1 and the flow chart of 
statistical analysis is shown in eFigure  1 (in Additional 
file 1). In addition, sensitivity analyses of baseline infor-
mation were performed on both the full case study 
and the multiply interpolated dataset, and the results 
were generally consistent(eTable  1). The response rate 
declined across cycles from 76% in 1999–2000 to 48.8% 
in 2017–2018.

Primary outcome
The overall age‑standardized prevalence of ASCVD stratified 
by multimorbidity
The overall age-standardized prevalence (ASP) of ASCVD 
was 7.71%(SE,0.15%). The ASP of ASCVD among indi-
viduals with any one of the 12 chronic conditions was sig-
nificantly higher than those without the respective disease 
(p < 0.001 for all subgroups). The ASP of ASCVD among 
individuals without any chronic conditions was lower than 
7.71%, ranked from low to high as follows: lipid abnor-
malities (5%), hypertension (5.13%), arthritis (6.23%), 
CKD (6.38%), CHF (6.51%), DM (6.54%), obesity (6.67%), 
asthma (7.13%), MetS (7.3%), COPD (7.32%), CLD (7.38%), 
and cancer (7.58%). However, the ASP of ASCVD in pop-
ulations with any one of the 12 diseases was higher than 
7.71%, ranked from high to low as follows: CHF (56.39%), 
COPD (17.08%), DM (13.52%), arthritis (11.78%), MetS 
(11.68%), asthma (11.67%), CKD (11.65%), hypertension 
(10.82%), cancer (10.33%), obesity (9.24%), CLD (8.73%), 
and dyslipidemia (8.51%). See Table 2 and eFigures 2 and 3 
in Additional file 1.

Trends in the overall ASP of ASCVD stratified 
by multimorbidity from 1999–2000 to 2017–2018
During the period from 1999 to 2018, the overall ASP 
of ASCVD showed a significant declining trend, with 
an average decrease rate of -0.81% (P = 0.035); however, 
subgroup analysis based on different chronic condi-
tions revealed inconsistent trends. The fastest declining 

ASP trend was observed in individuals without lipid 
abnormalities (BPC = -3.09, p trend = 0.006), followed 
by those without DM (BPC = -1.19, p trend = 0.001), 
without hypertension (BPC = -1.17, p = 0.004), with-
out asthma (BPC = -1.05, p trend = 0.013), without 
COPD (BPC = -0.87, p trend = 0.014), without CLD 
(BPC = -0.86, p trend = 0.012), and without arthritis 
(BPC = -0.81, p trend = 0.031). There were no significant 
changes in the ASCVD prevalence trend among popula-
tions with any one of the 12 chronic conditions (Table 2 
and eFigures 4 -6 in Additional file 1).

Multimorbidity distribution in the ASCVD population
In total, 65.9% of ASCVD patients had at least four of the 
12 selected chronic conditions, Among them, four and 
five were the most common (17.9% and 17.7%, respec-
tively). (see Figure and eTable  2 in Additional file  1). 
The number of chronic conditions differed significantly 
according to age and sex (eFigure 7 in Additional file 1). 
The 20–39 years age group had the highest proportion of 
having one chronic condition. The 40–59 years age group 
had the highest proportion of having three chronic con-
ditions. Patients over 60 years had the highest proportion 
of having 4–5 chronic conditions at the same time, and 
the difference between groups was statistically significant 
(χ2 = 255.1, p < 0.001), see eTable 3 for details. There were 
crossover points between males and females in the distri-
bution of the number of individuals having five chronic 
conditions. Before the crossover point, the distribution of 
the number of multiple chronic conditions in males was 
higher than that in females, while the opposite was true 
after the crossover (χ2 = 41.09, p < 0.001).

Association rule analysis of multimorbidity in ASCVD
The top five most frequent chronic conditions in the 
ASCVD population were dyslipidemia, hypertension, 
arthritis, CKD, and DM, in that order (Fig.  1). The 124 
significant association rules had the highest support for 
a coexistence pattern between hypertension and dyslipi-
demia (support = 0.63); and the highest lift pertained to 
the coexistence of dyslipidemia, hypertension, metabolic 
syndrome, and DM (lift = 1.82). The top 10 rules with 
the highest support are shown in eTable 4 in Additional 
file  1 and Fig.  2, dyslipidemia and hypertension are the 
core diseases with strong association rules. The group-
ing matrix clustered the 124 rules into 10 categories, and 
the top left corner of the figure shows the most interest-
ing group of rules based on lift, including metabolic syn-
drome, dyslipidemia, and DM (eFigure  8 in Additional 
file 1). The network plot also showed a strong association 
centered on dyslipidemia and hypertension (eFigure 9 in 
Additional file  1). The interactable network graph with 
high support (0.2), confidence (0.8), and lift (1) showed 



Page 5 of 13Tian et al. BMC Public Health          (2024) 24:267 	

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 a

du
lts

 w
ith

 m
ul

tim
or

bi
di

ty
 in

 A
SC

VD
 fr

om
 1

99
9–

20
00

 to
 2

01
7–

20
18

Va
ri

ab
le

O
ve

ra
ll

19
99

–2
00

0
20

01
–2

00
2

20
03

–2
00

4
20

05
–2

00
6

20
07

–2
00

8
20

09
–2

01
0

20
11

–2
01

2
20

13
–2

01
4

20
15

–2
01

6
20

17
–2

01
8

P 
va

lu
e

A
rt

hr
iti

s
0.

11

 
N

o
25

44
(4

4.
02

)
22

9(
46

.8
)

28
6(

48
.8

4)
26

8(
45

.2
)

20
8(

41
.8

1)
27

9(
43

.1
1)

28
5(

45
.7

6)
25

5(
50

.2
4)

23
9(

43
.6

7)
25

0(
39

.9
4)

24
5(

38
.5

7)

 
Ye

s
31

85
(5

5.
66

)
26

5(
53

.2
)

28
0(

51
.1

6)
34

6(
54

.8
)

29
7(

58
.1

9)
38

0(
56

.8
9)

35
3(

54
.2

4)
27

8(
49

.7
6)

29
2(

56
.3

3)
31

2(
60

.0
6)

38
2(

61
.4

3)

Ca
nc

er
0.

04

 
N

o
45

44
(7

8.
45

)
41

7(
84

.2
9)

43
4(

78
.6

)
49

3(
79

.7
1)

40
4(

80
.8

2)
52

0(
78

.4
1)

48
9(

76
.4

4)
43

9(
83

.6
6)

42
2(

77
.7

7)
43

8(
73

.6
4)

48
8(

74
.5

1)

 
Ye

s
11

85
(2

1.
4)

77
(1

5.
71

)
13

2(
21

.4
)

12
1(

20
.2

9)
10

1(
19

.1
8)

13
9(

21
.5

9)
14

9(
23

.5
6)

94
(1

6.
34

)
10

9(
22

.2
3)

12
4(

26
.3

6)
13

9(
25

.4
9)

C
KD

0.
03

 
N

o
33

75
(5

3.
33

)
31

7(
64

.3
2)

34
7(

60
.8

3)
34

8(
57

.7
4)

27
1(

54
.4

)
39

7(
61

.6
)

39
1(

63
.8

3)
30

4(
54

.9
3)

29
6(

57
.1

3)
32

8(
61

.7
)

37
6(

62
.6

8)

 
Ye

s
23

54
(3

5.
74

)
17

7(
35

.6
8)

21
9(

39
.1

7)
26

6(
42

.2
6)

23
4(

45
.6

)
26

2(
38

.4
)

24
7(

36
.1

7)
22

9(
45

.0
7)

23
5(

42
.8

7)
23

4(
38

.3
)

25
1(

37
.3

2)

D
M

<
 0

.0
01

 
N

o
35

14
(6

5.
3)

33
0(

73
.4

5)
41

2(
77

.3
2)

41
9(

70
.5

7)
31

9(
67

.0
6)

37
9(

61
.7

5)
38

3(
64

.6
4)

30
9(

63
.1

2)
29

8(
61

.3
8)

32
1(

61
.7

8)
34

4(
56

.8
2)

 
Ye

s
22

15
(3

4.
7)

16
4(

26
.5

5)
15

4(
22

.6
8)

19
5(

29
.4

3)
18

6(
32

.9
4)

28
0(

38
.2

5)
25

5(
35

.3
6)

22
4(

36
.8

8)
23

3(
38

.6
2)

24
1(

38
.2

2)
28

3(
43

.1
8)

H
yp

er
lip

id
em

ia
0.

07

 
N

o
11

94
(1

2.
48

)
14

0(
14

.7
5)

17
0(

14
.4

9)
14

2(
16

.1
5)

11
3(

17
.7

4)
12

4(
14

.5
7)

10
0(

12
.7

7)
10

1(
10

.3
7)

80
(1

0.
74

)
10

0(
11

.2
7)

12
4(

10
.8

6)

 
Ye

s
45

35
(8

1.
96

)
35

4(
85

.2
5)

39
6(

85
.5

1)
47

2(
83

.8
5)

39
2(

82
.2

6)
53

5(
85

.4
3)

53
8(

87
.2

3)
43

2(
89

.6
3)

45
1(

89
.2

6)
46

2(
88

.7
3)

50
3(

89
.1

4)

H
yp

er
te

ns
io

n
0.

35

 
N

o
12

83
(2

5.
69

)
12

8(
33

.7
1)

15
3(

27
.9

2)
14

2(
24

.8
2)

11
7(

26
.1

)
14

2(
24

.3
3)

14
5(

26
.8

6)
97

(2
4.

53
)

11
5(

25
.3

9)
12

1(
23

.6
)

12
3(

22
.3

6)

 
Ye

s
44

46
(7

4.
31

)
36

6(
66

.2
9)

41
3(

72
.0

8)
47

2(
75

.1
8)

38
8(

73
.9

)
51

7(
75

.6
7)

49
3(

73
.1

4)
43

6(
75

.4
7)

41
6(

74
.6

1)
44

1(
76

.4
)

50
4(

77
.6

4)

M
et

S
0.

34

 
N

o
47

91
(8

2.
83

)
42

0(
83

.3
5)

47
2(

83
.0

1)
52

6(
83

.1
9)

43
8(

87
.4

7)
53

0(
80

.4
9)

53
1(

83
.1

1)
44

4(
80

.9
)

44
3(

83
.7

5)
45

5(
79

.3
8)

53
2(

84
.0

3)

 
Ye

s
93

8(
17

.1
5)

74
(1

6.
65

)
94

(1
6.

99
)

88
(1

6.
81

)
67

(1
2.

53
)

12
9(

19
.5

1)
10

7(
16

.8
9)

89
(1

9.
1)

88
(1

6.
25

)
10

7(
20

.6
2)

95
(1

5.
97

)

C
H

F
0.

59

 
N

o
44

47
(7

8.
79

)
38

4(
80

.8
6)

43
7(

78
.4

3)
48

3(
80

.3
4)

37
9(

77
.4

9)
52

0(
80

.8
1)

52
0(

83
.2

4)
40

9(
78

.0
4)

41
0(

77
.9

2)
41

8(
78

.1
2)

48
7(

81
.3

3)

 
Ye

s
12

82
(2

0.
11

)
11

0(
19

.1
4)

12
9(

21
.5

7)
13

1(
19

.6
6)

12
6(

22
.5

1)
13

9(
19

.1
9)

11
8(

16
.7

6)
12

4(
21

.9
6)

12
1(

22
.0

8)
14

4(
21

.8
8)

14
0(

18
.6

7)

CO
PD

0.
04

 
N

o
50

58
(8

7.
46

)
45

0(
89

.9
8)

52
5(

92
.7

)
55

6(
89

.4
9)

45
1(

88
.6

5)
54

9(
83

.6
)

54
5(

86
.3

6)
46

6(
85

.7
3)

46
9(

86
.6

5)
49

1(
84

.7
9)

55
6(

87
.7

6)

 
Ye

s
67

1(
12

.5
4)

44
(1

0.
02

)
41

(7
.3

)
58

(1
0.

51
)

54
(1

1.
35

)
11

0(
16

.4
)

93
(1

3.
64

)
67

(1
4.

27
)

62
(1

3.
35

)
71

(1
5.

21
)

71
(1

2.
24

)

A
st

hm
a

0.
1

 
N

o
46

35
(7

9.
8)

40
2(

80
.3

3)
47

1(
82

.1
4)

52
3(

81
.6

8)
41

2(
81

.0
5)

54
2(

81
.2

2)
52

6(
81

.2
3)

42
7(

82
.8

7)
40

4(
74

.3
)

43
5(

75
.5

5)
49

3(
78

.6
1)

 
Ye

s
10

94
(2

0.
2)

92
(1

9.
67

)
95

(1
7.

86
)

91
(1

8.
32

)
93

(1
8.

95
)

11
7(

18
.7

8)
11

2(
18

.7
7)

10
6(

17
.1

3)
12

7(
25

.7
)

12
7(

24
.4

5)
13

4(
21

.3
9)

C
LD

<
 0

.0
01

 
N

o
42

21
(6

5.
85

)
39

8(
77

.9
7)

46
4(

77
.5

3)
47

7(
75

.6
2)

39
4(

74
.5

7)
48

9(
72

.6
7)

48
0(

75
.7

7)
42

4(
70

.1
5)

40
9(

76
)

43
1(

73
.4

1)
25

5(
35

.2
9)

 
Ye

s
15

08
(2

8.
28

)
96

(2
2.

03
)

10
2(

22
.4

7)
13

7(
24

.3
8)

11
1(

25
.4

3)
17

0(
27

.3
3)

15
8(

24
.2

3)
10

9(
29

.8
5)

12
2(

24
)

13
1(

26
.5

9)
37

2(
64

.7
1)

O
be

si
ty

0.
01

 
N

o
35

67
(5

0.
46

)
34

4(
61

.0
9)

41
0(

59
.2

1)
40

9(
61

.7
5)

31
7(

56
.6

7)
40

6(
58

.8
6)

35
3(

51
.1

1)
32

2(
54

.8
7)

33
0(

56
.3

8)
31

2(
49

.2
)

36
4(

49
.8

2)



Page 6 of 13Tian et al. BMC Public Health          (2024) 24:267 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Va
ri

ab
le

O
ve

ra
ll

19
99

–2
00

0
20

01
–2

00
2

20
03

–2
00

4
20

05
–2

00
6

20
07

–2
00

8
20

09
–2

01
0

20
11

–2
01

2
20

13
–2

01
4

20
15

–2
01

6
20

17
–2

01
8

P 
va

lu
e

 
Ye

s
21

62
(4

0.
44

)
15

0(
38

.9
1)

15
6(

40
.7

9)
20

5(
38

.2
5)

18
8(

43
.3

3)
25

3(
41

.1
4)

28
5(

48
.8

9)
21

1(
45

.1
3)

20
1(

43
.6

2)
25

0(
50

.8
)

26
3(

50
.1

8)

D
at

a 
ar

e 
ex

pr
es

se
d 

as
 u

nw
ei

gh
te

d 
si

ze
s 

an
d 

w
ei

gh
te

d 
pe

rc
en

ta
ge

s

Ch
i-s

qu
ar

e 
te

st
 is

 u
se

d 
fo

r a
ll 

co
m

pa
ris

on
s

AS
CV

D
 a

th
er

os
cl

er
ot

ic
 c

ar
di

ov
as

cu
la

r d
is

ea
se

, C
KD

 c
hr

on
ic

 k
id

ne
y 

di
se

as
e,

 D
M

 d
ia

be
te

s 
m

el
lit

us
, C

LD
 C

hr
on

ic
 li

ve
r d

is
ea

se
, C

H
F 

co
ng

es
tiv

e 
he

ar
t f

ai
lu

re
, M

et
S 

m
et

ab
ol

ic
 s

yn
dr

om
e,

 C
O

PD
 c

hr
on

ic
 o

bs
tr

uc
tiv

e 
pu

lm
on

ar
y 

di
se

as
e



Page 7 of 13Tian et al. BMC Public Health          (2024) 24:267 	

Ta
bl

e 
2 

Tr
en

ds
 in

 th
e 

pr
ev

al
en

ce
 o

f A
SC

VD
 s

tr
at

ifi
ed

 b
y 

m
ul

tim
or

bi
di

ty
 fr

om
 1

99
9–

20
00

 to
 2

01
7–

20
18

Ch
ar

ac
te

ri
st

ic
O

ve
ra

ll
P 

va
lu

e#
19

99
–2

00
0

20
01

–2
00

2
20

03
–2

00
4

20
05

–2
00

6
20

07
–2

00
8

20
09

–2
01

0
20

11
–2

01
2

20
13

–2
01

4
20

15
–2

01
6

20
17

–2
01

8
P 

fo
r 

tr
en

d*

A
rt

hr
iti

s
<

 0
.0

01

 
N

o
6.

23
(5

.9
4–

6.
52

)
6.

38
(5

.2
2–

7.
54

)
6.

64
(5

.5
4–

7.
74

)
7.

01
(5

.7
8–

8.
24

)
6.

13
(5

.4
8–

6.
78

)
6.

45
(5

.9
2–

6.
98

)
6.

1(
5.

18
–7

.0
2)

6.
52

(5
.5

2–
7.

52
)

6(
5.

31
–6

.6
9)

5.
42

(4
.5

6–
6.

28
)

5.
92

(4
.8

8–
6.

96
)

0.
03

1

 
Ye

s
11

.7
8(

10
.9

6–
12

.6
)

11
.1

4(
9.

59
–

12
.6

9)
12

.9
5(

11
.0

3–
14

.8
7)

12
.1

8(
9.

24
–

15
.1

2)
12

.5
9(

9.
49

–
15

.6
9)

11
.6

1(
8.

91
–

14
.3

1)
12

.1
8(

9.
42

–
14

.9
4)

9.
27

(8
.2

9–
10

.2
5)

10
.4

(7
.6

6–
13

.1
4)

12
(9

.8
–1

4.
2)

13
.0

5(
10

.2
7–

15
.8

3)
0.

44
7

Ca
nc

er
<

 0
.0

01

 
N

o
7.

58
(7

.2
9–

7.
87

)
7.

77
(6

.6
3–

8.
91

)
7.

66
(6

.6
–8

.7
2)

8.
53

(7
.2

4–
9.

82
)

7.
8(

6.
98

–8
.6

2)
7.

62
(6

.6
8–

8.
56

)
7.

09
(6

.2
5–

7.
93

)
7.

87
(7

.0
5–

8.
69

)
7.

36
(6

.5
4–

8.
18

)
6.

85
(6

.1
1–

7.
59

)
7.

48
(6

.6
–8

.3
6)

0.
08

1

 
Ye

s
10

.3
3(

8.
92

–1
1.

74
)

11
.0

1(
7.

48
–

14
.5

4)
11

.2
7(

7.
33

–
15

.2
1)

12
.8

3(
7.

95
–

17
.7

1)
9.

14
(7

.0
6–

11
.2

2)
9.

33
(6

.2
1–

12
.4

5)
11

.9
3(

6.
38

–
17

.4
8)

6.
11

(3
.9

7–
8.

25
)

10
.4

9(
4.

2–
16

.7
8)

9.
11

(5
.7

2–
12

.5
)

12
.6

9(
8.

32
–

17
.0

6)
0.

65
3

C
KD

<
 0

.0
01

 
N

o
6.

38
(6

.0
7–

6.
69

)
6.

81
(5

.6
7–

7.
95

)
6.

52
(5

.4
8–

7.
56

)
7.

15
(5

.6
6–

8.
64

)
5.

89
(5

.1
8–

6.
6)

6.
77

(5
.5

7–
7.

97
)

6.
53

(5
.6

3–
7.

43
)

5.
64

(4
.9

9–
6.

29
)

5.
95

(5
.0

9–
6.

81
)

5.
99

(5
.1

9–
6.

79
)

6.
76

(5
.7

8–
7.

74
)

0.
37

7

 
Ye

s
11

.6
5(

10
.8

9–
12

.4
1)

11
.4

1(
8.

9–
13

.9
2)

9.
89

(8
.7

1–
11

.0
7)

14
.1

2(
10

.9
3–

17
.3

1)
13

.6
4(

10
.1

9–
17

.0
9)

11
.0

6(
8.

85
–

13
.2

7)
10

.3
3(

7.
88

–
12

.7
8)

13
.9

(1
1.

78
–

16
.0

2)
11

.2
(9

.4
–1

3)
10

.3
9(

8.
65

–
12

.1
3)

10
.7

4(
8.

72
–

12
.7

6)
0.

78
4

D
M

<
 0

.0
01

 
N

o
6.

54
(6

.2
7–

6.
81

)
6.

85
(5

.9
3–

7.
77

)
7.

37
(6

.5
7–

8.
17

)
7.

68
(6

.5
4–

8.
82

)
6.

82
(6

.0
6–

7.
58

)
6.

53
(5

.6
9–

7.
37

)
6.

34
(5

.4
–7

.2
8)

6.
22

(5
.3

–7
.1

4)
6.

01
(5

.2
5–

6.
77

)
5.

92
(4

.9
2–

6.
92

)
6.

13
(5

.3
9–

6.
87

)
0.

00
1

 
Ye

s
13

.5
2(

12
.5

2–
14

.5
2)

16
.6

1(
11

.6
3–

21
.5

9)
14

.1
9(

7.
76

–
20

.6
2)

14
.8

8(
10

.7
2–

19
.0

4)
13

.5
5(

11
.1

2–
15

.9
8)

13
.9

7(
11

.2
7–

16
.6

7)
12

.1
7(

9.
82

–
14

.5
2)

13
.0

1(
10

.5
4–

15
.4

8)
12

.2
5(

9.
8–

14
.7

)
12

.3
4(

10
.1

8–
14

.5
)

14
.4

7(
11

.6
1–

17
.3

3)
0.

42
5

D
ys

lip
id

em
ia

<
 0

.0
01

 
N

o
5(

4.
53

–5
.4

7)
5.

83
(4

.0
5–

7.
61

)
5.

18
(3

.6
9–

6.
67

)
7.

04
(5

.6
5–

8.
43

)
6.

3(
4.

42
–8

.1
8)

5.
66

(4
.1

9–
7.

13
)

5.
09

(3
.2

1–
6.

97
)

4.
01

(2
.5

2–
5.

5)
3.

68
(2

.7
2–

4.
64

)
4.

25
(3

.1
7–

5.
33

)
4.

11
(2

.7
8–

5.
44

)
0.

00
6

 
Ye

s
8.

51
(8

.1
4–

8.
88

)
8.

36
(7

.1
3–

9.
59

)
8.

57
(7

.4
5–

9.
69

)
9.

46
(7

.7
2–

11
.2

)
8.

32
(7

.6
5–

8.
99

)
8.

37
(7

.1
9–

9.
55

)
8.

27
(7

.2
9–

9.
25

)
8.

6(
7.

82
–9

.3
8)

8.
37

(7
.0

8–
9.

66
)

8.
2(

7.
12

–9
.2

8)
8.

85
(7

.6
7–

10
.0

3)
0.

96
6

H
yp

er
te

ns
io

n
<

 0
.0

01

 
N

o
5.

13
(4

.7
4–

5.
52

)
5.

94
(4

.3
5–

7.
53

)
5.

74
(4

.7
4–

6.
74

)
5.

82
(4

.5
1–

7.
13

)
5.

22
(4

.2
–6

.2
4)

5.
07

(3
.9

9–
6.

15
)

5.
2(

4.
28

–6
.1

2)
4.

45
(3

.0
4–

5.
86

)
5(

4.
06

–5
.9

4)
4.

33
(2

.8
8–

5.
78

)
5(

4.
02

–5
.9

8)
0.

00
4

 
Ye

s
10

.8
2(

10
.3

3–
11

.3
1)

9.
58

(8
.0

3–
11

.1
3)

11
.7

2(
10

.0
1–

13
.4

3)
12

.1
7(

9.
66

–
14

.6
8)

10
.4

7(
9.

18
–

11
.7

6)
11

.2
6(

9.
65

–
12

.8
7)

10
.7

6(
9.

41
–

12
.1

1)
10

.3
6(

9.
11

–
11

.6
1)

9.
75

(8
.4

8–
11

.0
2)

10
.0

3(
8.

87
–

11
.1

9)
11

.9
8(

10
.6

7–
13

.2
9)

0.
91

4

M
et

S
<

 0
.0

01

 
N

o
7.

3(
7.

03
–

7.
57

)
7.

41
(6

.4
9–

8.
33

)
7.

51
(6

.4
9–

8.
53

)
8.

14
(6

.9
1–

9.
37

)
7.

74
(6

.9
–8

.5
8)

7.
49

(6
.6

7–
8.

31
)

7.
12

(6
.3

6–
7.

88
)

6.
92

(6
.0

6–
7.

78
)

7.
06

(6
.2

2–
7.

9)
6.

53
(5

.9
6–

7.
1)

7.
39

(6
.5

5–
8.

23
)

0.
03

9

 
Ye

s
11

.6
8(

10
.7

–1
2.

66
)

11
.4

2(
7.

36
–

15
.4

8)
12

.5
4(

9.
36

–
15

.7
2)

15
.0

1(
10

.1
7–

19
.8

5)
11

.1
9(

8.
5–

13
.8

8)
11

.3
1(

8.
57

–
14

.0
5)

10
.7

6(
9.

15
–

12
.3

7)
12

.7
9(

10
.2

2–
15

.3
6)

9.
66

(6
.6

4–
12

.6
8)

11
.1

7(
8.

48
–

13
.8

6)
11

.9
8(

8.
92

–
15

.0
4)

0.
45

2

C
H

F
<

 0
.0

01

 
N

o
6.

51
(6

.2
6–

6.
76

)
6.

58
(5

.6
2–

7.
54

)
6.

61
(5

.7
3–

7.
49

)
7.

47
(6

.1
8–

8.
76

)
6.

6(
5.

97
–7

.2
3)

6.
77

(6
.0

6–
7.

48
)

6.
54

(5
.8

–7
.2

8)
6.

34
(5

.5
4–

7.
14

)
6.

06
(5

.3
–6

.8
2)

5.
79

(5
.1

4–
6.

44
)

6.
67

(6
.0

2–
7.

32
)

0.
16

3

 
Ye

s
56

.3
9(

49
.5

3–
63

.2
5)

58
.5

6(
35

.6
5-

–8
1.

47
)

46
.7

5(
42

.5
9–

50
.9

1)
74

.2
7(

63
.0

8–
85

.4
6)

59
.2

(4
0.

29
–

78
.1

1)
56

.1
7(

42
.2

9–
70

.0
5)

59
.6

5(
35

.6
2–

83
.6

8)
40

.5
6(

32
.2

3–
48

.8
9)

48
.2

9(
29

.9
4–

66
.6

4)
67

.3
2(

47
.6

6–
86

.9
8)

58
.7

5(
43

.0
7–

74
.4

3)
0.

70
2

CO
PD

<
 0

.0
01



Page 8 of 13Tian et al. BMC Public Health          (2024) 24:267 

Ta
bl

e 
2 

(c
on

tin
ue

d)

Ch
ar

ac
te

ri
st

ic
O

ve
ra

ll
P 

va
lu

e#
19

99
–2

00
0

20
01

–2
00

2
20

03
–2

00
4

20
05

–2
00

6
20

07
–2

00
8

20
09

–2
01

0
20

11
–2

01
2

20
13

–2
01

4
20

15
–2

01
6

20
17

–2
01

8
P 

fo
r 

tr
en

d*

 
N

o
7.

32
(7

.0
3–

7.
61

)
7.

47
(6

.4
7–

8.
47

)
7.

83
(6

.9
3–

8.
73

)
8.

33
(6

.9
6–

9.
7)

7.
54

(6
.8

7–
8.

21
)

7.
47

(6
.5

5–
8.

39
)

7.
19

(6
.3

1–
8.

07
)

7.
26

(6
.4

6–
8.

06
)

6.
79

(6
.0

1–
7.

57
)

6.
42

(5
.7

7–
7.

07
)

7.
29

(6
.4

3–
8.

15
)

0.
01

4

 
Ye

s
17

.0
8(

14
.2

–-
19

.9
6)

30
.8

4(
18

.6
1–

43
.0

7)
22

.1
9(

2.
41

–
41

.9
7)

26
.9

9(
9.

1–
44

.8
8)

17
.7

(1
2.

11
–

23
.2

9)
13

.8
2(

9.
72

–
17

.9
2)

11
.1

8(
6.

48
–

15
.8

8)
10

.7
1(

7.
69

–
13

.7
3)

19
.7

9(
15

.0
3–

24
.5

5)
18

.0
5(

13
.9

5–
22

.1
5)

56
.3

7(
51

.0
4–

61
.7

)
0.

48
8

A
st

hm
a

<
 0

.0
01

 
N

o
7.

13
(6

.8
4–

7.
42

)
7.

45
(6

.2
3–

8.
67

)
7.

66
(6

.7
4–

8.
58

)
8.

09
(6

.6
–9

.5
8)

7.
38

(6
.6

9–
8.

07
)

7.
34

(6
.4

8–
8.

2)
6.

97
(6

.1
1–

7.
83

)
7.

24
(6

.3
8–

8.
1)

6.
33

(5
.8

–6
.8

6)
6.

25
(5

.6
–6

.9
)

7.
07

(6
.3

1–
7.

83
)

0.
01

3

 
Ye

s
11

.6
7(

10
.8

3–
12

.5
1)

10
.1

3(
8.

66
–

11
.6

)
9.

97
(7

.7
–1

2.
24

)
13

.9
2(

10
.8

–
17

.0
4)

12
.2

8(
9.

5–
15

.0
6)

11
.7

9(
9.

5–
14

.0
8)

11
.3

8(
8.

85
–

13
.9

1)
9.

77
(8

.3
–1

1.
24

)
13

.2
7(

10
.3

7–
16

.1
7)

11
.8

5(
8.

62
–

15
.0

8)
12

.3
8(

9.
97

–
14

.7
9)

0.
35

1

C
LD

<
 0

.0
01

 
N

o
7.

38
(7

.0
7–

7.
69

)
7.

88
(6

.9
2–

8.
84

)
7.

71
(6

.7
1–

8.
71

)
8.

49
(7

.1
8–

9.
8)

7.
7(

6.
92

–8
.4

8)
7.

36
(6

.4
–8

.3
2)

7.
23

(6
.2

5–
8.

21
)

6.
9(

6.
02

–7
.7

8)
6.

93
(6

.0
3–

7.
83

)
6.

76
(5

.7
8–

7.
74

)
7.

58
(6

.2
9–

8.
87

)
0.

01
2

 
Ye

s
8.

73
(8

.1
8–

9.
28

)
8.

06
(6

.1
2–

10
)

7.
98

(6
.2

2–
9.

74
)

9.
94

(7
.6

7–
12

.2
1)

9(
7.

12
–1

0.
88

)
9.

61
(7

.4
7–

11
.7

5)
8.

8(
8–

9.
6)

10
.2

4(
8.

3–
12

.1
8)

8.
9(

7.
37

–1
0.

43
)

8.
03

(6
.5

–9
.5

6)
7.

98
(6

.7
8–

9.
18

)
0.

56
1

O
be

si
ty

<
 0

.0
01

 
N

o
6.

67
(6

.3
4–

7)
7.

04
(5

.9
6–

8.
12

)
6.

56
(5

.4
4–

7.
68

)
7.

96
(6

.5
9–

9.
33

)
6.

73
(5

.8
9–

7.
57

)
7.

07
(6

.0
5–

8.
09

)
6.

2(
5.

3–
7.

1)
6.

49
(5

.5
9–

7.
39

)
6.

57
(5

.6
5–

7.
49

)
5.

75
(4

.8
7–

6.
63

)
6.

6(
5.

5–
7.

7)
0.

07
3

 
Ye

s
9.

24
(8

.7
7–

9.
71

)
9.

02
(7

.2
–1

0.
84

)
10

.0
9(

7.
88

–
12

.3
)

10
.5

(8
.3

2–
12

.6
8)

9.
67

(8
.3

8–
10

.9
6)

9.
12

(7
.0

8–
11

.1
6)

9.
71

(8
.7

5–
10

.6
7)

9.
3(

8.
07

–1
0.

53
)

8.
1(

7.
02

–9
.1

8)
8.

7(
7.

5–
9.

9)
9.

08
(7

.7
7–

10
.3

9)
0.

07
7

D
at

a 
ar

e 
ex

pr
es

se
d 

as
 a

ge
-a

dj
us

te
d 

pr
ev

al
en

ce
 w

ith
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

AS
CV

D
 a

th
er

os
cl

er
ot

ic
 c

ar
di

ov
as

cu
la

r d
is

ea
se

, C
KD

 c
hr

on
ic

 k
id

ne
y 

di
se

as
e,

 D
M

 d
ia

be
te

s 
m

el
lit

us
, C

LD
 C

hr
on

ic
 li

ve
r d

is
ea

se
, C

H
F 

co
ng

es
tiv

e 
he

ar
t f

ai
lu

re
, M

et
S 

m
et

ab
ol

ic
 s

yn
dr

om
e,

 C
O

PD
 c

hr
on

ic
 o

bs
tr

uc
tiv

e 
pu

lm
on

ar
y 

di
se

as
e

*   s
ta

tis
tic

al
 s

ig
ni

fic
an

ce
 o

f t
re

nd
s 

w
as

 a
ss

es
se

d 
by

 c
al

cu
la

tin
g 

A
BP

C 
by

 Jo
in

po
in

t l
og

is
tic

 re
gr

es
si

on
#  C

hi
-s

qu
ar

e 
te

st
 is

 u
se

d 
fo

r s
ub

gr
ou

ps
 c

om
pa

ris
on

 o
f v

ar
ia

bl
es



Page 9 of 13Tian et al. BMC Public Health          (2024) 24:267 	

24 association rules consisting of seven co-morbidities 
(dyslipidemia, hypertension, arthritis, DM, obesity, CKD, 
and CLD). As shown in eFigure  10 in Additional file  1, 
more rules included dyslipidemia, hypertension, and 
arthritis.

Secondary outcomes
Factors associated with ASCVD
The results of the univariate analysis of ASCVD correla-
tion showed that age, sex, race, education level, poverty 
index, smoking, and the 12 chronic conditions were sig-
nificantly correlated with ASCVD (all p < 0.05). In fur-
ther stepwise regression multifactor analysis, insurance, 
MetS, and cancer were excluded, and other variables 
remained statistically significant (eTable 5 in Additional 
file  1). CHF was excluded because it was the outcome 
variable for most ASCVDs. Thus, 36 interaction terms 
for nine chronic conditions were included in the final 
model. The results showed that the effect values for 
COPD and CLD were no longer significant in the main 
effect term. In the other seven chronic conditions, the 
strength of association between the main effect term 
and ASCVD, including in the multifactorial model with 

Fig. 1  Distribution of the number and type of multimorbidity in ASCVD. ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; 
DM, diabetes mellitus; CLD, chronic liver disease; CHF, congestive heart failure; MetS, metabolic syndrome; COPD, chronic obstructive pulmonary 
disease

Fig. 2  The 10 rules with the highest support show. As shown 
in the figure, dyslipidemia and hypertension continued to be the core 
diseases with strong association rules
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interaction terms. was the highest for hypertension 
(odds ratio [OR] = 2.61; 95% confidence interval [CI], 
1.92–3.54), dyslipidemia (OR = 2.4; 95% CI, 1.84–3.12), 
CKD (OR = 2.07; 95% CI, 1.48–2.89), arthritis (OR = 1.97; 
95% CI, 1.48–2.62), asthma (OR = 1.89; 95% CI, 1.32–
2.71), DM (OR = 1.74; 95% CI, 1.23–2.45), and obesity 
(OR = 1.58; 95% CI, 1.12–2.6), in that order. All these 
diseases were significantly and positively associated with 
ASCVD (Fig. 3 and eTable4 in Additional file 1). In addi-
tion, we added multivariate logistic regression models 
controlling for year fixed effect, which showed no sta-
tistically significant results compared to any other cycle, 
using the 1999–2000 cycle as a reference. The results of 
the multivariate analysis of the effect values for the vari-
ous chronic diseases before and after the addition of the 
year effect were unchanged (eTable 6).

Interactions among multimorbidity in ASCVD
In the multifactor model with added interaction terms, 
three statistically significant multiplicative interac-
tion terms were also observed, with positive multipli-
cative interactions between hypertension and asthma 
(OR = 1.3;4 95% CI, 1.05–1.73), and between DM and 
obesity (OR = 1.29; 95% CI, 1.03–1.62). Meanwhile, CKD 
and asthma (OR = 0.59; 95% CI, 0.45–0.76) showed a 
negative multiplicative interaction (eTable 7 in Additional 

file  1). In additive interactions, synergistic effects were 
observed between DM and dyslipidemia, asthma and 
hypertension, and asthma and arthritis, respectively, but 
antagonistic effects were observed between asthma and 
CKD (eTable 8 and eFigure 11 in Additional file 1).

Discussion
In the current study, 66% of ASCVD patients had at least 
four of the 12 selected chronic conditions and 36% of 
patients had 4–5 chronic conditions. The prevalence of 
multimorbidity reported in previous studies varies widely 
due to different populations targeted and different dis-
eases included. A literature review shows that the preva-
lence of older patients with cardiovascular disease with 
at least one additional morbidity ranges from 10 to 77%; 
the frequency of four or more additional chronic condi-
tions ranged from 5 to 60% [26]. The overall prevalence 
of ASCVD was higher in populations with any one of the 
chronic conditions compared to that in the general popu-
lation. Additionally, over the 20-year period, the decline 
in ASCVD prevalence was primarily observed in popu-
lations without most of the chronic conditions, while no 
decline was seen in the population with them. This sug-
gests that greater attention should be given to prevent-
ing ASCVD among populations with these common 
chronic conditions. The top five most frequent chronic 

Fig. 3  Independent association of multimorbidity with ASCVD in a multivariable logistic regression model with interaction. Model adjusted for age, 
sex, race/ethnicity, education, ratio of family income to poverty, insurance, and smoking status. Error bars indicate 95% CI. ASCVD, atherosclerotic 
cardiovascular disease; CKD, chronic kidney disease; DM, diabetes mellitus; CLD, chronic liver disease; CHF, congestive heart failure; MetS, metabolic 
syndrome; COPD, chronic obstructive pulmonary disease; OR, odds ratio; CI, confidence interval
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conditions in the ASCVD population were dyslipidemia, 
hypertension, arthritis, CKD, and DM. This is similar to 
the findings of previous studies. Studies have reported 
that the most common morbidities of cardiovascular dis-
ease in the elderly are diabetes, chronic kidney disease, 
anemia, chronic obstructive pulmonary disease, and 
dementia/cognitive impairment [26]. A cross-sectional 
study of Chinese patients aged 45  years and older with 
CVD showed hypertension (56.1%), arthritis or rheu-
matism (53.9%), and digestive diseases (41.5%) to be the 
three most common chronic disease comorbidities [14]. 
In a study of comorbidity patterns in adults with CVD 
in the United Kingdom between 2000 and 2014, the 
most common comorbidities were hypertension (28.9%), 
depression (23.0%), arthritis (20.9%), asthma (17.7%) and 
anxiety (15.0%). Cardiometabolic diseases and arthri-
tis were highly prevalent in patients over 40  years of 
age, and psychiatric disorders were highly prevalent in 
patients aged 30–59  years [27]. Among the 124 asso-
ciation rules, there were strong associations between 
dyslipidemia, hypertension, MeS, and DM. In the mul-
tivariable analysis, hypertension, dyslipidemia, CKD, 
arthritis, asthma, DM, and obesity were significantly 
and positively associated with ASCVD. Additionally, 
interactions were observed among some chronic condi-
tions. Chronic conditions that coexist with ASCVD may 
be risk factors or consequences and may share some of 
its pathophysiologic mechanisms or simply coexist with 
increasing prevalence with age [10, 28]. Among the top 
five most common chronic conditions in ASCVD, dys-
lipidemia, hypertension, and DM are all risk factors for 
ASCVD. This is consistent with previous research. In a 
2018 analysis, 81.3%, 69.1%, and 41.7% of Medicare ben-
eficiaries with ischemic heart disease had hypertension, 
dyslipidemia, and DM, respectively [11]. This confirms 
the importance of risk factor control for ASCVD treat-
ment. Regarding the relationship between arthritis, CKD, 
and ASCVD, we found some interesting results in our 
multivariable analysis. In addition to well-known risk fac-
tors such as hypertension, dyslipidemia, DM, and obesity, 
we also found that CKD, asthma, and arthritis were sig-
nificantly and positively associated with ASCVD. In addi-
tion, both multiplicative and additive interactions showed 
that hypertension and asthma were synergistic, while 
CKD and asthma were antagonistic. ASCVD and asthma 
share a common immune mechanistic basis [29, 30]. In a 
Korean study, asthma was associated with ischemic heart 
disease in individuals aged > 53  years [31]. Collectively, 
these findings support that the combination of hyper-
tension and asthma will further increase ASCVD risk. In 
patients who have both hypertension and asthma, it may 
be necessary to pay attention or screen for the presence 
of ASCVD to facilitate early detection and treatment. 

Patients with CKD have a higher risk of developing cardi-
ovascular disease. Early detection, staging, and treatment 
of CKD have a central role in initialing cardiorenal pre-
ventative therapy, and patients at a high risk of ASCVD 
can benefit from improvement in this regard [32]. Mul-
tiple studies have shown that asthma increases the risk 
of CKD, independent of obesity, DM, hypertension, and 
other recognized risk factors. However, treatment of 
asthma with steroids or nonsteroidal medications may 
reduce this risk. Interestingly, our study suggested that 
patients with both asthma and CKD had a reduced risk of 
ASCVD. Therefore, the relationship between these three 
conditions deserves further research. In addition, hyper-
tension, DM, obesity, and dyslipidemia are risk factors for 
ASCVD, and co-occurrence of any two of these diseases 
increases the risk of ASCVD, which is consistent with the 
results of our interaction analysis.

Moreover, asthma and arthritis showed a synergis-
tic additive interaction. Asthma was positively associ-
ated with rheumatoid arthritis and was a risk factor for 
it. Chronic mucosal airway inflammation in asthma may 
contribute to anti-citrullinated protein antibody devel-
opment and the pathogenesis of rheumatoid arthritis. 
Compared with the general population, patients with 
rheumatoid arthritis have twice the risk of ASCVD, 
stroke, heart failure, and atrial fibrillation. Chronic 
inflammation is a common mechanism for all three dis-
eases. Therefore, focusing on the multimorbidity of 
asthma, arthritis, and ASCVD, and even extending to 
other chronic inflammatory diseases may aid in discov-
ering synergistic treatment options for multiple diseases.

In summary, each patient is a complex whole; the sum 
of multiple disease effects. Therefore, the prevention and 
treatment of ASCVD must also follow a comprehen-
sive analysis of multiple disease characteristics, progno-
sis, drug interactions and contraindications, and social 
determinants of health. For some hospitalized patients 
or patients in Intensive Care Unit (ICU) or Emergency 
Room (ER), multimorbidity may receive more attention 
and Multi-Disciplinary Treatment (MDT) will be per-
formed to develop a comprehensive plan. However, for 
more patients, especially those with multimorbidity of 
common chronic diseases, on the one hand, they do not 
know the relationship between the diseases themselves, 
and on the other hand, they often need to go to various 
departments successively when seeking medical con-
sultation, which may make it difficult for them to get a 
comprehensive plan in the end. However, the manage-
ment of multimorbidity is more and more important in 
daily and lifelong management. For example, if a patient 
with coronary atherosclerotic heart disease who needs to 
take antiplatelet medicine also suffers from arthritis and 
often takes NSAIDs for pain relief, long-term attention 
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to the gastrointestinal risks associated with the combina-
tion of the two types of medications and proper manage-
ment may be able to avoid a gastrointestinal hemorrhage 
emergency. Another example is the long-term manage-
ment of patients with cardiorenal syndrome, which, if 
both cardiac and renal aspects are taken into account, 
may be able to reduce the frequency of re-hospitalization 
and improve the prognosis. However, how to do a good 
job of daily multimorbidity management is a great chal-
lenge for clinicians. Due to the current refinement and 
deepening of medical specialties, doctors tend to focus 
more on diseases in their own specialty areas and less 
on other areas. General practitioners, on the other hand, 
have a relatively less in-depth grasp of each disease. But 
if every patient visit is discussed jointly by multidiscipli-
nary doctors, can the increased workload and healthcare 
costs be affordable? Is it possible to continue to train 
General practitioners in depth and focus on the man-
agement of multimorbidity? Or can we explore better 
forms of multidisciplinary discussion? This may requires 
increased awareness at the public health level, in-depth 
and extensive research, and increased investment. Thus, it 
can effectively improve the cognition of both doctors and 
patients on multimorbidity, complete the comprehensive 
diagnosis and treatment of multimorbidity, optimize the 
management of patients with complex conditions, and 
cover the whole course of multimorbidity prevention and 
treatment. However, in any case, the collaborative man-
agement of ASCVD and its multimorbidity is crucial.

This study had some limitations. First, self-reporting 
of some chronic conditions and potential misclassifica-
tion of drug use meant potential misclassification bias 
could not be ruled out. Second, partially missing data 
on chronic conditions such as CKD and DM may have 
reduced the estimates of disease prevalence. Third, some 
confounding and mediating factors may not have been 
considered. Finally, other chronic conditions and social 
determinants of health could not be included in this 
study owing to limited NHANES survey content.

Conclusion
The overall prevalence of ASCVD significantly decreased 
over the 20-year survey period. However, this reduction 
was primarily observed in populations without dyslipi-
demia, DM, hypertension, asthma, COPD, and arthritis. 
The majority of ASCVD patients had four or more con-
current chronic conditions. Dyslipidemia and hyperten-
sion were the core diseases among chronic conditions 
with strong association rules. In addition to traditional 
risk factors such as hypertension, dyslipidemia, DM, and 
obesity, attention should also be paid to the multimorbid-
ity of asthma, arthritis, CKD, and ASCVD.
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