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Abstract

Background Previous studies have investigated the association between cardiometabolic risk factors and cardiovas-
cular disease (CVD), but evidence of the attributable burden of individual and combined cardiometabolic risk factors
for CVD and mortality is limited. We aimed to investigate and quantify the associations and population attributable
fraction (PAF) of cardiometabolic risk factors on CVD and all-cause mortality, and calculate the loss of CVD-free years
and years of life lost in relation to the presence of cardiometabolic risk factors.

Methods Twenty-two thousand five hundred ninety-six participants aged > 35 without CVD at baseline were
included between October 2012 and December 2015. The outcomes were the composite of fatal and nonfatal

CVD events and all-cause mortality, which were followed up in 2018 and 2019 and ascertained by hospital records
and death certificates. Cox regression was applied to evaluate the association of individual and combined cardiomet-
abolic risk factors (including hypertension, diabetes and high low-density lipoprotein cholesterol (LDL-C)) with CVD
risk and all-cause mortality. We also described the PAF for CVD and reductions in CVD-free years and life expectancy
associated with different combination of cardiometabolic conditions.

Results During the 4.92 years of follow-up, we detected 991 CVD events and 1126 deaths. Hazard ratio were 1.59
(95% confidential interval (Cl) 1.37-1.85), 1.82 (95%Cl| 1.49-2.24) and 2.97 (95%Cl 1.85-4.75) for CVD and 1.38 (95%Cl
1.20-1.58), 1.66 (95%Cl 1.37-2.02) and 2.97 (95%Cl 1.88-4.69) for all-cause mortality, respectively, in participants
with one, two or three cardiometabolic risk factors compared with participants without diabetes, hypertension,
and high LDL-C. 21.48% of CVD and 15.38% of all-cause mortality were attributable to the combined effect of dia-
betes and hypertension. Participants aged between 40 and 60 years old, with three cardiometabolic disorders, had
approximately 4.3-year reductions life expectancy compared with participants without any abnormalities of cardio-
metabolic disorders.

Conclusions Cardiometabolic risk factors were associated with a multiplicative risk of CVD incidence and all-cause
mortality, highlighting the importance of comprehensive management for hypertension, diabetes and dyslipidemia
in the prevention of CVD.
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Introduction

Cardiovascular disease (CVD) remains the lead-
ing cause of death in China, and nearly 4.58 million
deaths were from CVD in 2020 [1]. Over the past two
decades, China has experienced rapid economic and
demographic transitions, CVD burden are likely to
increase due to the aging population and unfavora-
ble life-style behaviors that can lead to an increase in
hypertension, dyslipidemia, diabetes as well as other
non-communicable disorders. It has been estimated
that the prevalence of hypertension, diabetes and dys-
lipidemia in China were 23.2%, 11.2% and 33.8% [2-4],
respectively, which may contribute a larger CVD bur-
den to society and government, because hypertension,
diabetes, and hyperlipidemia are the major metaboli-
cally attributable risk factors for CVD disease burden
[5, 6]. Moreover, hypertension, high cholesterol, and
hyperglycemia often coexist, which have common
metabolic abnormalities, and real-world evidence
found that approximately 66% of those diagnosed with
diabetes had dyslipidemia and hypertension [7].

Previous studies have investigated the associa-
tion of blood pressure, blood glucose, and lipids with
CVD and all-cause mortality risk and their attribut-
able disease burden separately [8, 9]. However, few
have systematically clarified the association between
combined cardiometabolic disorders and CVD and
all-cause mortality, especially for Chinese people. To
our best knowledge, only one study has investigated
the associations of individual and combined hyperten-
sion, diabetes and dyslipidemia with CVD risk among
Chinese, and found that both individual and combined
cardiometabolic risk factors are related to CVD risk,
and these three risk factors showed a multiplicative
risk of CVD incidence. However, this study had a rela-
tively short follow-up duration, which might limit the
statistical power [10]. Besides, the evidence regarding
the attributable burden of comorbidities for CVD and
mortality was insufficient, and the relatively few data
from China were involved. Beyond that, few studies
have quantitatively assessed such relationships using
absolute metrics such as disease-free years, which was
easy to understand for both the general public and
healthcare professionals [11, 12].

Therefore, it is of paramount importance to clarify
and quantify both the individual and combined associ-
ations and PAF of cardiometabolic risk factors, includ-
ing hypertension, diabetes and high LDL-C, with the
risk of CVD and mortality, and calculate the loss of
CVD-free years and years of life lost in relation to the
presence of cardiometabolic risk factors.
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Materials and methods

Study population

China Hypertension Survey (CHS) is a nationally repre-
sentative population-based study, which recruiting~ 0.5
million participants from 31 provinces between Octo-
ber 2012 to December 2015 in mainland China. Design
details were published previously [13—15]. This sub-study
was based on CHS, and 16 cities and 17 counties were
selected using a simple random sampling method from
eastern, central, and western regions according to their
geographical location and economic level [16]. Next,
at least three communities or villages were randomly
selected from each region. Then a given number of par-
ticipants aged > 35 years were selected from communi-
ties or villages. Finally, a total of 30,036 participants with
incomplete physical examinations at baseline between
2012 to 2015 were followed up in 2018-2019. This study
was approved by the Ethics Committee of Fuwai Hospital
(Beijing, China) and performed under the guidelines of
the Helsinki Declaration. Informed consent was obtained
from each participant.

We dropped out participants who lost to follow-up
(n=4711), then subjects with medical history of CVD
(coronary heart disease (CHD), stroke and other heart
diseases that are not clearly defined, »=2135) and 594
(2.0%) participants with missing data on covariates at
baseline were also excluded. Ultimately, we included
22,596 participants who were free of CVD and had com-
plete information on diabetes, hypertension, and lipids at
baseline into the main analysis (Figure S1 in supplemen-
tary materials).

Definition and classification of cardiometabolic factors
Prevalent hypertension was defined as systolic blood
pressure (SBP)>140 mmHg, and /or diastolic blood
pressure (DBP)>90 mmHg, and/or self-reported physi-
cian-diagnosed hypertension, and/or medication use for
antihypertensive at baseline. According to Chinese Dia-
betes Society 2017 criteria, diabetes was defined as fast-
ing plasma glucose (FPQ) level of 7.0 mmol/L (126 mg/
dL) or more, or self-reported previous diagnosis for type
2 diabetes mellites by health care professionals, or taking
anti-diabetic drugs [17]. Low-density lipoprotein choles-
terol (LDL-C) was selected as the primary lipid factor of
interest, and LDL-C >4.12 mmol/L (160mg/dL) was con-
sidered as high LDL-C [18].

Covariates

At baseline, information on demographic characteris-
tics, lifestyle risk factors, and medical history were col-
lected by well-trained interviewers via a structured
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questionnaire. Age of participants was categorized into
five groups: 35-44, 45-54, 55-64, 65-74, and > 75 years
old. Educational attainment was classed into two groups:
middle-high school or lower and high school or above.
Information on employment status was also collected
through self-reporting and the classification included
employed, retired, students and unemployed. Participants
who had at least one parent or siblings with a medical his-
tory of CVD was considered as having family history of
CVD. Health-related factors included alcohol consump-
tion, smoking (never, former and current) and medical
history of CVD (CHD, stroke and other heart diseases that
are not clearly defined). In the past month, participants
who had a history of drinking at least once per week were
defined as alcohol consumption. Height and body weight
were measured with participants wearing thin clothing
using a standardized right-angle device and an OMRON
body fat and weight measurement device (V-body HBEF-
371, Omron, Japan). Body mass index (BMI), computed by
dividing weight (kg) by height squared (m?), was divided
into<18.50 kg/m?, 18.50-23.9 kg/m?, 24.00-27.9 kg/m?
and >28 kg/m? [19]. Resting Blood pressure was meas-
ured 3 times on the right arm in the sitting position after
resting at least for 5 min using the Omron HBP-1300 pro-
fessional portable blood pressure monitor (Omron, Kyoto,
Japan), with 30 s between each measurement. The average
of the three readings was used for the final analysis. Labo-
ratory tests including TC, TG, HDL-C, LDL-C and FPG
were detected by a central core laboratory (Beijing Adicon
Clinical Laboratories, Inc., Beijing, China) by collecting
venous blood for at least 8 h fasting.

Ascertainment of incident CVD events and mortality

The outcomes were the composite of fatal and nonfatal
CVD events and mortality, and CVD events were defined
as combined CHD, stroke, chronic heart failure, and
death due to CVD. CHD was defined as non-fatal CHD
(including myocardial infarction, coronary artery bypass
graft surgery, or percutaneous coronary intervention)
and fatal CHD (such as fatal myocardial infarction and
other coronary deaths). Stroke included non-fatal stroke
and fatal stroke (subarachnoid hemorrhage, intracerebral
hemorrhage, ischemic stroke, unspecified stroke). Mor-
tality outcomes included all-cause mortality and cause-
specific mortality. CVD events and deaths were initially
identified by trained health care staff, and then ascer-
tained by the central adjudication committee of Fuwai
Hospital (Beijing, China) through verification of hospital
records and death certificates. Specifically, for those who
have been hospitalized due to CVD, CVD events were
evaluated based on the medical records or diagnosis and
treatment records, such as medical history, main symp-
toms and signs and medical examinations, etc.; or for
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emergency patients, we verified these events via medical
history, the disease process, the local doctor’s diagnosis
and treatment provided by their relatives and local doc-
tors. All events were coded according to the International
Classification of Diseases, 10th Revision (ICD-10) by
trained healthcare staffs blinded to baseline information.
Moreover, during the follow-up, we conducted strict
quality control by formulating a unified work plan and
rigorous training, and the incident Diagnosis Committee
has successively evaluated the completeness and accuracy
of case identification. Additionally, we randomly selected
10% of the participants to check the false negative rate.

Statistical analysis

In this present study, the status of cardiometabolic dis-
order were categorized into the one of diabetes, hyper-
tension, and high LDL-C and those with two or three
combined cardiometabolic disorders at the same time
according to the numbers of cardiometabolic disease at
baseline. Besides, we also categorized subjects in to the
following 8 mutually exclusive groups according to base-
line the status of cardiometabolic disease: (1) none of
these (reference group), (2) diabetes, (3) high LDL-C, (4)
hypertension, (5) diabetes and high LDL-C, (6) diabetes
and hypertension, (7) high LDL-C and hypertension, and
(8) diabetes, high LDL-C, and hypertension.

Data were described as means (standard deviation)
for continuous variables and frequency and percent-
ages for categorical variables according to the numbers
of cardiometabolic disorders at baseline. The Kolmogo-
rov—Smirnov test was used to compare the empirical
cumulative distribution function of sample data with
the normal distribution. The analysis of Kruskal-Wal-
lis Test, and x2 test, as appropriate, were used to com-
pare participants between the different combinations of
cardiometabolic risk factors, respectively. Hazard ratios
(HRs) and 95% confidential internal (CI) were calculated
by using Cox proportional hazards models and the pro-
portional hazard assumption were tested by weighted
Schoenfeld residuals and P-values were greater than 0.05
for all outcomes. For all analyses, we adjusted for age,
sex, BMI, alcohol consumption, smoking, educational
level, employment status, urbanization (urban and rural),
geographical region (east, central and western) and fam-
ily history of CVD at baseline to assess accurately the
relationship between individual and combined cardio-
metabolic disorders and the risk for CVD. Additionally,
regarding that the potential impact of non-cardiovascular
death as competing risk events rather than the censored,
competing-risks regression based on Fine and Gray’s
proportional sub-hazards model was used to evalu-
ate this association [20, 21]. Then we redefined hyper-
tension as the SBP>130 and/or DBP >80 according to
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the American Heart Association/ American College of
Cardiology (AHA/ACC), and then assessed the asso-
ciation of the individual and combined cardiometabolic
disorders with the risk for CVD and all-cause mortal-
ity. Besides, we used Poisson regression model to obtain
CVD incidence rate and mortality rate for different com-
bination of cardiometabolic risk factors adjusting for sex,
age (liner and quadratic terms) and interactions of age at
baseline with cardiometabolic risk factors.

The PAF for CVD and mortality attributable to hyper-
tension, diabetes and high LDL-C separately was calcu-
lated using the formula [22]:

PAF; = P; x (HR; — 1)/[P; x (HR; — 1) + 1],

where P; is the actual prevalence of hypertension, dia-
betes and high LDL-C, and HR; is the adjusted hazard
ratio of CVD and mortality associated with hypertension,
diabetes or high LDL-C. We then computed the PAF for
combined effects of cardiometabolic risk factors, which
were considered as independent risk factors in this cur-
rent study, by the following formula [23]:

paF=1-]]. (1= PAF)),
=

where PAF; is the PAF of individual risk factors. We
reported the 2-5th and 97-5th values as 95% Cls, which
were computed via 1000 bootstrap resampling. Lastly,
we evaluated the loss of CVD-free years and reductions
in life expectancy related to different status of cardio-
metabolic disorders according to trapezium rule. Briefly,
reductions in CVD-free years and life expectancy were
estimated as the different of areas under any two survival
curves compared based on multivariate adjusted Cox
proportional models, with age as the timescale. The for-
mula was [11]:

95
Loss of CVD — free years = /

baseline age

{Srer () = Si(w)}dy,

where S,.¢ (1) is the survival probability for participants
without any of the three cardiometabolic disorders at age
w, and S;(w) is the survival probability at age p for other
status of cardiometabolic disorders (7).

All analyses were performed by using SAS version 9.4
(SAS Institute) and R version 4.0.3 (the R Foundation),
and a two-sided P value < 0.05 was statistically significant.

Results

Characteristics of participants

At baseline, the mean age was 56.2+13.1 years. Baseline
characteristics based upon the numbers of cardiometa-
bolic risk factors were demonstrated in Table 1. Of these
22,596 participants, most of them had a history of only
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one of hypertension, diabetes and high LDL-C (37.33%),
8.28% had two components for cardiometabolic factors,
6.06% had a history of diabetes, hypertension and high
LDL-C. Compare with participants without cardiometa-
bolic disorders, those with two or three cardiometabolic
risk factors were older, were more likely to live in east-
ern urban areas and had a family history of CVD. Over-
all, BMI, FPG, and lipid levels increased markedly as the
cardiometabolic health deteriorated, and mean SBP was
as high as 152.7 mmHg in patients with all three car-
diometabolic risk factors. Baseline characteristics of the
sample population and the participants included in the
final analysis are showed in Table S1.

Associations of cardiometabolic disorders with CVD

and all-cause mortality risk

During the follow-up period, we detected 991 individu-
als with incident fatal or nonfatal CVD events (stroke,
596; CHD, 303; and other cardiovascular events, 92),
the cumulative incidence of CVD and all-cause mortal-
ity were 9.48 and 10.83 per 1000 person-years. Table 2
showed the association between different combinations
of cardiometabolic risk factors and the risk of CVD and
all-cause mortality. Multivariable-adjusted model showed
a significantly high risk of new-onset CVD among those
with one, two or three cardiometabolic risk factors com-
pared with participants without diabetes, hyperten-
sion, and high LDL-C, with the HR were 1.59 (95%CI
1.37-1.85), 1.82 (95%CI 1.49-2.24) and 2.97 (95%CI
1.85-4.75), respectively. Subjects with the combination
of diabetes, hypertension, and high LDL-C had greater
than twofold increased risk for CVD, CHD, stroke and
all-cause mortality. For participants with only one cardio-
metabolic risk component, those with only hypertension
showed significantly higher risk for stroke. However, we
failed to detect an increased risk for CVD and its subcat-
egories in participant with diabetes or high LDL-C only.
Additionally, participants with diabetes only at base-
line had a higher risk for all-cause mortality (HR=1.79,
95%CI 1.36-2.37). Moreover, the HRs were 2.06 (95%CI
1.64-2.58) and 1.45 (95%CI 1.03-2.05) for total CVD in
participants with diabetes plus hypertension and high
LDL-C plus hypertension. Specifically, the risks of CHD
incidence for participants with diabetes plus hyperten-
sion substantially increased through roughly 2.41 times
compared with those without cardiometabolic risk factor,
which was also higher than those with high LDL-C plus
hypertension (HR=2.06 (95%CI 1.17-3.63)). Moreover,
for CVD risk, the conclusions were consistent after non-
cardiovascular death was considered as competing risk
events rather than the censored based on the Fine-Gray
model (Table S2). After we redefined the hypertension
according to the AHA/ACC, the risk of stroke increased
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Table 1 Characteristics of study participants by the number of cardiometabolic risk factors
Characteristic None Onerrisk factor Two risk factors Three risk factors P value
(N=12,153) (N=8436) (N=1870) (N=137)
Age (SD), years 519(12.2) 60.6 (12.5) 62.9(11.8) 64.3(11.8) <.001
Gender, % <.001
Male 5409 (44.5) 4154 (49.2) 832 (44.5) 61 (44.5)
Female 6744 (55.5) 4282 (50.8) 1038 (55.5) 76 (55.5)
Educational level, % <.001
Elementary middle School or lower 5759 (47.4) 4642 (55.0) 1052 (56.3) 81 (59.1)
High school or above 6394 (52.6) 3794 (45.0) 818 (43.7) 56 (40.9)
Residence, % <.001
Urban 5165 (42.5) 3913 (464) 931 (49.8) 75 (54.7)
Rural 6988 (57.5) 4523 (53.6) 939 (50.2) 62 (45.3)
Region, % <.001
East 4801 (39.5) 3380 (40.1 961 (51.4) 77 (56.2)
Central 5097 (41.9) 3636 (43.1 630 (33.7) 42 (30.7)
West 2255 (18.6) 1420 (16.8 279 (14.9) 18(13.1)
Consumption of 3355 (27.6) 2406 (28.5 488 (26.1) 40 (29.2) 0.156
Alcohol, %
Smoking types, % <.001
Current 3093 (25.5) 2167 (25.7) 404 (21.6) 34 (24.8)
Former 502 (4.1) 557 (6.6) 144.(7.7) 6 (4.4)
Never 8558 (70.4) 5712 (67.7) 1322 (70.7) 97 (70.8)
SBP (SD), mm Hg 119.7 (10.9) 145.1 (194) 149.2 (18.3) 152.7 (19.9) <.001
BMI, Kg/m2 24.5(3.5) 23.9(3.3) 25.1(3.6) 26.0 (3.5) <.001
Cholesterol (SD), mmol/L
Total 4.6(0.8) 49(1.0) 55(1.3) 6.9 (0.8) <.001
HDL-C 14(0.3) 13(0.3) 1.3(0.3) 14 (04) <.001
LDL-C 26(0.7) 29(08) 34(1.0) 47(1.1) <.001
FPG (SD), mmol/L 5.1 (0.6) 5.7(1.6) 75Q2.7) 8.7 (2.8) <.001
Family history of CVD, % 1184 (9.7) 1574 (18.7) 477 (25.5) 39 (28.5) <.001

Data are represented as mean (standard deviation) or number (%). SBP systolic blood pressure, BMI body mass index, HDL-C high-density lipoprotein cholesterol, LDL-
Clow density lipoprotein cholesterol, FPG fasting plasma glucose, CVD cardiovascular disease

further for participants with one or two cardiometa-
bolic risk factors. In the reference group, the sex- and
age- adjusted CVD incidence rate and mortality rate
were 7.31 and 9.74 per 1000 person-years. By contrast,
the age- and sex- adjusted CVD incidence and mortality
rate were 31.48 (95%CI 22.00-45.06) and 22.93 (95%CI
19.55-26.90) per 1000 person-years among participants
with diabetes, high LDL-C and hypertension (Fig. 1).

Population attributable fraction and reductions

in CVD-free years and life expectancy

The proportion of the total CVD attributable to diabe-
tes and hypertension were 2.65% (95%CI 2.50-2.81) and
19.35% (95%CI 18.97-19.72), respectively (Table 3). We
failed to detect a significant association between high
LDL-C and the risk of CVD, therefore, we did not fur-
ther calculate the PAF. The PAFs for all-cause mortality

attributable to diabetes and hypertension were 5.08%
(95%CI 4.80-5.37) and 10.85% (95%CI 10.61-11.08),
respectively. Besides, we found that 21.48% of the CVD
and 15.38% of all-cause mortality were attributable to the
combined effect of diabetes and hypertension (Table 3).
We estimated that participants aged between 40
and 60 years old, with three cardiometabolic disorder
together, would develop CVD on average 3.1 years ear-
lier compared with those without any abnormalities of
cardiometabolic factors at baseline (Fig. 2A). Subjects
with one and two combinations of cardiometabolic risk
factors had lost 1.3 and 1.7 CVD disease-free years,
respectively. Corresponding reductions for CHD-free
were 4.7 years among those had all three cardiometa-
bolic risk factors, however, the reduction in stroke-
free years was 2.2, which was slightly lower than the
loss for CHD-free years (Figs. 2B and C). The loss of
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No. of
participants

CcvD

Stroke

CHD

All-cause mortality

Cases HR (95%Cl)

Cases HR (95%Cl)

Cases HR (95%Cl)

Cases HR (95%Cl)

The number of cardiometabolic risk factors

None 12,153
One 8436
Two 1870
Three 137
The type of cardiometabolic risk factors
None 12,153
Diabetes only 830
High LDL-C only 632
Hypertension only 6974
Diabetes+High LDL-C 73
Diabetes + Hypertension 1236
High LDL-C+ Hypertension 561
Diabetes + High 137
LDL-C+ hypertension

282
533
157
19

282
36
15
482
2
116
39
19

Reference 170 Reference
1.59(1.37-1.85) 328 1.65 (1.36-2.00)
1.82(1.49-224) 88 1.67 (1.27-2.18)
297 (1.85-4.75) 10 2.51(1.31-4.78)
Reference 170 Reference
1.31(0.93-1.86) 20 122 (0.76-1.94)
0.82(049-138) 8 0.70 (0.34-1.42)
1.68 (1.44-1.96) 300 1.78 (1.46-2.17)
0.77 (0.19-3.08) 0 -

2.06 (1.64-2.58) 64 1.90 (1.40-2.56)
145 (1.03-2.05) 24 142 (0.92-2.20)
3.02 (1.88-4.83) 10 2.56 (1.34-4.89)

78 Reference 349 Reference

160  1.63(1.23-2.16) 593 1.38 (1.20-1.58)
57 230(1.61-330) 164 1.66 (1.37-2.02)
8 3.92(1.86-823) 20 2.97 (1.88-4.69)
78 Reference 349 Reference

14 1.83(1.03-3.24) 58 1.79 (1.36-2.37)
7 1.52(0.70-3.30) 16 0.76 (0.46-1.25)
139 162 (1.21-2.16) 519 1.37(1.19-1.58)
1 1.51(0.21-1092) 4 1.28 (0.48-3.43)
41 241(1.62-359) 121 1.92 (1.55-2.39)
15 2.06(1.17-363) 39 1.16 (0.83-1.62)
8 3.96(1.89-833) 20 3.02(1.92-4.77)

CVD cardiovascular disease, Cl confidential interval, CHD coronary heart disease, HR hazard ratio, LDL-C low-density lipoprotein cholesterol

Cardiometabolic risk factor

CVD incidence rate (95% CI)?

Mortality rate (95% Cl)@

None

One risk factor
Diabetes only
High LDL-C only

Hypertension only

Two risk factors

Diabetes+ High LDL-C
Diabetes+ Hypertension

High LDL-C+ Hypertension

Three risk factors

b 7.31 (6.47-8.25)
- 11.17 (10.23-12.20)
b 9.40 (8.33-10.61)
—— 6.62 (1.65-26.46)
—— 11.78 (8.33-16.68)
—— 13.85 (8.68-22.09)
i 5.98 (4.24-8.45)
Fa-i 15.69 (14.25-17.28)
et 11.10 (9.19-13.40)
> 31.48 (22.00-45.06)
I I I I 1
0O 5 10 15 20 25

>

0

T T T T 1
5 10 15 20 25

9.74 (8.73-10.86)
12.15 (11.17-13.22)
15.84 (14.25-17.61)
6.90 (2.66-17.92)
12.01 (8.39-17.19)
13.84 (8.61-22.25)
12.02 (9.06-15.96)
16.30 (14.65-18.13)

9.85 (8.23-11.79)

22.93 (19.55-26.90)

Fig. 1 Sex- and age- adjusted CVD incidence and all-cause mortality rates by different combinations of cardiometabolic risk factors. CVD,
cardiovascular disease; Cl, confidential interval. 2, CVD incidence and mortality rate is per 1000 person-years

CVD disease-free years decreased with age for people
who had cardiometabolic disorders after the age of 60.
Besides, individuals over 75 years of age with identi-
fied cardiometabolic risk factors were substantially no
CVD-free year loss. Estimated reductions in life expec-
tancy in participants with all three cardiometabolic risk
factors were 4.3 years at the index of 40 (Fig. 2D).

Discussion

The current prospective study found that compared with
participants without diabetes, hypertension or high LDL-
C, those who had cardiometabolic multi-morbidities had
a higher risk of incident CVD and all-cause mortality,
and the cardiometabolic risk factors showed a multipli-
cative increased risk for CVD and all-cause mortality.
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Table 3 Population attributable fractions for CVD and all-cause mortality associated with cardiometabolic risk factors

Risk factor Weight prevalence (%) Outcomes HR (95% CI) PAF % (95%Cl)
Diabetes mellitus 9.13 (8.61-9.69) CVD 30(1.10-1.54) 2.65(2.50-2.81)
Stroke .13 (0.90-141) 6(1.10-1.23)
CHD 59 (1.20-2.12) 5.15 (4.86-5.44)
All-cause mortality 59 (1.36-1.85) 5.08 (4.80-5.37)
Hypertension 34.76 (33.92-35.60) CVvD 1.69 (1.47-1 94) 19.35(18.97-19.72)
Stroke 1.79 (1.50-2.15) 55(21.13-21.95)
CHD 1.56 (1.21-2.02) 1629(1596 16.62)
All-cause mortality 1.35(1.19-1.53) 10.85(10.61-11.08)
High LDL-C 540 (5.03-5.76) CVvD 0.94 (0.74-1.20) -
Stroke 0.82 (0.60-1.13) -
CHD 1.38 (0.95-2.02) -
All-cause mortality 0.93(0.74-1.17) -

Combined effects?
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Besides, The PAFs for CVD, CHD, stroke and all-cause
mortality attributable to combined effect of diabetes and
hypertension were 21.48%, 22.46%, 20.60% and 15.38%,
respectively. Our results also suggested that both indi-
vidual and combined cardiometabolic risk factors among
participants aged between 40 and 60 years old are asso-
ciated with significant reductions in CVD-free years and
life expectancy compared participants without any of
diabetes, hypertension or high LDL-C.

Cardiovascular disease are the leading cause of disabil-
ity and death, and most of them are attributable to car-
diometabolic risk factors, such as hypertension, diabetes,
and high LDL-C [9, 10, 24, 25]. Recent results from the
China Cardiometabolic Disease and Cancer Cohort (4C)
study showed that approximately 37.42% of major cardio-
vascular events are attributable to the clustering of meta-
bolic risk factors [10]. However, comprehensive control
rate of hypertension, diabetes and dyslipidemia was low,
a study based on Chinese participants, including 25,817
patients with diabetes, demonstrated that 72% of patients
with type 2 diabetes have hypertension and/or dyslipi-
demia, and the integrated control rate is only 5.6% [26].
Chinese government proposed integration for hyperten-
sion, diabetes and dyslipidemia, which is in line with the
principles of health economics and integrated manage-
ment and control for cardiovascular disease. This study
found that associations of cardiometabolic multi-morbid-
ities with the risk of CVD incidence and all-cause mortal-
ity are multiplicative, which is of paramount importance
to provide evidence for the primary prevention of CVD
and comprehensive management for hypertension, dia-
betes and dyslipidemia, in China, and other countries.

While several studies have focus on the association of
hypertension, diabetes and dyslipidemia with CVD risk
separately [8, 9, 27], few have systematically clarified the
relative association between combined cardiometabolic
disorders with CVD, especially for Chinese people. 4C
study, recruiting 193,846 adults aged over the age of 40,
investigated the associations of individual and combined
hypertension, diabetes and dyslipidemia with CVD risk
among Chinese, and found that people with only hyper-
tension or diabetes have a significantly increased risk of
CVD compared with adults without hypertension, dia-
betes or dyslipidemia [10]. However, it failed to find an
association of dyslipidemia only with the risk of CVD
incidence, which was consistent with our study. One
of the reasons is that the definition of dyslipidemia was
based on abnormal TC, LDL-C, and HDL-C, and pre-
vious study showed inconsistent association between
HDL-C and CVD risk [28-30], which may affect the esti-
mation of the effect and overall test efficacy. Our findings
also indicated hypertension is the largest cardiometabolic
risk factor for total CVD and all-cause mortality, and
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accounting for approximately 19.35% and 10.85% of the
PAE, respectively. A longitudinal cohort study enrolling
1,038,704 adults in China revealed that 3.3%, 1.73% and
0.3% all-cause mortality are due to one, two and three
cardiometabolic multimorbidity [31]. Moreover, the lat-
est research revealed that there are about 245 million
adults in China have hypertension [4], indicating that
CVD burden caused by hypertension remain serious,
thus preventive interventions should be implemented to
lower the prevalence of high SBP among Chinese overall
in order to reduce the SBP-related CVD adverse health
effect.

Our results noted that most combinations of car-
diometabolic risk factors are associated with significant
reductions in CVD-free years and life expectancy com-
pared participants without diabetes, hypertension or
high LDL-C among participants aged between 40 and
60 years old. Although several previous studies have
investigated the association of cardiometabolic multi-
morbidities with all-cause mortality and the associated
reduction in life expectancy, these studies have basically
focused on secondary prevention for CVD rather than
primary prevention [31-33], and limited large-scale stud-
ies were conducted to explore the reduction in CVD-free
years associated with individual and combined cardio-
metabolic disorders. Recent research noted that people
with cardiometabolic multi-morbidity have significantly
lower life expectancy and any combination of multi-mor-
bidity was associated with the increased risk of all-cause
mortality [33]. However, most of these studies focus on
secondary prevention, and the definition of cardiometa-
bolic multi-morbidity mainly includes stroke, myocar-
dial infarction, diabetes. This present study, balancing
the primary and secondary prevention of CVD, clarified
that the relationship between different combination of
cardiometabolic risk factor and CVD risk and the losses
of CVD-free years caused by cardiometabolic risk fac-
tors. Recent researches have presented that healthy life-
style can effectively reduce cardiometabolic diseases [34,
35], thus, popularizing health education and advocating
a healthy lifestyle is a cost-effective approach to the pri-
mary prevention of CVD and the reduction of CVD bur-
den caused by cardiometabolic risk factors, especially for
people under 65 years of age.

Strengths and limitations

There are several strengths in this study. Firstly, to our
best knowledge, our study is the first to assess the PAF
for CVD and its subcategories attributable to differ-
ent combination of hypertension, diabetes and high
LDL-C among Chinese people. Moreover, findings from
our study emphasized the importance of an integrated
management of cardiometabolic morbidities in order
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to improve the efficiency of prevention and control of
CVD. However, we acknowledge some specific limita-
tions. First, the relatively short follow-up duration lim-
ited the number of CVD events, so this study did not
provide the loss of CVD-free years for all possible com-
binations of cardiometabolic disorders. In addition, we
do not distinguish between ischemic and hemorrhagic
strokes although the effects of cardiometabolic risk fac-
tors may vary among different types of strokes. Third,
we were unable to further assess the association of indi-
vidual and combined cardiometabolic risk factor with
the risk of CVD incidence by different treatment status
due to the limited sample size. Forth, it’s better to apply
a more complex stratified multistage sampling method
to have a more representative sample, namely, in the first
stage, probability proportional to size should be used to
obtain cities/counties stratified by urban and rural areas
and economic level. Besides, information on the cardio-
metabolic risk factors may change over time, which could
increase the possibility of misclassification bias during
the follow-up and influence the accuracy of the estimates.
Finally, although extensive covariates were adjusted in
the analyses, residual and unmeasured confounders and
intricate interaction remain exit, which may influence the
precise effects of cardiometabolic risk factors on the risk
of CVD incidence.

Conclusions

In summary, our finding shows that cardiometabolic
risk factors, including hypertension, diabetes and high
LDL-C, were associated with multiplicative risk for CVD
incidence and all-cause mortality, and a large proportion
of CVD and mortality were attributable to cardiometa-
bolic risk factors. The reduction in CVD-free years and
life expectancy were substantially higher among people
with combination of two and three cardiometabolic risk
factors. This result highlights the importance of cardio-
metabolic multi-morbidities in the primary prevention of
CVD and comprehensive management for hypertension,
diabetes and abnormal lipids.
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